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INTRODUCTION

There are number of drugs which exhibit poor gastroin-
testinal absorption and need more attention towards impro-
vement on the oral bioavailability. To enhance solubility and
bioavailability, many techniques are developed. To promote the
apparent solubility in the gastrointestinal tract, various appro-
aches are developed which support the drug to expose for oral
administration. Several lipid based drug delivery approaches
being adopted currently out of which, lipid based self-emulsifying
drug delivery system (SEDDS) is most promising technology
because of its potential advantage of spontaneity of emulsifi-
cation and improve stabilization of bioactive materials. The
rationale for this is an observable increase in the bioavailability
of hydrophobic drugs when administered along with food,
especially fatty meal. This is attributed to the fact that fat rich
food may lead to one or more of the following such as it
stimulates bile flow and pancreatic secretions, delays gastric
emptying, change in gastrointestinal pH, enhances lymphatic
transport, enhances mesenteric and liver blood flow, increases
intestinal wall permeability and reduces efflux activity.
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In recent years, nearly 40 % newer drugs compounds are hydrophobic in nature, which is a major challenge now-a-days for oral drug |
delivering due to low aqueous solubility. Lipid based drug delivery system is one of the favourable approach for poorly soluble compounds |
which can improve the drug absorption and oral bioavailability. Due to ion-pairing with appropriate surfactant and co-surfactant the
macromolecular drug molecular oil droplet being found in the gut flow oral absorption which sufficiently stable towards lipase. Due to the |
formation of emulsified drug in micron level, it can efficiently endow the oral bioavailability. Several comprehensive papers have been |
published in the literature illustration diverse type of lipid based formulation with recent advancements. This article is based on an |
exhaustive and updated review on newer technology which out line an explicit discussion on its formulations and industrial scale up. |
|
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Further, robust formulation advantages, easier scalability
with commercial viability of various formulations such as,
norvir [1], forovase [2], efc. mentioned in Table-1 have gained
a considerable interest in the product development. It is an
isotropic mixtures in which oil (natural or synthetic), surfactants
and co-solvents or co-surfactants are incorporated to form micro-
emulsion upon mild agitation [3,4].

The digestive motility produces agitation which improves
self-emulsification and enhances the absorption of drug [5].
SEDDS gives fine emulsion from 100-300 nm while self-
microemulsion drug delivery systems (SMEDDS) produces
transparent microemulsion with a droplet size of less than 100
nm. So, this system improves the rate and extent of absorption
and bioavailability for lipophilic drug compound which have
limited dissolution rate. So, this system improves the rate and
extent of absorption and bioavailability for lipophilic drug
compound which have limited dissolution rate. Admixture of
three basic components such as oil, surfactants and co- surfactants/
co-solvents in a judicious manner leaded form SEDDS formulation.
The compatibility of oil in both surfactants, combination of
surfactants concentration and self-emulsification occur are to
be considered as given in Table-2.
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TABLE-1
A LIST OF MARKETED PRODUCTS OF ORAL LIPID-BASED SELF-EMULSIFYING FORMULATIONS

Company Compound Brand name Marketed formulation
Novartis Cyclosporine A/l Neoral® Soft gelatin capsule
Abbott Laboratories Ritonavir Norvir® Soft gelatin capsule
Hoffmann-La Roche inc. Saquinavir Fortovase® Soft gelatin capsule
GlaxoSmithKline Amprenavir Agenerase® Soft gelatin capsule
Pharmacia Valproic acid Convulex® Soft gelatin capsule
Genus Fenofibrate Lipirex® Hard gelatin capsule
Novartis Cyclosporine A/IT Sandimmune® Soft gelatin capsule
Ligand Bexarotene Targretin® Soft gelatin capsule
Roche Calcitriol Rocaltrol® Soft gelatin capsule
Abbott Laboratories Cyclosporine A/III Gengraf® Hard gelatin capsule
(Xanodyne Pharma) Diclofenac potassium Zipsor Soft gelatin capsule
(Abbott) Lopinavir and Ritonavir Kaletra Oral solution
Hoffmann-LaRoche Saquinavir Fortovase Soft gelatin capsules
(Boehringer Ingelheim) Tipranavir Aptivus Soft gelatin capsules
TABLE-2
LIPID FORMULATION CLASSIFICATION SYSTEM
Components Particle
Formulation Oil. ( triglvceri(.ies or  Surfactants Surfactants Cosolvents ‘size Qf Chamsietiies
type mixed glycerides) (<_ 12) water (> 11) water (Towlw) dispersion
(% wiw) insoluble soluble (nm)
Type I 100 Coarse Non-dispersing
Type I 40-80 20-60 - - 250-2000  SEDDS without water-soluble components
Type IIIA 40-80 - 20-40 0-40 100-250 Self microemulsifying formulation with
water-soluble excipient
Type I1IB <20 - 20-50 20-50 50-100 SMEDDS with hydrophillic components and
low oil content and low oil content
Type IV — 0-20 30-80 0-50 <50 Oil-free formulations

