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Abstract

The main aim of the present study was “In vivo study of self-emulsifying drug delivery system
(SEDDS)”.Ex-vivo drug release study of optimized formulation was performed using male albino rat
skin. The rat epidermis was mounted onto a Franz diffusion cell in such a way that the dermis side
was in contact with receptor solution. Freshly excised abdominal skin was used for ex-vivo studies,
whose hair had been previously removed. The permeation profiles were constructed by plotting the
cumulative amount of amlodipine permeated per unit rat skin area (ug/cm?) versus time.The anti-
inflammatory activity of prepared ibuprofen SEDDS was evaluated by the carrageenan-induced rat

hind paw edema method.
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1. INTRODUCTION

Self-emulsifying  drug  delivery  systems
(SEDDS) have gained exposure for their ability
to increase solubility and bioavailability of
poorly soluble drugs,SEDDS are isotropic
mixtures of oils and surfactants, sometimes
containing cosolvents,and can be used for the
design of formulations in order to improve the
oral absorptionof highly lipophilic
compounds.?? About 40% of the drug
candidates identified viacombinatorial
screening programs are poorly water soluble.
The aqueous solubility ofpoorly water-soluble
drugs is usually less than 100 pg/ml Especially
poorly soluble, highly permeable active
pharmaceutical ingredients (BCSClass Il drugs)
represent a technological challenge, as their
poor bioavailability issolely caused by poor
water solubility resulting in low drug
absorption.Different techniques have been
reported in the literature to achieve better
drugdissolution  rates.>*> To  improve
dissolution/solubility and oral bioavailability
of a formulation one of theapproaches is self-
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dispersing  lipid  formulations  (SDLF’s),
SDLFs,surfactant  dispersions, solid lipid
nanoparticles, liposomes, emulsions and oils
arevarious lipid-based formulations. There are
two types of SDLFs which includes Self
Emulsifying Drug Delivery Systems (SEDDS)
and Self-Micro Emulsifying DrugDelivery self-
emulsification depends on include various
related Systems (SMEDDS).578

Formulation of SEDDS

SEDDS are composed of oil, hydrophilic
surfactant, and a co-solvent. The process of
self-emulsification is only specific to certain
combinations of pharmaceutical
excipients. It depends on the type of oil and
surfactant pair, their ratios, the surfactant
concentration and the temperature at which
self-emulsification occurs. The primary step
during formulation of a SEDDS is the
identification of these specific combinations
ofexcipients and construct a phase diagram
which  shows  various  concentrations
ofexcipients that possess self-
emulsification.>1®!  Mutual miscibility of
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these excipients is alsoimportant for
producing a stable liquid formulation. Long
chain triglycerides (LCT) areusually immiscible
with hydrophilic surfactants and co-solvents.
Polar oils such asmixed glycerides show an
affinity towards hydrophilic surfactants and
thus are misciblewith the surfactant and aids
in self-dispersion of the formulation. The
diversity ofthe chemical nature of lipids used
may lead to immiscibility on long-term
storage, so itis essential to perform physical
stability tests on the formulation. If waxy
excipients areused, they should be melted
before weighing and then mixed with other
liguidexcipients. With a large variety of liquid
or waxy excipientsavailable, ranging from oils
through biological lipids, hydrophobic and
hydrophilicsurfactants, to water soluble co-
solvents, there are many different
combinations thatcould be formulated for
encapsulated in hard or soft gelatin or
mixtures which disperseto give fine colloidal
emulsions.’>'*1* The following should be
considered in the formulation of a SEDDS: -

1. The solubility of the drug in different oil,
surfactants and co-solvents.

2. The selection of oil, surfactant and co-
solvent based on the solubility of the drug
and the preparation of the phase diagram.

3. The preparation of SEDDS formulations by
dissolving the drug in a mixture of
oil, surfactant and co-solvent. The addition of
a drug to a SEDDS is criticalbecause the drug
interferes with the self-emulsification process
to a certainextent, which leads to a change in
the optimal oil-surfactant ratio. So, the
designof an optimal SEDDS requires
preformulation  solubility and  phase-
diagramstudies. In the case of prolonged
SEDDS, formulation is made by adding
thepolymer or gelling agent.1>1¢

2. MATERIALS AND METHODS

2.1Ex-vivo Skin Permeation studies

2.1.1 Preparation of Rat abdominal skin
Ex-vivo drug release study of optimized
formulation was performed using male albino
rat skin. The experimental protocol was
designed and approved by the Institutional
Animal Ethics Committee. The animal was
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sacrificed by cervical dislocation of the spinal
cord and then the hairs were removed using
depilatory cream. Abdominal sections were
excised using surgical scissors and the
adhered subcutaneous fat was removed. The

.skin surface was observed under the

microscope for existence of cuts and wounds.
The full thickness skin thus
prepared was soaked in distilled water at 60°C
for 60 seconds, followed by careful removal of
the epidermis with the intact stratum
corneum. The epidermis was washed with
distilled water and used.

