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Self-emulsifying drug delivery systems are a vital tool in solving low bioavailability issues of poorly

soluble drugs. Hydrophobic drugs can be dissolved in these systems, enabling them to be administered as

a unit dosage form for per-oral administration. When such a system is released in the lumen of the

gastrointestinal tract, it disperses to form a fine emulsion (micro/nano) with the aid of GI fluid. This leads

to in situ solubilization of drug that can subsequently be absorbed by lymphatic pathways, bypassing the

hepatic first-pass effect. This article presents an exhaustive account of various literature reports on

diverse types of self-emulsifying formulations with emphasis on their formulation, characterization and

in vitro analysis, with examples of currently marketed preparations.
Nearly half of the new drug candidates that reach formulation

scientists have poor water solubility, and oral delivery of such

drugs is frequently associated with low bioavailability [1,2]. To

overcome these problems, various formulation strategies have

been exploited, such as the use of surfactants, lipids, permeation

enhancers, micronization, salt formulation, cyclodextrins, nano-

particles and solid dispersions. The availability of the drug for

absorption can be enhanced by presentation of the drug as a

solubilizate within a colloidal dispersion [3].

Much attention has focused on lipid solutions, emulsions and

emulsion preconcentrates, which can be prepared as physically

stable formulations suitable for encapsulation of such poorly

soluble drugs. Emulsion systems are associated with their own

set of complexities, including stability and manufacturing pro-

blems associated with their commercial production. Self-emulsi-

fication systems are one formulation technique that can be a

fitting answer to such problems [4].

Self-emulsifying drug delivery systems (SEDDS) are isotropic

mixtures of drug, lipids and surfactants, usually with one or more

hydrophilic cosolvents or coemulsifiers [5]. Upon mild agitation

followed by dilution with aqueous media, these systems can form

fine (oil in water) emulsion instantaneously. ‘SEDDS’ is a broad

term, typically producing emulsions with a droplet size ranging
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from a few nanometers to several microns. ‘Self-microemulsifying

drug delivery systems’ (SMEDDS) indicates the formulations

forming transparent microemulsions with oil droplets ranging

between 100 and 250 nm. ‘Self-nano-emulsifying drug delivery

systems’ is a recent term construing the globule size range less

than 100 nm [6].

Suitable drug candidate identification for SEDDS
One of the primary challenges to any oral formulation design

program is maintaining drug solubility within the gastrointestinal

tract and, in particular, maximizing drug solubility within the

prime absorptive site of the gut [7]. For lipophilic drug compounds

that exhibit dissolution-rate-limited absorption, SEDDS can offer

an improvement in rate and extent of absorption, resulting in

reproducible blood time profiles. Logically speaking, however, use

of SEDDS can be extended to all four categories of biopharmaceu-

tical classification system (BCS) class drugs [6]. These systems can

help in solving the under-mentioned problems of all the categories

of BCS class drugs, as depicted in Table 1.

Lipinski’s rule of five has been widely proposed as a qualitative

predictive model for oral absorption trends. In the discovery

setting, the ‘rule of five’ predicts that poor absorption or poor

permeation is more likely when there are more than five H-bond

donors, there are more than ten H-bond acceptors, the molecular

weight >500 and the calculated log P > 5.
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TABLE 1

Application of SEDDS in various BCS category drugs

BCS class Problems

Class I Enzymatic degradation, gut wall efflux

Class II Solubilization and bioavailability

Class III Enzymatic degradation, gut wall efflux and bioavailability

Class IV Solubilization, enzymatic degradation, gut wall efflux

and bioavailability
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The question arising is whether solubility and log P are suffi-

cient to identify potential drug candidates for such formulations.

Although classification systems such as the BCS and Lipinski’s rule

of five are useful, particularly at the initial screening stage, they

have limitations. It is considered that the rule of five only holds for

compounds that are not substrates for active transporters, and

with increasing evidence suggesting that most drugs are substrates

for some efflux or uptake transporters, this limitation might be

notable. Aqueous solubility and/or log P alone are unlikely to be

sufficient for identifying the suitability of a lipid-based formula-

tion approach because they do not adequately predict potential in

vivo (i.e. physiological) effects.