Excipients used in emulisfying drug delivery: The oils
and surfactants, coupled usually with cosurfactants are the integral
components of SEDDS. Depending on the relative proportion
of such functional excipients, the SEDDS have been classified
into four prime categories such as type I, type I, type III and
type IV formulations (Table-2). Type III encompassed with
the significant characterics in SEDDS and SMEDDS formu-
lations with water soluble components. However, study of lite-
rature revealed that products are primarily based on the type
III lipid-based self-emulsifying systems (i.e. containing lipids,
surfactants, and/or co-surfactants) to form SEDDS/SMEDDS
formulations. Due to high HLB (highly hydrophilic) value and
hydrophilicity, surfactants produce fine o/w droplets by which
good self emulsification and an effective absorption within
the g.i. lumen can be achieved for a prolonged period of time
[6,7]. An extensive endeavor was attempted from various litera-
tures and patents of SEDDS formulations, which are reported

to date. From the various literature search, the various articles
on self-emulsifying formulations which have been summarized
in Tables 3-6. Furthermore, it can be observed that a majority
of the formulations are based on the liquid SEDDS technology
for BCS class II and IV drugs for improving their respective
oral bioavailability.

This system has widely accepted due to great performance
in solubility and permeability improvement, lower the extensive
first pass effect by reducing gut wall metabolism [35,36]. These
formulations are considered as physically stable formulation
which is incorporated into soft or hard gelatin capsules for oral
delivery. It has been controlled intestinal permeability and pH
at the time of absorption [37]. The mechanism of drug absorption
will be improved by pre-absorptive solubilization of drug and
protection of the drug from the enzymatic degradation in the
gastrointestinal tracts [38,39]. It can be said that lipids may
increase bioavailability by reducing gastric transit time, so that

TABLE-3
EXAMPLES OF SEDDS DESIGNED FOR THE ORAL DELIVERY OF LIPOPHILIC DRUGS
List of drug Lipid Surfactants used Co-surfactant Ref.
Gliclazide Capryol 90 Transcutol-HP Tween-80 [8]
Exenatide Cremophor EL Labrafil 1944 Capmul-PG 8 and propylene glycol [9]
Rosuvastatin Oleic acid Labrafil M Labrasol and Transcutol HP [10]
Ceftriaxone Capryol 90 Kolliphor EL Kolliphor PS20 [11]
Probucol Soybean oil Labrafil M1944CS Capmul MCM-C8 [12]
Coenzyme Q10  Labrafil M 1924 and Labrafil 2125 Labrasol Lauroglycol FCC and Capryol 90 [13]
Docetaxel Capryol 90 Vitamin E TPGS Gelucire 44/14 and Transcutol HP [14]
Ontazolast A mixture of mono- and diglycerides of oleic acid Tween 80 [15]
Progesterone Ethyl oleate Tween 80 Ethanol [16]
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TABLE-4
EXAMPLES OF SMEDDS DESIGNED FOR THE ORAL DELIVERY OF LIPOPHILIC DRUGS
DI Qil Surfactant(s) Co-surfactant/Co-Solvent Ref.
compound
Vinpocetine  Ethyl oleate Solutol HS 15 Transcutol P [17]
Acyclovir Medium chain length triglycerides Macrogolglycerolhydroxystearate ~ Polyglyceryl-3-dioleate and glycerol  [18]
Osthole Castor oil Cremophor RH40 1,2-Propylene glycol [19]
Cinacalcet Ethyl oleate OP-10 PEG-200 [20]
Simvastatin ~ PEG 300 oleic glycerides, propylene glycol PEG 400 caprylic/capric Polysorbate 80 [21]
monocaprylate, propylene glycol monolaurate  glycerides
Aciclovir Medium chain length triglycerides Macrogolglycerolhydroxystearate  Polyglyceryl-3-dioleate and glycerol ~ [22]
TABLE-5
EXAMPLES OF SNEDDS DESIGNED FOR THE ORAL DELIVERY OF LIPOPHILIC DRUGS
Drug compound Oil Surfactant(s) Co-surfactant/Co-Solvent Ref.
Glyburide Cremophor® RH 40 Propanediol Miglyol® 812 [23]
Rosuvastatin Olive oil:garlic oil Tween 80 PEG 400 [24]
Halofantrine Triglyceride (LLL, LML, MLM) Maisine 35-1, Cremophor EL  Ethanol [25]
Darunavir Capmul MCM C8 Tween 80 Transcutol P [26]
Tolbutamide Oleic acid Tween 20 PEG 400 [27]
TABLE-6
LIST OF PATENTS ON SEDDS
Patent No. Publication date Patent name Ref.
US8592490B2 2013-11-26 Self-microemulsifying drug delivery systems [28]
WO02012071043A1 2012-05-31 Self micro-emulsifying drug delivery system with increased bioavailabilit [29]
WO02014009434A1 2014-01-16 Self-microemulsifying drug delivery system of abiraterone or abiraterone acetate [30]
WO02015142307A1 2015-09-24 Self-micro/nanoemulsifying drug carrying system for oral use of rosuvastatin [31]
US20050232952A1 2005-10-20 Self emulsifying drug delivery systems for poorly soluble drugs [32]
US 2007/0104740 2007-05-10 Self-micro emulsitying drug delivery of HIV protease [33]
W02002007712A3 2002-06-13 Self-emulsifying drug delivery systems for extremely water-insoluble, lipophilic drugs [34]

