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ABSTRACT

Water-in-oil-in-water (w/o/w) double emulsions are potential for enhancing oral
bioavailability of drugs with high solubility and low permeability, but their industrial
application is limited due to the instability. Herein, a novel formulation is developed-a self-
double-emulsifying drug delivery systems (SDEDDS) by formulating mixtures of
hydrophilic surfactants and water-in-oil (w/0) emulsion. The optimized formulations are
stable. SDEDDS can spontaneously emulsify to water-in-oil in-water (w/o/w) double
emulsions in the mixed aqueous gastrointestinal environment, with drug encapsulated in the
internal water phase of the double emulsions. SDEDDS was employed to improve the oral
absorption of Vancomycin Hydrochloride, a peptide-like drug with high solubility and low
permeability. The optimized Vancomycin -SDEDDS were found to be stable up to 3 months
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Introduction

Oral administration is the most favourable route of drug
delivery for both patients and manufacturers. Nevertheless, for
many potential hydrophilic drugs defined as “high solubility low
permeability class” or a biopharmaceutical classification system
[BCS] class Il drugs, gastrointestinal permeation is the rate
controlling step in the absorption process. Also the drugs which
undergo hepatic first pass effect have low bioavailability which
can be improved by absorption and transport through lymphatic
system'. Many approaches such as absorption enhancers,
chemical modifications and pharmaceutical means were used to
enhance oral bioavailability of those drugs®®. Among these
approaches, water-in-oil-in-water emulsions show great potential
for enhancing oral bioavailability of BCS class Ill drugs, but
their industrial application is limited due to instability.

The most important factor affecting the oral absorption of a
drug, besides dissolution, is the permeability of the drug across
the gastro-intestinal lining. Improving permeability may,
therefore, potentially improve the bioavailability of a drug.
Transport of hydrophilic drugs across the intestinal epithelium is
confined mainly to paracellular pathways. However, the limited
surface area and the tight junctions present between the adjacent
cells restrict the transport of the drugs and are responsible for the
low bioavailability of hydrophilic drugs across the paracellular
route. The small oil globules are absorbed through lymphatic
system thereby bypass portal circulation and hepatic first pass
effect.

Herein, we developed a novel formulation design, self
double-emulsifying drug delivery system (SDEDDS), which are
the formulated mixtures of water-in-oil (w/0) emulsions and
hydrophilic surfactants. Generally w/o/w double emulsions were
prepared by a modified two-step emulsification method.
SDEDDS changed the process of the second emulsification step,
which can self-emulsify to w/o/w double emulsions due to the
gastrointestinal peristaltic movements in-vivo instead of
artificial emulsification in-vitro. The concept of SEDDS was
employed to realize this idea. Self-emulsifying drug delivery
systems (SEDDS) are a vital tool with great promise in
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enhancing the oral bioavailability of poorly water-soluble drugs”
8 9 As isotropic mixtures of drug, oils and surfactants, these
systems rapidly disperse in gastrointestinal fluids following their
oral administration, yielding micro- or nanoemulsions containing
the solubilized drug.*® ** *? Similar to SEDDS, SDEDDS can
spontaneously emulsify in the mixed aqueous gastrointestinal
environment. But the formed emulsions are water-in-oil-in-water
(w/o/w) double emulsions not o/w emulsions, and drugs are
encapsulated in the internal water phase of the double emulsions.
Compared to conventional thermodynamically unstable double
emulsions, SDEDDS are stable formulation systems. In addition,
SDEDDS can be filled directly into hard gelatin capsule which
are easy to administer and easy to store. The main aim of this
study was to develop and characterize SDEDDS formulations.
Vancomycin a peptide-like drug was chosen as a model drug of
high solubility/low permeability class.** Pseudo-ternary phase
diagrams was constructed to identify the efficient self-double-
emulsification region. The developed formulations were
characterized by assessing self  double-emulsification
performance, viscosity, double emulsions droplet size analysis,
microscopy studies, in vitro drug release characteristics and
formulation stability studies.
Materials and Methods
Materials