It has been found that individually, these poorly water-soluble

compounds, which are generally classified as ‘lipophilic’, behave

differently in similar vehicles, thus highlighting the need to assess

candidate compounds on an individual basis.

Lipid Formulation Classification System
The Lipid Formulation Classification System was introduced as a

working model in 2000 [3], and an extra ‘type’ of formulation was

added in 2006. The main purpose of the Lipid Formulation Classi-

fication System is to enable in vivo studies to be interpreted more

readily and, subsequently, to facilitate the identification of the most

appropriate formulations for specific drugs (i.e. with reference to

their physicochemical properties) [8]. Table 2 indicates the funda-

mental differences between types I, II, III and IV formulations [9].

Regulatory aspects of lipid excipients
Initially excipients were considered inert substances that would be

used mainly as diluents, fillers, binders, lubricants, coatings, sol-

vents and dyes in the manufacture of drug products. Over the
TABLE 2

The Lipid Formulation Classification System: characteristic features,

Formulation Excipients Properties

Type I Oils without surfactants

(e.g. tri-, di- and monoglycerides)

Nondispersing, requires dige

Type II Oils and water-insoluble surfactants SEDDS formed without wate

soluble components

Type III Oils, surfactants and cosolvents

(both water-insoluble and
water-soluble excipients)

SEDDS/SMEDDS formed with

water-soluble components

Type IV Water-soluble surfactants and

cosolvents (no oils)

Formulation disperses typica

to form a micellar solution
years, however, advances in pharmaceutical science and technol-

ogy have facilitated the availability of a wide range of novel

excipients. It is now recognized that not all excipients are inert

substances and some might be potential toxicants [10].

In the United States, the Food and Drug Administration (FDA)has

published listings in the Code of Federal Regulations for Generally

Recommended as Safe (GRAS) substances that are generally

recognized as safe (http://www.fda.gov/Food/FoodIngredients

Packaging/GenerallyRecognizedasSafeGRAS/default.htm). Over

the years, the Agency has also maintained a list entitled ‘Inactive

Ingredient Guide’ for excipients that have been approved and

incorporated in marketed products (http://www.accessdata.fda.

gov/scripts/cder/iig/index.cfm). This guide is helpful in that it

provides the database of allowed excipients with the maximum

dosage level by route of administration or dosage form for each

excipient. For new drug development purposes, once an inactive

ingredient has appeared in an approved drug product for a parti-

cular route of administration, the inactive ingredient is not

considered new and might require a less extensive review the

next time it is included in a new drug product. In this context, the

FDA has published a guidance document for industry on the

conduct of nonclinical studies for the safety evaluation of new

pharmaceutical excipients [11].

Existing human data for some excipients can substitute for

certain nonclinical safety data. In addition, an excipient with

documented prior human exposure under circumstances relevant

to the proposed use might not require evaluation with a full

battery of toxicology studies. There is no process or mechanism

currently in place within the FDA to independently evaluate the

safety of an excipient.

For a drug or biological product subject to premarketing

approval, their excipients are reviewed and approved as ‘compo-

nents’ of the drug or biological product in the application. This is

particularly true for lipid excipients, in view of their distinct

physicochemical properties and the potential complex interac-

tions with other ingredients or the physiological environment

that might occur in vivo. In addition, oils can turn into severe

cytotoxic agents when reduced to nano range in situ (as in the case

of self-nano-emulsifying drug delivery systems), so scientists must

be very careful while using oils in such systems. Surfactants can

also be a source of severe gastrointestinal tract (GIT) irritation if

used in higher concentrations.
pros and cons of the four essential types of ‘lipid’ formulations

Pros Cons

stion GRAS status; simple; excellent

capsule compatibility

Formulation has poor solvent

capacity unless drug is highly
lipophilic

r- Unlikely to lose solvent capacity

on dispersion

Turbid o/w dispersion

(particle size 0.25–2 mm)