more time available for absorption [40]. In gastrointestinal
region, the absorption capacity is improved due to production
of intestinal mixed micelles which are stimulated by phospho-
lipid and cholesterol [41].

The presence of lipids in gastrointestinal tract stimulates
an increase in the secretion of bile salts (BS) and endogenous
biliary lipids including phospholipid (PL) and cholesterol (CH),
leading to the formation of BS/PL/CH intestinal mixed micelles
and an increase in the solubilization capacity of gastrointestinal
tract. However, intercalation of administered (exogenous) lipids
into these bile salts structures, either directly (if sufficiently polar)
or secondary to digestion, leads to swelling of the micellar
structures and a further increase in solubilization capacity [42].
As we know that intestinal permeability has not been a major
part for lipophillic drug, but the formulations have the ability
of permeation by changing biochemical barrier function and
also reducing enterocyte based metabolism.

The lipidsand surfactants, coupled usually with cosurf-
actants, are the integral components of the SEDDS. When it is
diluted, a fine emusion is formed because of lower free energy
of the system [43]. It can be formulated as microemulsion in
the range between 150-200 nm and nanoemulsion in the range
of less than 100 nm [44]. The advantages of this system are to
overcome solubility and bioavailability issues and deliver the
poorly soluble drug orally by formulating it into suitable dosage
form. Traditionally, it is formulated in solution form which
have low stability problem, drug/excipient precipitation, hand-
ling problem and a very few dosage form further, lower drug
loading and higher chances of gastrointestinal irritation, due

to the presence of large quantity of surfactants (i.e. 30-60 %)
[45].

Besides, the formulation of liquid SEDDS, filled in soft
gelatin capsules in an industrial setup, requires programmed
machinery and a colossal expenditure of resources. At times,
the SEDDS also pose stability issues such as leaching of liquid
oily formulations out of the capsules and problems of poor
portability during handling and transport [46]. Thus, the chall-
enges associated with liquid or semisolid drug delivery opening
a new horizon for developing recent techniques in lipid based
drug delivery. Supersaturable SEDDS (SS-SEDDS) and solid
SEDDS (S-SEDDS) are the recent innovation to cater the draw-
back of the previous formulations.

Supersaturable SEDDS (SS-SEDDS): The SS-SEDDS
is a thermodynamically stable formulation in which small
amount of surfactant (0-20 %) and a hydrophilic polymer are
incorporated to prevent precipitation and maintained a super-
saturated state in vivo. When it is adminstered, an driving force
for transit into and across the biological barrier is arise which
prevents the precipitation and increase the thermodynamic
activity of the drug [47]. It has been improved oral absorption
as compared to SEDDS. Side-effect of surfactant can be mini-
mized at the gastrointestinal region. It provides significantly
high intraluminal concentration of the drug and enhances the
intestinal absorption. Recently, some published articles on super-
saturated self-emulsifying drug delivery system are summarized
in Table-7. Supersaturable formulation of paclitaxel dutasteride
was developed by using HPMC and soluplus as precipitation
inhibitor [48].
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TABLE-7