Vancomycin was supplied by the (Alkem Lab, Mumbai).
Lecithin was purchased from (Himedia Laboratories Ltd.).
Tween 80 (Merck, Mumbai), Span 80 (Shreeji Chemic Ltd.),
oleic acid (Loba Chemie Pvt Ltd), soybean oil (Research-Lab
Fine Chem Industries) and olive oil (Oxford laboratory Reagent)
were obtained. Water was purified by redistillation and filtered
through a 0.22 membrane filter before use.
Solubility Studies

An excess amount of Vancomycin (approximately 1 g) was
added to each cap vial containing 10ml of the vehicles. After
sealing, the mixture was vortexed using a mixer at a maximum
speed for 10 min and kept for 48 h at 25°C in a shaking water
bath to facilitate the solubilisation. The samples were
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centrifuged at 3000 rpm for 15 min to remove the undissolved
Vancomycin. The supernatant was taken and diluted with
ethanol for oil sample and remaining sample with water,
quantification ~of Vancomycin was done by UV
spectrophotometer.  Initially, the calibration curve of
Vancomycin in water and ethanol was plotted.
Construction of pseudo-ternary phase diagrams

Pseudo-ternary phase diagrams were constructed by using
the titration method, with the oil phase being replaced by water
in- oil (w/0) emulsion. The w/o emulsions was developed by one
Step emulsification procedure. Vancomycin was dissolved in
distilled water. Then, the Vancomycin aqueous solution was
added to the oil phase which consisted with oleic acid, Span 80
and lecithin under moderate magnetic stirring. The chosen w/o
emulsion formulation contained 125 g Vancomycin, 20 mg
Lecithin, 120 mg Span 80, 330 mg oleic acid, and 80 mg water.
A series of mixtures formed with w/o emulsion and aqueous
phase were made at certain weight ratios (10:0, 9:1, 8:2, 7:3, 6:4,
5:5, 4:6, 3.7, 2:8, 1:9 and 0:10). Each mixture was accurately
weighed into glass vials and mixed homogeneously under
moderate magnetic stirring at room temperature. Tween 80 was
then added into each mixture drop-by-drop by a dropper
quantitatively. During the titration process, samples were stirred
and observed by optical microscopy. At proper concentration of
Tween 80, the structure of double emulsions would appear. The
concentration of Tween 80 at which double-emulsions-formation
and double emulsions-disappearance transition occurred was
obtained by the weight measurements. These values were then
used to determine the boundaries of the double emulsion
regions, which is corresponding to the selected optimum ratios
of combination vehicles for developing Vancomycin-SDEDDS
formulations.
Formulation and preparation of SDEDDS

The formulated SDEDDS were mixtures of a hydrophilic
surfactant and w/o emulsions. Seven formulations of SDEDDS
(F1-F7) containing a fixed proportion of Vancomycin and
different amount of phospholipids were prepared'” '® . As
shown in Table 2, the w/o emulsions were prepared by one step
emulsification procedure. Then the w/o emulsions were mixed
with Tween 80 using a magnetic stirrer until Vancomycin -
SDEDDS was obtained. All the formulations were left for 24 h
at room temperature. Hard gelatin capsules (size 00) were
manually filled with 715+13mg of each formulation (F1-F7),
resulting in each capsule containing 125mg Vancomycin.
Vancomycin -SDEDDS capsules were stored in air-tight glass
containers at room temperature until required for analysis.
Physical characterization of Sdedds formulations
Weight variation

Twenty capsules were randomly selected from each batch
and individually weighed. The average weight and standard
deviation of twenty capsules was calculated. The batch passes
the test for weight variation if not more than two of the
individual capsules weight deviate from the average weight by
more than percentage shown in Table below and none deviate by
more than twice the percentage shown.
Viscosity analysis of SDEDDS formulations

The rheological ~measurements of the SDEDDS
formulations were performed with a Brookfield viscometer.
Emulsion droplet size analysis