Clear or almost clear dispersion;

drug absorption without digestion

Possible loss of solvent capacity

on dispersion; less easily digested

lly Formulation has good solvent

capacity for many drugs

Likely loss of solvent capacity

on dispersion; might not be

digestible
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Formulation of SEDDS
The SEDDS formulation should instantaneously form a clear

dispersion, which should remain stable on dilution. The hydro-

phobic agent remains solubilized until the time that is relevant for

its absorption [12]. Silva et al. [13] found that two main factors,

small particle size and polarity of resulting oil droplets, determine

the efficient release of the drug compounds from SEDDS. In o/w

microemulsions, however, the impact of polarity of oil droplets is

not considerable because the drug compound incorporated

within the oil droplets reaches the capillaries. Isotropic liquids

are preferable to waxy pastes because if one or more excipient(s)

crystallize(s) on cooling to form a waxy mixture, it is very difficult

to determine the morphology of the materials and, most impor-

tantly, the polymorphism properties of the drug within the

wax. As a general rule, it is sensible to use the simplest effective

formulation, restricting the number of excipients used to a

minimum.

Screening of excipients for SEDDS
With a large variety of liquid or waxy excipients available, ranging

from oils through biological lipids and hydrophobic and hydro-

philic surfactants to water-soluble cosolvents, there are many

different combinations that could be formulated for encapsulation

in hard or soft gelatin or mixtures that disperse to give fine

colloidal emulsions. The following points should be considered

in the formulation of a SEDDS: (i) the solubility of the drug in

different oil, surfactants and cosolvents and (ii) the selection of oil,

surfactant and cosolvent based on the solubility of the drug and

the preparation of the phase diagram. The backbone of SEDDS

formulation comprises lipids, surfactants and cosolvents. The

right concentration of the above three decides the self-emulsifica-

tion and particle size of the oil phase in the emulsion formed.

These ingredients are discussed below.

Lipids. Lipid is a vital ingredient of the SEDDS formulation. It

can not only solubilize large amount of lipophilic drugs or facil-

itate self-emulsification but also enhance the fraction of lipophilic

drug transported via intestinal lymphatic system, thereby increas-

ing its absorption from the GIT [14,15].

Natural edible oils, comprising medium-chain triglycerides, are

not frequently preferred in this regard owing to their poor ability

to dissolve large amounts of lipophilic drugs [16]. Modified long-

and medium-chain triglyceride oils, with varying degrees of

saturation or hydrolysis, have been used widely for the design

of SEDDS [17]. These semisynthetic derivatives form good emulsi-

fication systems when used with a large number of solubility-

enhancing surfactants approved for oral administration [18,19].

Surfactants. A surfactant is obligatory to provide the essential

emulsifying characteristics to SEDDS. Surfactants, being ampiphi-

lic in nature, invariably dissolve (or solubilize) high amounts of

hydrophobic drug compounds. The two issues that govern the

selection of a surfactant encompass its hydrophilic–lipophilic

balance (HLB) and safety. The HLB of a surfactant provides vital

information on its potential utility in formulation of SEDDS. For

attaining high emulsifying performance, the emulsifier involved

in formulation of SEDDS should have high HLB and high hydro-

philicity for immediate formation of o/w droplets and rapid

spreading of formulation in aqueous media in this context. It

would keep drug solubilized for a prolonged period of time at
960 www.drugdiscoverytoday.com
the site of absorption for effective absorption, so precipitation of

drug compound within GI lumen is prevented [20,21].

A range of industrial nonionic surfactants were screened for

their ability to form SEDDS with medium-chain and long-chain

triglycerides by Pouton and Porter [8] and Werkley et al. [22], using

subjective visual assessment.

Cosolvents. Usually, the formulation of an effective SEDDS

requires high concentrations of surfactant. Accordingly, cosol-

vents such as ethanol, propylene glycol and polyethylene glycol

are required to enable the dissolution of large quantities of hydro-

philic surfactant. The lipid mixture with higher surfactant and

cosurfactant:oil ratios leads to the formation of SMEDDS [23,24].

Alcohol and other volatile cosolvents have the disadvantage of

evaporating into the shell of soft or hard gelatin capsules, leading

to precipitation of drug.

Mechanism of self-emulsification
According to Reiss [25], self-emulsification occurs when the

entropy change that favors dispersion is greater than the energy

required to increase the surface area of the dispersion. The free

energy of the conventional emulsion is a direct function of the

energy required to create a new surface between the oil and water

phases and can be described by the equation:

DG ¼ SNi pri2S (1)

where DG is the free energy associated with the process (ignoring

the free energy of mixing), N is the number of droplets of radius r

and S represents the interfacial energy. The two phases of emulsion

tend to separate with time to reduce the interfacial area and,

subsequently, the emulsion is stabilized by emulsifying agents,

which form a monolayer of emulsion droplets, and hence reduces

the interfacial energy, as well as providing a barrier to prevent

coalescence [17,26].