DIFFERENT SUPER SATURABLE SEDDS
Drug Polymer Ref.
Paclitaxel HPMC [48]
Kiill oil HPMC [49]
Tacrolimus Soluplus [50]
Dutasteride Soluplus [51]
AMG 517 HPMC [52]
Fenofibrate Soluplus [53]
Docetaxel HPMC [54]

Solid SEDDS: Solid SEDDS are prepared by solidifica-
tion of liquid/semi-solid self emulsifying ingredients into powders,
granules, nanoparticles by using suitable carrier and applying
different solidification technique e.g. adsorption to solid carrier,
spray drying, melt-extrusion and nanoparticle technology, efc.
In recent year, S-SEDDS has been introduced as an effective
and alternative to conventional liquid SEDDS. After solidifi-
cation, it can be further processed into solid dosage form. It is
more effective than liquid self emulsifying formulation due to
high stability, ease handling, more portable, very compact with
high reproducibility. Solid self-emulsifying formulation of
Earlotinib [55], Neusilin® US [56] and Paclitaxel [57] was
developed and were found more efficient than liquid self emul-
sifying formulation. So different solidification technique has
been developed by which liquid self emulsifying formulation
is converted into solid dosage form.

Solidification technique for transforming liquid self
emulsifying formulation to solid SEDDS: Solid self-emulsi-
fying formulations are prepared by incorporating inert material(s)
as a part of liquid or semi-solid self-emulsifying formulations.
These formulations are prepared by following techniques:

Capsule filling technique: Both liquid and semi-solid
self emulsifying formulations are encapsulated at the molten
state and sealed by microspray sealing [58]. Advancement in
capsule filling technology, liquid oros technology which is
based on osmotic principles has been designed for delivery of
peptides. When it contacts with water ,it expands and drug is
pumped through an orifice [59]. A primary consideration in
capsule filling is the compatibility of the excipients with the
capsule shell. The liquid/semi-solid lipophilic vehicles comp-
atible with hard capsules were listed by Cole et al. [60]. The
advantages of capsule filling are simplicity of manufacturing;
suitability for low-dose highly potent drugs and high drug
loading (up to 50 % (w/w)) potential.

A primary consideration in capsule filling is the compati-
bility of the excipients with the capsule shell. The liquid/semi-
solid lipophilic vehicles compatible with hard capsules were
listed by Tang et al. [61]. This technique is suitable for highly
potent drugs and can load upto 50 % (w/w) potential.

Extrusion-Spheronization: It is one of the efficient techniques
for production of pellets. The pellets are prepared by four process
i.e. granulation procedure, extrusion of extrudate, spheronization
of extrudate into uniform size of pellets and finally drying
[61]. Manufacturing is carried out using two piece equipments
called extruder- spheronizer. Extruder consists of a die through
which material is forced with the help of single or twin screw,
and shaped into cylinders of uniform length. Spheronizer is
equipped with a bowl having fixed side walls and rapidly rotating

bottom plate. The bottom plate is generally grooved to provide
the equipment-particle interactions for rounding the cylindrical
pellets. Extruder screen size, speed, geometry, diameter of spher-
onizer plate, load of extrudates on spheronizer plate and moisture
content in the extrudates, are the factors affecting physical prop-
erties of pellets obtained by the process of extrusion spheroni-
zation [62].

The main advantage of this process is to produce high level
of production of pellets with good flow and low friability [63].

Melt granulation: Melt granulation is also called as a
thermoplastic pelletization [64]. In melt granulation, the granu-
lating fluid is the molten material, which when mixed with other
components of formulation produces agglomerated powder.
It results in solidified mass upon cooling, thus completing the
process ofgranulation. Melt granulation is a process in which
powder agglomeration is obtained through the addition of a
binder that melts or softens at relatively low temperatures. As
a 'one-step' operation, melt granulation offers several advan-
tages compared with conventional wet granulation, since the liquid
addition and the subsequent drying phase are omitted. Moreover,
it is also a good alternative to the use of solvent.

The main parameters that control the granulation process
are impeller speed, mixing time, binder particle size and viscosity
of the binder. Lipid-based excipients evaluated for melt granu-
lation to create solid SES include lecithin, partial glycerides,
or polysorbates. The melt granulation process was usually used
for adsorbing SES (lipids, surfactants and drugs) onto solid
neutral carriers (mainly silica and magnesium aluminometa
silicate) [65].