The formulations (F1-F7) droplet size distributions of
double emulsions were measured by dynamic light scattering
using a Malvern Particle Size Analyzer. SDEDDS were mixed
with distilled water (200 ml) and stirred at mild agitation (75
rpm) in a magnetic stirrer for 5min at room temperature, forming
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the double emulsions. The particle size distribution of the double
emulsions was determined.
Drug Content

Ten capsules were weighed accurately and emptied. Content
of each capsule equivalent to 125 mg drug was taken and
volume was made up to 125 ml with ethanol. From above
solution, 1ml was taken and diluted up to 10 ml and absorbance
was taken at 281.0 nm. As per USP the drug content of nine
capsules must be within £15% to pass the test.
Visual grading
(A) Denoting a rapidly forming (within 1min) micro emulsion
that was clear or slightly bluish in appearance.
(B) Denoting a rapidly forming, slightly less clear emulsion that
had a bluish white appearance.
(C) Denoting a bright white emulsion (similar in appearance to
milk) that formed within 2 min.
(D) Denoting a dull, gray white emulsion with a slightly oily
appearance that was slow to emulsify (longer than 2min).
(E) Denoting a formulation that exhibited either poor or minimal
emulsification with large oil droplets present on the surface.
Release from SDEDDS formulations in vitro

The release of drug from the SDEDDS-Capsules was
determined using the USP type |1 dissolution test apparatus. The
dissolution test was performed using 900ml of P" 6.8 phosphate
buffer at 37 + 2°C and rotational speed of 100 rpm. 5 ml.
aliquots were withdrawn at an interval of 1hr. for 8 hrs. The
samples were replaced by their equivalent volume of dissolution
medium. The samples were analyzed at 281.0 nm by UV
spectrophotometer. The % cumulative drug release was
calculated using the equation generated from standard curve.
Stability studies

Stability study was performed by storing the ready-to-use
Vancomycin-SDEDDS (F5) in the sealed amber glass vials at 25
°C. The stability was evaluated by monitoring the time-
dependent change in appearance, viscosity, self-emulsifying
properties and double emulsion droplet size of the SDEDDS
formulation within the capsules at 0, 3 month.
Results And Discussion
Solubility studies

The self-double-emulsifying formulations consisted of
water, oil, surfactants and drug should be a clear mixture and
should have good solvent properties to allow presentation of the
drug in the mixture. The solubility results (Table 1) revealed that
Vancomycin had high aqueous solubility, and it was therefore
solubilized in the internal aqueous core of w/o emulsions, which
were the major component of self-double-emulsifying systems.
All the oils and surfactants showed poor solubility of the drug.
Among the oils tested in this study, Oleic acid was also added
because it was reported for its enhanced intestinal absorption of
drugs. Span 80 was selected as a hydrophobic surfactant due to
its good emulsion-forming ability. Furthermore, Tween 80 was
selected as a hydrophilic surfactant for its good compatibility
with the w/o emulsions.
Pseudo-ternary phase diagrams

Pseudo-ternary phase diagram was constructed to identify
the self-double-emulsifying regions for the selected vehicle (w/o
primary emulsion and Tween 80). As shown in Fig. 1, the
marked area represents the double emulsion region. It is
important to determine this area in order to ensure successful
conversation of Vancomycin-SDEDDS to double emulsion by
dilution with distilled water. Combined with surfactant different
ratios of w/o emulsion to water (from 1:9 to 9:1) spontaneously
form water-in-oil-in-water (w/o/w) double emulsions to develop
a SDEDDS formulation.
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Table 1. Solubility of Vancomycin in various vehicles