In vitro dissolution problems for poorly water-soluble
drugs
Traditionally, dissolution testing has fulfilled two principal func-

tions. As a mechanism to control quality, dissolution is a sensi-

tive, reproducible and straightforward test that can be used to

effectively monitor batch-to-batch variability and ensure bioe-

quivalence once bioavailability has been established [27].

In some circumstances, in vitro dissolution can be used as a

surrogate indicator of the likely in vivo dissolution profile and,

therefore, as a tool to predict the extent of absorption where

dissolution is limiting [28,29]. The principal determinants of the

dissolution rate of a poorly water-soluble compound, however,

are the degree of wetting and extent of drug solubility in the

intestinal contents.

The use of simple aqueous media to assess the dissolution profile

of poorly water-soluble drugs is often limited by the low intrinsic

aqueous solubility of the drug (and, therefore, difficulty in main-

taining sink conditions), which – when coupled with analytical

sensitivity and logistical issues such as drug binding to filters – can

make reproducible dissolution assessment difficult. These pro-

blems can be overcome, especially for dissolution tests principally

designed to perform a quality control function, by using nonaqu-

eous dissolution media or simple surfactant solutions. Similarities

between these media and the likely gastrointestinal environment,
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however, are limited. To improve the accuracy of in vivo dissolu-

tion prediction using in vitro dissolution, several studies have

developed and defined modified dissolution media that more

accurately reflect the solubilization power of the in vivo GI tract.

The components of these various dissolution media have been

modeled primarily on the likely levels of endogenous bile salts and

phospholipids in the fasted and postprandial intestine [30,31].

Although for many poorly water-soluble compounds, solubi-

lity in the stomach is not sufficient for appreciable dissolution to

occur before gastric emptying, for some compounds (and parti-

cularly for weak bases), the stomach is the principal site of dis-

solution. In these circumstances, simulated gastric fluid, as

described in the United States Pharmacopoeia (USP) (2 g NaCl,

3.2 g pepsin, 7 ml HCl, H2O to 1000 ml, pH 1.2), can be used to

simulate fasted gastric conditions, and homogenized long-life

milk (3.5% fat, pH 6.5) has been suggested to simulate fed gastric

conditions [32].

Dressman and colleagues have compared the dissolution pro-

files of several poorly water-soluble compounds using different

dissolution media [33,34]. For nonionizable drugs, good correla-

tions were found between the difference in dissolution profiles in

simulated fasted-state intestinal media and simulated fed-state[(Figure_1)TD$FIG]
FIGURE 1

Lipid digestion models for in vitro assessment of lipidic formulations. (a) The vessel
intestinal fluid), into which lipid-based formulations are introduced and digestion
digestion results in the liberation of fatty acids (FA), which, in turn, causes a transient

to a pH-stat controller and autoburette, which, together, automatically titrate the lib

maintains the pH at a set point (thereby enabling the pH-sensitive process of digestio

(via quantification of the rate of sodium hydroxide addition and assumption of sto
digestion process, samples can be taken and ultra-centrifuged to separate the dige

precipitated pellet phase. Quantification of the mass of drug that is subsequently tr

precipitate provides an indication of the relative proclivity of the formulation with
order the likely in vivo performance of a series of lipidic formulations [54].
media and the difference in plasma profiles obtained after fasted

and postprandial administration.

For compounds with appreciable ionization over the likely

physiological pH range, the situation is complicated by the impact

of both ionization and solubilization on solubility. The increased

solubilizing power of the postprandial intestine is, at least in part,

sufficient to overcome the low solubility of the unionized species,

and the dissolution rate of such drugs under simulated fed-state

intestinal conditions is only slightly lower than under fasted-state

gastric (i.e. acidic) conditions [33].