Essentially, this technique involves the preparation of a
formulation by mixing lipids, surfactants, drug, solid carriers
and solubilization of the mixture before spray drying. The
solubilized liquid formulation is then atomized into a spray of
droplets. The droplets are introduced into a drying chamber,
where the volatile phase (e.g. the water contained in an emulsion)
evaporates, forming dry particles under controlled temperature
and airflow conditions. Such particles can be further prepared
into tablets or capsules [66]. The atomizer, temperature, the
most suitable airflow pattern and the drying chamber design
are selected according to the drying characteristics of product
and powder specification.

Spray drying: Industrially, it is a very useful approach
in which liquid self emulsifying formulation is transformed
into solid self emulsifying formulation. Such systems not only
improve the formulation stability, but subsequently augment
the biopharmaceutical performance, too. Solid hydrophilic
polymers such as microcrystalline cellulose (MCC), hydroxy-
propylmethylcellulose (HPMC), hydroxypropyl cellulose (HPC)
and hydrophobic polymer (e.g., crosspovidone) are commonly
used as carriers for preparing the spray-dried SEsystems.

Another example of the composition prepared by spray
drying is nimodipine SMEDDS, which uses dextran as a solid
carrier. Emulsion containing nimodipine, dextran, cremophor
RH40 and labrasol was spray dried to produce solid SMEDDS.
The SMEDDS prepared by the method of spray drying has
been disclosed in the patent EP2101729A1 [67]. The aqueous
solution of drug (candesartan cilexetil, celecoxib, sirolimus,
lercanidipine hydrochloride or eprosartan mesylate), poly-
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oxyethylene sorbitan fatty acid ester, fatty acid ester, oil, and
a solid support, e.g., polyvinylpyrrolidone (PVP) or lactose
was prepared. The resulting solution was then spray dried to
prepare a SMEDDS [67].

Lyophilization: Lyophilization allows sublimation of the
frozen aqueous phase present in liquid SE formulations at
reduced temperature and pressure to obtain the powder, which
on reconstitution with aqueous phase produces a fine micro-
emulsion/nanoemulsion. Cryoprotectants such as mannitol,
dextrose, lactose and trehalose are generally added during lyophil-
ization, and act as bulk formers and help in the formation of a
flowable dry powder.

The lyophilized SEDDS have the advantages of better drug
stability, enhanced efficacy and improved patient compliance.
Lyophilization can be successfully applied to drugs that are
sensitive to temperature, oxygen and/or air. Patent EP2101729A1
describes the solid SMEDDS prepared by lyophilization. The
concentrate containing a drug, emulsifier, co-emulsifier, and
oil is mixed with the aqueous solution of solid support, which
is then solidified by the process of lyophilization [68].

Adsorption on solid support: In this process, solid carrier
plays an important role to adsorb large quantity of self emul-
sifying formulation and converted it into free flowing powder
[69]. Calcium silicate, silicon dioxide, magnesuim alumino
metasilicate, carbon nanotubes, lactose, fumed silica under
trade name Aerosil 200, 300 and R972, mesoporous silica gel
under trade name Syloid XDP, Syloid 244FP, micronized amor-
phous silica under trade name Sylysia and magnesium alumino
metasilicate under trade name Neusilin, silicon dioxide has
been used recently [70]. Recent literature reflects for the appli-
cation of silicates such as silicon dioxide (e.g. Aerosil), aluminum
silicate and its derivatives (e.g. Sylysia and Neusilin), calcium
silicate (e.g. Florite and Hubersob), micronized porous silica
gel (e.g. Syloid), and precipitated silica (e.g. Neosyl) as the
porous carriers for adsorption of the liquid oily formulations
[10]. Kallakunta et al. [71] formulated the solid SE powder of
lercanidipine and reported the effectiveness of Sylysia and
Neusilin in improving the micromeritics and formulation charac-
teristics of SE liquid formulations. Beg et al. [72] reported 3-
to 3.5-fold enhancement in the oral bioavailability employing
solid self-emulsifying granules of ondansetron using Sylysia
350 and Neusilin US2 as the solidifying agents.

The liquid formulation consisting of poorly soluble active
agent, water soluble non-ionic water miscible surfactant, a water-
immiscible lipid-soluble surfactant and a fatty acid mono- or
di-glyceride was adsorbed onto the porous particulates. The
active agent includes CoQ10, vitamin A, vitamin D, vitamin
E, vitamin K, lycopene, lutein, resveratrol and ginseng extract
or their mixtures. The porous particulates were selected from
the group consisting of calcium hydrogen phosphate, alumino-
metasilicate, and silicon dioxide [73].