2.1.2 Ex-vivo skin permeation studies
through rat abdominal skin

The rat epidermis was mounted onto a Franz
diffusion cell in such a way that the dermis
side was in contact with receptor solution.
Freshly excised abdominal skin was used for
ex-vivo studies, whose hair had been
previously removed. Subcutaneous fat and
other visceral tissue were removed carefully.
Franz diffusion cells with an effective diffusion
area of 3.9 cm? with the diameter of 16 mm
and receptor volume of 12.5 ml were used to
assess in vitro drug permeation. Donor and
receptor compartments were separated by
freshly excised rat skin. The receptor
compartment was kept at 37°C. The receptor
fluid was selected as pH 7.5 phosphate buffer
with 1% SLS and the hydrodynamics in the
receptor compartment was maintained by
stirring continuously with magnetic stirrer at
500 rpm. Each formulation equivalent to
single dose was placed in the donor
compartment. Permeation experiments were
carried out for 24 h after application. Samples
were taken from the receiver compartment at
scheduled time
intervals (1, 2, 3,4,5,6,7,8,9,10, 12 and 24
h) and immediately replaced with the
same volume of fresh receptor fluid. The
amount of amlodipine in the samples was
determined by UV-visible spectrophotometer
at 243 nm using fresh pH 7.5 phosphate
buffer with 1% SLS as blank. Studies were
repeated thrice, and results are described in
mean * SD.
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2.1.3 Permeation Data Analysis
The permeation profiles were constructed by
plotting the cumulative amount of amlodipine
permeated per unit rat skin area (pg/cm?)
versus time. Linear regression analysis was
used to calculate the steady state flux (Jss,
ug/cm?/hr) of amlodipine by using the slope
of the plot. The following equation was used
to determine the permeability co-efficient
(Kp) of the drug through the stratum
corneum:

K, =¢°
Where, C is the initial concentration of the
drug in the donor compartment. The
penetration enhancing effect was calculated
in terms of enhancement ratio (Er) by using
the following equation:

jss of nan oemulsion gel formulation
Er = jss of control formulaiton
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2.1.4 In vivo studies of amlodipine nano
emulsion gel

The studies were performed as per the
guidelines of the institutional animal ethics
committee. The rats were deprived of food

. but had free access to water 24 h before the

day of the experiment. Two groups of rats
were used for the experiments. Each group
was either administered amlodipine normal
gel (control group) or amlodipine nano
emulsion gel topically over a surface area of
4sqg.cm after removal of superficial hair using
a depilatory. Under ether anesthesia, blood
samples (0.5 mL) were collected via the retro-
orbital vein at 2, 4, 6, 8,
10, 12 hours after topical administration into
heparinized microcentrifuge tubes. The
samples were centrifuged at 15,000 rpm for
10 min at 4°C temperature. The plasma
samples (100 uL) were separated, and 1ml of
acetonitrile was added to each of the plasma
samples to precipitate the protein. The
samples were then centrifuged again at
15,000 rpm, 4°C for 5 min, and the
supernatant (20 pL) was directly injected onto
the HPLC (Waters.) Chromatographic column
C8 (150 cm and 4.6 mm id.) with a 5 um
particle size was used Acetonitrile and
methanol (55:45) were utilized as a mobile
phase at a flow rate of 1.0 ml/min with total
run time of 10 min. Data from these samples
were used to plot curves for amlodipine
absorption with time.

2.1.5 Evaluation of anti-inflammatory activity
The anti-inflammatory activity of prepared
ibuprofen SEDDS was evaluated by the
carrageenan-induced rat hind paw edema
method. The experimental protocol was
designed and approved by the Institutional
Animal Ethics Committee (IAEC) was obtained.
Wistar strain male albino rats weighing
between (150-200 g) were used. The animals
were in a light-controlled 12-hour cycle with
free access to food and water. Animals were
fasted overnight before experiment with free
access to water. Anti-inflammatory activity of
the ibuprofen SEDDS was compared to the
marketed product. Animals were divided into
three groups of six animals each. Group |
(control) received normal saline. Group |l
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received marketed product of ibuprofen and
Group IlIl received ibuprofen SEDDS. Paw
edema was induced by injecting 50 pl of 1%
w/v carrageenan into the sub plantar region
of the left hind paw. Paw volume was
determined at different time intervals in all
groups. The difference in the paw volume,
determined before and after injection of the
edema-provoking agent indicated the severity
of the edema. Volumes of right hind paw of
controls and treated animals were measured

with a plethysmometer and the percentage
inhibition of inflammatory reaction was
determined for each animal by comparison
with control and calculated by the following
formula.