Assessment of lipid-based formulations using in vitro
lipolysis
The design of self-emulsifying lipid-based formulations has

focused on optimizing the solubility of the drug in the formulation

and on the in vitro emulsification efficiency and particle size of the

dispersion obtained on dilution in aqueous media [35]. In recent

years, however, in vitro dispersion tests and in vitro lipid digestion

models that are more reflective of the gastrointestinal environ-

ment have been developed to better predict the in vivo dissolution

profile of poorly water-soluble drugs. Pictorial representation of

this can be seen in Fig. 1.
contains digestion buffer, bile salts and phospholipids (to represent a model

initiated by the addition of pancreatic lipase or colipase. The onset of lipid
drop in pH. (b) The drop in pH is quantified by a pH electrode that is coupled

erated FA via the addition of an equimolar quantity of sodium hydroxide. This

n to continue) and facilitates indirect quantification of the extent of digestion

ichiometric reaction between FA and sodium hydroxide). (c) Throughout the
st into a poorly dispersed oil phase, a highly dispersed aqueous phase and a

afficked through to the highly dispersed aqueous phase and which does not

respect to in vivo precipitation and, therefore, a mechanism to (at least) rank

www.drugdiscoverytoday.com 961
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In contrast to traditional dissolution testing, in which the

dissolution of drug from the solid state into both simple and

biorelevant dissolution media is measured, assessment of the

utility of lipid-based formulations is more appropriately based

on evaluation of the rate and extent of drug precipitation with

respect to time (rather than solubilization) because drug is usually

already dissolved in the formulation. In this case, in vitro ‘disper-

sion’ testing seems to be a more accurate description of the process

of monitoring the ability of a formulation to maintain the drug in

a solubilized state during dispersion in the stomach and subse-

quent processing of the formulation in the presence of pancreatic

and biliary fluids.

Evaluation of self-emulsifying formulations using in vitro
lipolysis
In vitro lipid digestion models have been used to examine the

potential in vivo performance of self-emulsifying and self-micro-

emulsifying formulations [36,37]. A reasonable rank-order correla-

tion was described between the patterns of solubilization obtained

on in vitro digestion and the plasma profile of Danazol after oral

administration of SMEDDS formulations containing long-chain

lipid SMEDDS and medium-chain lipid SMEDDS to fasted beagle

dogs. Sek et al. [38] examined the impact of a range of surfactants

on the in vitro solubilization behavior and oral bioavailability of

lipid-based formulations of Atovaquone. They observed no differ-

ence in the solubilization behavior of two SEDDS formulations

comprising long-chain glycerides, ethanol and either Cremophor

EL or Pluronic L121 on in vitro digestion, despite both formulations

displaying different self-emulsifying properties. In agreement with

the lipolysis data, drug bioavailability after oral administration of

the Cremophor EL- and Pluronic L121-containing formulations to

beagle dogs was indistinguishable, confirming the importance of

consideration of the impact of formulation digestion on solubili-

zation behavior when assessing the likely in vivo performance of

lipid-based formulations.

It seems, therefore, that reasonable correlation between differ-

ences in drug solubilization profiles during in vitro lipolysis and

differences in in vivo exposure are evident for typical lipid-based

self-emulsifying formulations.

Characterization of SEDDS
The primary means of self-emulsification assessment is visual

evaluation [39,40]. The various ways to characterize SEDDS are

compiled below.

Equilibrium phase diagram
Although self-emulsification is a dynamic nonequilibrium process

involving interfacial phenomena, information can be obtained

about self-emulsification using equilibrium phase behavior. There

seems to be a correlation between emulsification efficiency and

region of enhanced water solubilization and phase inversion

region, formation of lamellar liquid crystalline dispersion phase

on further incorporation of water.

An equilibrium phase diagram enables comparison of different

of different surfactants and their synergy with cosolvent or cosur-

factant [41]. The boundaries of one phase region can easily be

assessed visually. The phase behavior of a three-component system

can be represented by a ternary phase diagram.
962 www.drugdiscoverytoday.com
Turbidity measurement
This identifies efficient self-emulsification by establishing

whether the dispersion reaches equilibrium rapidly and in a

reproducible time [42]. These measurements are carried out on

turbidity meters, most commonly the Hach turbidity meter and

the Orbeco-Helle turbidity meter [43,44]. This apparatus is con-

nected to a dissolution apparatus and optical clarity of formula-

tion is taken every 15 s to determine clarity of nano or micro

emulsion formed and emulsification time. Turbidity can also be

observed in terms of spectroscopic characterization of optical

clarity (i.e. absorbance of suitably diluted aqueous dispersion at

400 nm) [45].