Recent advancements in sedds

Self-emulsifying formulations take different forms depen-
ding upon the purpose and principle of the drug delivery system.
The developments in the solid self-emulsifying technologies
are discussed below:

Self-emulsifying controlled-release (CR) tablet: This
tablet (SECRET) is a newer technological improvement in the

area of S-SEDDS for achieving controlled drug release profile.
SECRET is a patented proprietary platform technology developed
by AlphaRx Inc. (San Diego, California, United States), where
liquid SE formulations are converted into tablets by adsorbing
onto the surface of rate-controlling polymers such as HPC, HPMC,
etc. [74].

An eutectic based self-microemulsifying tablet of coen-
zyme Q10 was prepared by Nazzal and Khan [75]. They had
evaluated effect of solid carrier i.e. colloidal silica and magnesium
stearate and compression force on hardness and dissolution
of controlled release tablet of coenzyme Q10. It was also found
that the solid carriers and compression force were in optimum
level [76]. Tacrolimus was developed as gastroretentive SR
tablet by using polyethylene oxide, chitosan, poly(vinyl pyrol-
lidone) and mannitol as solid carrier. It was proved that this
tablet enhance the oral bioavailability of tacrolimus [76]. The
SE tablets of carvedilol containing HPMC, MCC and aeroperl
as tableting excipients have been reported to result in substantial
augmentation of in vitro drug uptake in HCT-116 cell lines
plausibly due to the inhibition of P-gp efflux [77]. Nekkanti
et al. [78] demonstrated the potential of solid SMEDDS tablets
of candesartan cilexetil in significant enhancing the rate and extent
of drug dissolution and consequently, the oral bioavailability
[79].

Self-emulsifying sustained-release (SR) pellets: It is a
suitable dosage form for sustained release due to their smooth
spherical shape and narrow size distribution. It reduces intra-
subject and inter-subject variability of plasma profiles and G.I.
irritation without affecting drug bioavailability [79]. A self-
emulsifying controlled release pellets were prepared by Serratoni
et al. [80]. They had incorporated self-emulsifying excipients
to prepare self-emulsifying pellets and coated the pellets with
water insoluble polymer which retard the rate of drug release.
They had concluded that due to presence of polymer film, the
rate of drug release was controlled which was not affected by
excipients. Another report on sustained release matrix pellets
in which gelucire 54/02 and gelucire 70/02 were used [81].

Self-emulsifying SR microspheres: Quasi-emulsion
solvent diffusion method of spherical crystallization technique
is used for preparing self emulsifying sustained release micro-
sphere. A sustained release microsphere was prepared by using
zedoary turmeric oil (ZTO) as oil phase which exhibited potent
pharmacological actions. The ratio of hydroxypropyl methyl
cellulose acetate succinate to Aerosil 200 was used to control
the release behaviour of ZTO in the formulation. Finally, it
was concluded that such microspheres had shown maximum
bioiavailability as compared to conventional formulation [82].

Self-emulsifying nanoparticles: These are prepared by
solvent injection technique in which liquid formulation is injected
dropwise into a stirred non-solvent. Then they are filtered and
dried. An another technique to prepare nanoparticles is soni-
cation emulsion diffusion evaporation technique in which the
mixture of polylactide co-glycolide (PLGA) and O-carboxy-
methy] chitosan (O-CMC) were used. The nanoparticles provide
controlled release profile of drug delivery and improved stability
in gastric fluid, along with enhanced oral bioavailability. Such
formulations produce o/w microemulsions in sifu on coming
in contact with GI fluids. 5-Fluorouracil and paclitaxel are
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some of the examples of drugs that have recently been reported
to be constituted as SE nanoparticulate systems for exploring
their oral bioavailability enhancement. Holmberg and Siekmann
[83] prepared the SE nanoparticles of 5-fluorouracil employing
PLGA/O-carboxymethyl chitosan by solvent evaporation
technique and observed significantly enhanced cellular uptake of
drug through the intestinal lymphatic pathways, lower cytoto-
xicity, and remarkable reduction in the gliomas as evident from
MTT assay, TUNNEL technique and immunohistochemical
staining. The SE nanoparticles of paclitaxel by emulsion solvent
evaporation using chitosan and glyceryl monooleate were obser-
ved to exhibit fourfold increase in the cellular uptake of drug
and significantly lower cytotoxicity through MTT assay [84].