- % Inhibition of edema = (Vcontrol - Viest) X100/

Vcontrol
where, Veontrol = mean edema of rats in control
group.
V test = mean edema volume of rats in tested
group.

Figure 3. Carrageenan Injection

3. RESULT AND DISCUSSION
3.1 Ex-vivo skin permeation study

Ex-vivoskin permeation study was conducted on the excised abdominal skin of male

Wistar rat for 12 hours.

elSSN1303-5150
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Figure 4. Ex-vivo Permeation Studies

Ex-vivo skin permeation studies were
performed to compare the release rate of the
drug

from the various nano emulsion formulations
(amlodipine AM, NE5 and NEGS5) all having the
same quantity of amlodipine (20 mg). The
release rate of NE5 (86.22%) was found to be
more as compared to NEG5 (72.35%) and TG
(12.31%). Here it was observed that the
release of NE5 is slightly more than NEG
because the gel formulation provides a higher
diffusional resistance for drug release. The
comparison between NE5, NEG and AM
showed that even though the release rate of

NEG was less than NE5, it was significantly
more than that of AM.

3.2 Permeation Data Analysis

The permeability parameters like steady-state
flux (Jss), permeabilitycoefficient (Kp), and
enhancement ratio (Er), were significantly
increased in nano emulsions NE5 and the NEG
formulation as compared with amlodipine gel
(AM). The flux value was found to be
118.846.83 pg/cm?/h of normal gel (AM) in
comparison to NE5 1393.2+7.14 pg/cm?/h and
NEG1154.3+5.35 pg/cm?/h.  Permeability
coefficient (Kp) and Enhancement ratio (Er) of
NES5 and NEG are described.

Formulation Iss * SD* | Kp t SD* Er*
Code (ng/cm2/h) (cm/h)*10-

TG 118.84 + 6.83 0.594 +0.28 -

NE5 1393.2+7.14 6.97 +0.21 11.73
NEG 1154.3+5.35 5.77+0.27 9.71

Table 1. Permeation Analysis Data

This result indicates higher permeability of
drug through the skin because of the presence
of nanocarriers in the formulations. The
higher value of flux in NE5 compared to NEG2
indicates formulation provides prolonged
drug release behavior as compared to nano
emulsion. Moreover, this can be thought that

eISSN1303-5150

NE5 and NEG2 excipients contain permeation
enhancers like Acrysol EL 135 and Carbitol,
which was also responsible for the increased
permeation ability in comparison to the
normal gel.
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3.3 Anti Inflammatory Activity of ibuprofen compared between marketed tablet of
SEDDS ibuprofen (control) and ibuprofen SEDDS
The study was done after induction of edema (test) group. Paw volume in control, standard
by carrageenan sp. Paw volume and and test groups.
percentage decrease in paw edema was

Formulation name 1 Hour 2 Hours 3 Hours 4 Hours

Normal saline | 0.32+0.005 0.35+0.016 0.35+0.016 0.53+0.021

(Control) (n=6)

Ibuprofen Tablet | 0.26+0.005 0.24+0.006 0.23+0.003 0.18+0.01
(std)
(n=6)

Ibuprofen 0.22+0.011 0.20+0.006 0.18+0.005 0.15+0.017
SEDDS (test)
(n=6)

Table 2. Paw Volume After Induction

Formulation 1 Hour 2 Hours 3 Hours 4 Hours
Ibuprofen tablet | 18.75 31.42 45.25 66.03
(Standard)

Ibuprofen SEDDS | 31.25 42.85 57.14 71.69
(Test)

Table 3. Percentage Inhibition of paw edema
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Figure 5. Comparison Of Percentage Decrease in Paw Edema
The optimized test formulation indicated a as compared to the standard which exhibited
statistically significant decrease (p < 0.05) 66.03% inhibition at the same.
in paw volume. Ibuprofen SEDDS showed 4. SUMMARY & CONCLUSION
71.69% inhibition in paw edema at 4hours
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Self-emulsifying  drug  delivery  systems
(SEDDS) are a promising approach for the
formulation of drug compounds with poor
aqueous solubility. In the present work SEDDS
were formulated to improve the
bioavailability of BCS class-Il drugs. The model
drugs chosen for the study were an antifungal
drug itraconazole, an anti-hypertensive drug
amlodipine, an anti-inflammatory drug
ibuprofen.in-vivo which justifies the nano
emulsion gel to be a promising carrier for
transdermal delivery of amlodipine.Anti-
inflammatory studies indicated that the test
formulation showed significant inhibition in
paw edema compared to the standard
formulation.

With future development of this technology,

SEDDSs will continue to enable novel

applications in drug delivery, and solve

problems associated with the delivery of
poorly soluble drugs.
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