Droplet size
This is a crucial factor in self-emulsification performance

because it determines the rate and extent of drug release, as

well as the stability of the emulsion. Photon correlation spectro-

scopy, microscopic techniques or a Coulter Nanosizer are

mainly used for the determination of the emulsion droplet size

[46,47].

Electron microscopic studies
Freeze-fracture electron microscopy has been used to study surface

characteristics of such dispersed systems [48]. Because of the high

lability of the samples and the possibility of artifacts, electron

microscopy is considered a somewhat misleading technique. Par-

ticle size analysis and low-frequency dielectric spectroscopy have

been used to examine the self-emulsifying properties of Imwitor

742 (a mixture of mono- and diglycerides of capric and caprylic

aciss) and Tween 80 systems [49].

Zeta potential measurement
This is used to identify the charge of the droplets. In conventional

SEDDS, the charge on an oil droplet is negative because of the

presence of free fatty acids [50].

Determination of emulsification time
Pouton et al. [51] quantified the efficiency of emulsification of

various compositions of the Tween 85 and medium-chain trigly-

ceride systems using a rotating paddle to promote emulsification

in a crude nephelometer. This enabled an estimation of the time

taken for emulsification. Once emulsification was complete, sam-

ples were taken for particle sizing by photon correlation spectro-

scopy, and self-emulsified systems were compared with

homogenized systems. The process of self-emulsification was

observed using light microscopy. It was clear that the mechanism

of emulsification involved erosion of a fine cloud of small particles

from the surface of large droplets, rather than a progressive reduc-

tion in droplet size.

Cryo-TEM studies
For Cryo-Transmission Electron Microscopy (TEM), samples were

prepared in a controlled environment verification system. A small

amount of sample is put on carbon film supported by a copper grid

and blotted by filter paper to obtain thin liquid film on the grid.

The grid is quenched in liquid ethane at�1808C and transferred to

liquid nitrogen at �1968C. The samples were characterized with a

TEM microscope.
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Liquefaction time
This test is designed to estimate the time required by solid SEDDS

to melt in vivo in the absence of agitation to simulated GI condi-

tions. One dosage form is covered in a transparent polyethylene

film and tied to the bulb of a thermometer by means of a thread.

The thermometer with attached tablets is placed in a round-

bottom flask containing 250 ml of simulated gastric fluid without

pepsin maintained at 37 � 18C [52]. The time taken for liquefac-

tion is subsequently noted.

Small-angle neutron scattering
Small-angle neutron scattering can be used to obtain information

on the size and shape of the droplets. The term ‘droplet’ is used to

describe micelles, mixed micelles and oil-swollen micelles

throughout the present work. Small-angle neutron scattering

experiments use the interference effect of wavelets scattered from

different materials in a sample (different scattering-length densi-

ties).

Small-angle X-ray scattering
This a small-angle scattering technique in which the elastic scat-

tering of X-rays by a sample that has inhomogeneities in the nm

range is recorded at very low angles (typically 0.1–108). This

angular range contains information about the shape and size of

macromolecules, characteristic distances of partially ordered

materials, pore sizes and other data. Small-angle X-ray scattering

is capable of delivering structural information of macromolecules

between 5 and 25 nm, of repeat distances in partially ordered

systems of up to 150 nm. Small-angle X-ray scattering is used

for the determination of the microscale or nanoscale structure

of particle systems in terms of such parameters as averaged particle

sizes, shapes, distribution and surface-to-volume ratio. The mate-

rials can be solid or liquid and they can contain solid, liquid or

gaseous domains (so-called ‘particles’) of the same or another

material in any combination.

In addition to these tools, others – such as nuclear magnetic

resonance and differential scanning colorimetry – have also been

exploited to characterize these self-emulsifying systems for a better

insight.