An eutectic based selfnano-emulsifying formulation was
prepared by Nazzal et al. [85] and studied the dug release mech-
anism by turbidimetric analysis and droplet size analysis. They
had shown that the formulation can overcome the low solubility
and irreversible precipitation formed in conventional formula-
tion. Bakerman et al. [86] had prepared cyclosporin lipid nano-
particle by using phospholipid, span 80, Tween 80, tricaprin
and cremophor RH 40. The conclusion was that nanoparticles
had shown maximum oral bioavailability. In 2010, Nepal ez al.
[87] had prepared nanoemulsion in which the surfactants and
co-surfactants was mixed at the ratio of 1:4 which provide a
sufficient mechanical barrier to coalescence oil droplets. Koynova
and Tihova [88] had prepared self-nanoemulsifying formu-
lation by using nanosized SE lipid vesicles as carriers. They
had suggested that it can be a good alternative for formulation
which overcome the stability, sterilization problem and non-
reproducibility between batches.

Self emulsifying beads (non-oral): These are prepared
by incorporating very small amount of excipients into solid
dosage form. Patil and Paradkar [89] had utilized solvent
evaporation method for loading of self emulsifying liquid into
micro channels of porous polystyrene beads. It was found that
porous polystyrene beads was considered as potential carrier
for solidification. Due to its uniform bead size and pore archit-
ecture, the loading efficiency and in vitro drug release was maxi-
mum. Floating alginate self-emulsifying beads of tetrahydro-
curcumin by using different propertion of sodium alginate,
calcium chloride and water soluble pore former. It was concluded
that gastric residence time was increased due to floating
properties [90].

SE suppository formulations (non-oral): The drugs which
cannot reach the maximum theraputic concentration by oral
route, these drugs are formulated by incorporating self-
emulsifying excipients into selfemulsifyingsuppositories [91].
Glycyrrhizin, for the treatment of chronic hepatic diseases can-
not achieve maximum theraputic level orally. But when it is
formulated as vaginal or rectal SE suppositories by using a
mixture of a C6-C18 fatty acid glycerol ester and a C6-C18
fatth acid macrogol ester. It was found that the maximum thera-
peutic concentration was achieved [92].

SE mucoadhesive systems: These formulations majorly
contain drug dissolved within the lipidic excipients along with
mucoadhesive polymers such as acacia, tragacanth and lecithin,
which undergo emulsification on contact with mucosal surface
to produce fine o/w microemulsions/ nanoemulsions. The SE

mucoadhesive formulations containing glyceryl monostearate
and cremophor RH40, along with mucoadhesive polymers such
as acacia and lecithin, have been reported for augmenting oral
bioavailability of cannabnoids, ascribable to increase in GI
residence time of the formulation [92].

Self-emulsifying transdermal systems (non-oral): The
potential of SEDDS for transdermal delivery has not yet been
fully explored. However, it has been proposed that the SE
formulations can enable the transdermal delivery of hydro-
lyzable drugs undergoing extensive hepatic first-pass effect.
These systems undergo phase inversion on when attached with
excretatory fluid of the skin to produce supersaturated system
This phenomenon of inversion generates the driving force,
(i.e. flux) for transdermal delivery of drugs through stratum
corneum to enhance its systemic availability [93]. Of late, the
method of preparation of self-emulsifying matrix systems
containing long-chain unsaturated fatty acids and fatty alcohols
for transdermal delivery of flubiprofen has been patented for
its improved therapeutic performance. In another report nearly
1.2-fold increase in the flux across rat skin for SE transdermal
systems of indomethacin was observed over conventional
microemulsions [94].

Self-emulsifying ocular systems (non-oral): Recently,
the SEDDS have demonstrated their immense utility for ocular
delivery system for the treatment of pathological disorders
such as choroidal neovascularization, macular degeneration,
edema, uveitis, diabetic retinopathy, efc. A formulation of ultra-
fine and stable SE oily formulations of NSAIDs containing
Polyox-40 castor oil, Lumulse GRH40 and Tween 80 has been
patented for opthalmic application [95]. The SE formulation
of cyclosporine and rapamycin containing phosphatidylcho-
line, PEG 400 and Nikkol HCO-35 exhibited 10-fold more
effective as compared with opthalmic preparation for the treatment
of neovascularization [96].