Vehicles Solubility (mg/ml)
Oil

Soya bean oil 3.54
Olive oil 3.13
Oleic acid 2.82
Castor oil 3.8
Surfactants

Span 80 9.33
Tween 80 7.33
Aqueous buffer solutions

PH1.2 198
PP 6.0 107
P 6.8 116
PP 74 210
Water 198

Table 2.Composition of formulations F1-F7

S.N. | Ingredients | F1 F2 F3 F4 F5 F6 F7
1. Vancomycin | 125mg | 125mg | 125mg | 125mg | 125mg | 125mg | 125mg
2. Lecithin 05mg | 10mg | 15mg | 20mg | 25mg | 30mg
3. Oleic acid 370mg | 360mg | 350mg | 340mg | 330mg | 320mg | 310mg
4. Span 80 120mg | 120mg | 120mg | 120mg | 120mg | 120mg | 120mg
5. Water 80mg |80mg | 80mg | 80mg | 80mg | 80mg | 80mg
6. Tween 80 40mg | 40mg | 40mg | 40mg | 40mg | 40mg | 40mg
Table 3. Percentage Deviation Allowed Under Weight Variation Test
Percent Deviation Allowed Under Weight Variation Test
Average Weight of Capsule (X mg) | Percent Deviation
X <80mg 10
80 < X <250 mg 7.5
X > 250 mg 5
Table 4. Evaluation of Formulations (F1 to F4)
Parameters F1 | F2 | F3 F4
Appearance Clear orange yellow liquid Clear orange yellow semisolid
Viscosity 1530 cp 2105 cp 2855 cp 3590 cp
Globule size (um) | ---- 8.69 10.37 12.86
Visual grading C C C C
Weight variation 735.45 £ 05.85 | 730.06 + 07.62 | 725.21 £05.23 | 720.14 + 05.68
Content uniformity | 97.45+0.25 96.69 + 0.34 99.32+0.14 98.87 +0.24

Table 5. Evaluation of Formulations (F5 to F7)

Parameters F5 | F6 | F7
Appearance Clear orange yellow semisolid

Viscosity 4330 cp 5005cp 6065cp
Globule size (um) | 13.73 14.20 15.10

Visual grading C C C

Weight variation 715.85+03.56 | 709.85+04.26 | 705.85+02.68
Content uniformity | 98.58+0.28 97.28+0.21 98.36+0.35

Table 6. Stability study of F5 formulation

Sampling time | Appearance Viscosity | Visual
Grading

0 month Orange —yellow | 4330cp C
Liquid

1 month Orange —yellow | 4422 cp C
Liquid

2 month Orange —yellow | 4499 cp C
Liquid

3 month Orange —yellow | 4565 cp C
Liquid
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Tweon80

Wator W/O emulsion

Figure 1. Ternary phase diagram for w/o emulsion, water
and Tween 80
Physical properties of different Vancomycin SDEDDS
formulations.
Release profiles of Vancomycin from SDEDDS
The in vitro drug release profile for each Formulation is

shown in Fig 2. The Graph of % Cumulative drug release v/s
Time (hr) was plotted for each Formulation and depicted as
Figure2.
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Figure 2. Dissolution profiles of formulations F2 to F7
Stability studies

Stability studies were performed on a optimized formulation
F5 for 3 month at 40°C + 2°C/75% RH £ 5% RH.
Conclusion

The present studies have clearly demonstrated the potential
utility of SDEDDS for formulating Vancomycin with sustained
release in-vitro thereby improving oral bioavailability in vivo.
The optimal formulation of the Vancomycin-SDEDDS (F5) was
successfully developed. The SDEDDS readily released the lipid
phase to form fine water-in-oil-in-water double emulsions, with
a sustained release of Vancomycin. Moreover, the SDEDDS
were found to be stable over a period of 3 months under 40°C.
This study illustrated the potential use of novel self-double-
emulsifying drug delivery systems for oral delivery drug with
high solubility and low permeability.
Following conclusions are obtained from above study:
» The use of lecithin results in increase in viscosity with an
increase in concentration.
» The amount of lecithin has significant influence on the globule
size of double emulsion.
> Lecithin provides powerful protection to entrapped globule
and controls the drug release as barrier.
> Based on the results, F5 was selected as optimum formulation
and was successfully developed.
The present study demonstrates the potential use of novel
SDEDDS for oral delivery of drugs with high solubility and low
permeability.
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