Biological aspects in selection of SEDDS
Very few biopharmaceutical studies have been performed with

SEDDS [2], and there is a need for more comparative studies,
TABLE 3

Marketed formulations of SEDDS

Active moiety Trade name

Tretinoin Vesanoid (Roche)

Isotretinoin Accutane (Roche)

Cyclosporine Panimum bioral (Panacea Biotec)

Cyclosporin A Gengraf (Abbott)

Cyclosporin A Sandimmune (Novartis)

Lopinavir and Ritonavir Kaletra (Abbott)

Sanquinavir Fortovase (Roche)

Tipranavir Aptivus (Boehringer Ingelheim)

Amprenavir Agenerase (GSK)
particularly against simple oils and solid dosage forms. At this

stage, however, it is worth speculating on the issues that will

influence the absorption from SEDDS [53]. The rate of gastric

emptying of SEDDS is similar to solutions, so they are particularly

useful where rapid onset of action is desirable. Conversely, if the

therapeutic index of the drug is low, the rapid onset and accom-

panying high Thalf might lead to undesirable side-effects. With

regard to bioavailability, there are differences between formula-

tions that contain water-soluble surfactants or cosolvents and

those that do not. The former systems can produce emulsions

or micellar solutions with a lower capacity for solubilization of

drugs, which might result in precipitation of drugs in the gut.

SEDDS formed with relatively hydrophobic surfactants

(HLB < 12), such as Tween 85 or Tagat TO, which do not migrate

into the aqueous phase, tend to have lower solvent capacities for

drugs unless log P (drug) > 4. These SEDDS should be preferable,

however, if the drug can be dissolved to an adequate extent. Highly

potent but poorly water-soluble drug candidates are a common

outcome of contemporary drug discovery programs and present

several challenges to drug development – most notably, the issue

of reduced systemic exposure after oral administration [54].

Application
SEDDSs present drugs in a small droplet size and well-proportioned

distribution and increase the dissolution and permeability.

Furthermore, because drugs can be loaded in the inner phase

and delivered by lymphatic bypass share, SEDDSs protect drugs

against hydrolysis by enzymes in the GI tract and reduce the

presystemic clearance in the GI mucosa and hepatic first-pass

metabolism.

Solid self-emulsifying drug systems
This approach enables the development of tablets using a liquid

SEDDS for a poorly water-soluble drug. A high content of liquid

SEDDS can be loaded (up to 70%) onto a carrier, which not only

maintains good flowability but also enables the production of

tablets with good cohesive properties and good content unifor-

mity in both capsules and tablets. This clearly expands the options

available to the formulator.

In addition to providing the obvious in vivo benefits of a SEDDS

system in tablet dosage form (improved drug absorption, and so

on), the benefits of developing a solid SEDDS system are that a high

content of liquid SEDDS can be loaded onto a carrier and the
Dosage forms

Soft gelatin capsule, 10 mg

Soft gelatin capsule, 10, 20 and 40 mg

Capsule, 50 and 100 mg

Hard gelatin capsule, 25 and 100 mg

Soft gelatin capsule, 25, 50 and 100 mg

Soft gelatin capsule, Lopinavir 133.33 mg and Ritonavir 33.3 mg

Soft gelatin capsule, 200 mg

Soft gelatin capsule, 250 mg

Soft gelatin capsule
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process gives good content (granule) uniformity. In terms of func-

tionality and performance, the solubilizing properties of the final

solid dosage form should remain unaffected by both the adsorption

of the liquid SEDDS onto a carrier and the state of the drug in the

lipid formulation (solubilized versus suspended). The formulation

and process is remarkably straightforward and few challenges can be

envisaged at the industrial scale. This technique offers formulators

an additional option in the quest to achieve product performance,

product design and manufacturability.

Some examples of bioavailability enhancement achieved with

various drugs using SEDDS are Indomethacin [55], Coenzyme Q 10

[56], Ontazolast [19], Simvastatin [57], Celecoxib [45], Carvedilol

[40], Paclitaxel [58], Ramipril [59], Ibuprofen, Ketoprofen [60] and

PNU-91325 [61]. Table 3 shows some of the marketed formulations

of SEDDSs available for oral delivery of various drugs.