Self-double emulsifying drug delivery systems
(SDEDDS): SEDDS is applied for the solubility and oral absor-
ption for improvement. Self-double emulsifying drug delivery
system (SDEDDS) is applied to drug having high solubility
and low permeability. After dissolution, permeability is a major
and important factor which affects the oral absorption of drug.
So w/o/w and o/w/o are double emulsions in which drugs are
encapsulated at the innermost phase to release the drug for prol-
onged time. Wang et al. [97] had developed topical hydrogel
which is vitamin C loaded loaded self double emulsifying formu-
lation which is used topically. Industrially, it is used limited
due to its instability. But Hu et al. [98] had developed a novel
SDEDDS preparation by formulating hydrophillic surfactants
with w/o emulsion. They had concluded that SDEDDS of a
peptidomimetic drug can be delivered. Another formulation
was prepared to improve EPGCG photostability which possess
sustained release behaviour. Epigallocatechin 3-gallate (EGCG)
and a-lipoic acid was used for preparing SDEDDS formulation
[99]. Another new formulation was investigated named as o/o/w
double emulsion which is automatically formed after dilution
in aqueous phase. Drugs are mainly encapsulated in the innermost
oil phase [100].

Eutectic based self-emulsifying formulations: In this
kind of drug delivery system, highly lipophilic drug can be
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melted at body temperature by inclusion of an eutectic agent.
Sometimes, the eutectic agent can be a lipid phase that does not
melt at body temperature leaving the drug alone in the molten
state at or below body temperature. The molten drug is then
emulsified by surfactant and cosurfactant. Nazzal and Khan
[74] reported improved drug stability and superior physio-
chemical performance for eutectic SNEDDS of a coenzyme
Q10 containing mixture of volatile oils such as menthe oil,
anise oil, peppermint oil, and spearmint oil using surfactants
such as Cremophor 35RH and Capmul MCM .

Charged self-emulsifying formulations: Enhancement
of bioavailability of drug through developments in self-emulsi-
fying formulations is based on increasing drug solubility, modi-
fying biochemical and physical barrier function and promoting
lymphatic drug absorption, As GI absorptive cells carry a negative
charge and charge carried by formulation may affect the absor-
ption of drug. Positively charged self-emulsifying compositions
exhibit enhanced bioavailability than negatively charged compo-
sitions. One example of positively charged SEDDS is ibuprofen
SEDDS prepared from ethyl oleate as an oil, oleyl amine as a
cationic lipid, and Tween 80:Span 80 (3:1) as surfactants. This
system showed highest absorption than negatively charged
SEDDS and pure drug in in vitro GI absorption studies [101].

Application of SEDDS in plant and herbal drugs: Rece-
ntly, research has been focused on development and utilizing
herbal drugs in SEDDS preparation. Herbal drugs are widely
used in the east region, which can be used in allregions. SEDDS
is a thermodynamically stable formulation in which herbal drugs
which has hydrophobic properties and poor distribution can
be incorporated. This system can spontaneously form oil in
water micro or nano-emulsion which can overcome the solubility,
bioavailability and instabilty problem of a poorly soluble herbal
drugs [102].

In present research, by utilization of herbal drugs, Yen et al.
[103] and Cui et al. [104] had developed polymeric nano-
particles, Sierant et al.[105] had developed nanocapsules, Zhou
etal.[106] and Khan et al. [107] had developed liposomes, Li
et al. [108] had developed solid lipid nanoparticles, Wei et al.
[109] had developed nanoemulsion and enhanced solubility,
bioavailability, pharmacological activity, stability, tissue
macrophages distribution, sustained delivery of drugs and
protection from physical and chemical degradation. Cai et al.
[110] had demonstrated that by using herbal drugs self emul-
sifyingdrug delivery system can be more useful and effective.
So for this system plant drugs are selected whose oral absor-
ption can be enhanced by using self emulsifying excipients.
Before proceeding to the formulation, preformulation studies
of herbal drugs and with excipients should be done. In this review,
present research emphasize on the development of SEDDS,
effect of excipents and poorly water soluble phytoconstituents
[111].

Conclusion

SEDDS is considered as best approach for the formulation
of drug compounds with poor aqueous solubility. Still this
system is not very widespread due to its physical and chemical
stability issues. In this review, various formulations have been
developed which can reduce the stability issues. Oral SET,
self nanoemulsifying and self microemulsifying system have

offered advantages in drug delivery. Also this review emph-
asizes on some new solidification technique which convert
the liquid or semi-solid formulation into powder, granule which
can be further processed into different dosage form like compr-
essed tablet, capsules, pellets, efc.
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