Concluding remarks
For poorly soluble drug candidates, SEDDS provide an effective

and practical solution to the problem of formulating drugs

where low solubility in the fluids of the GIT limits drug exposure.
964 www.drugdiscoverytoday.com
Although the potential utility of SEDDS has been known for some

time, it is only in recent years that a mechanistic understanding of

their impact on drug disposition has emerged. To this end, the use

of a combination of in vitro dispersion and digestion methodolo-

gies has enabled a much improved understanding of the role of

intestinal lipid processing on the solubilization behavior of lipid-

based formulations. This in situ emulsion-forming system can be

taken as an emulsion premix with high stability as such in the

formulation. With future developments in this novel technology,

SEDDS will remove deficiencies associated with delivery of poorly

soluble drugs. Thus, this field requires further exploration and

research to bring out a wide range of commercially available self-

emulsifying formulations. To conclude, we can say that this

system is not only about lipids and surfactants but also about

their selection and the ratio in which they are used.

Acknowledgement
The authors would like to acknowledge the assistance provided by

the Library of Jamia Hamdard, New Delhi, India, for collection of

literature.
References
1 Tang, J.L. et al. (2007) Self emulsifying drug delivery systems: strategy for improving

oral delivery of poorly soluble drugs. Curr. Drug Ther. 2, 85–93

2 Humberstone, A.J. and Charman, W.N. (1997) Lipid based vehicles for oral delivery

of poorly water soluble drugs. Adv. Drug Deliv. Rev. 25, 103–128

3 Pouton, C.W. (2000) Lipid formulations for oral administration of drugs: non-

emulsifying, self-emulsifying and ‘self-microemulsifying’ drug delivery systems.

Eur. J. Pharm. Sci. 11 (Suppl. 2), S93–S98

4 Venkatesh, G. et al. (2010) In vitro and in vivo evaluation of self-microemulsifying

drug delivery system of buparvaquone. Drug Dev. Ind. Pharm. 36, 735–745

5 Gursoy, R.N. and Benita, S. (2004) Self-emulsifying drug delivery systems (SEDDS)

for improved oral delivery of lipophilic drugs. Biomed. Pharmacother. 58, 173–182

6 Singh, B. et al. (2009) Self-emulsifying drug delivery systems (SEDDS): formulation

development, characterization, and applications. Crit. Rev. Ther. Drug Carrier Syst.

26, 427–521

7 O’Driscoll, C.M. and Griffin, B.T. (2008) Biopharmaceutical challenges associated

with drugs with low aqueous solubility – the potential impact of lipid-based

formulations. Adv. Drug Deliv. Rev. 60, 617–624

8 Pouton, C.W. and Porter, C.J. (2008) Formulation of lipid-based delivery systems for

oral administration: materials, methods and strategies. Adv. Drug Deliv. Rev. 60,

625–637

9 Pouton, C.W. (2006) Formulation of poorly water-soluble drugs for oral

administration: physicochemical and physiological issues and the lipid formulation

classification system. Eur. J. Pharm. Sci. 29, 278–287

10 Chen, M.L. (2008) Lipid excipients and delivery systems for pharmaceutical

development: a regulatory perspective. Adv. Drug Deliv. Rev. 60, 768–777

11 Swenson, E.S. et al. (1994) Intestinal permeability enhancement: efficacy, acute

local toxicity and reversibility. Pharm. Res. 11, 1132–1142

12 Patel, D. and Sawant, K.K. (2009) Self micro-emulsifying drug delivery system:

formulation development and biopharmaceutical evaluation of lipophilic drugs.

Curr. Drug Deliv. 6, 419–424

13 Silva, B.F. et al. (2009) Size, shape, and charge of salt-free catanionic microemulsion

droplets: a small-angle neutron scattering and modeling study. J. Phys. Chem. B 113,

10230–10239

14 Gershanik, T. and Benita, S. (2000) Self-dispersing lipid formulations for improving

oral absorption of lipophillic drugs. Eur. J. Pharm. Biopharm. 50, 179–188

15 Devani, M. et al. (2004) The emulsification and solubilisation properties of

polyglycolysed oils in self-emulsifying formulations. J. Pharm. Pharmacol. 56, 307–316

16 Odeberg, J.M. et al. (2003) Lipid drug delivery and rational formulation design for

lipophilic drugs with low oral bioavailability, applied to cyclosporine. Eur. J. Pharm.

Sci. 20, 375–382

17 Constantinides, P.P. (1995) Lipid microemulsions for improving drug dissolution

and oral absorption: physical and biopharmaceutical aspects. Pharm. Res. 12,

1561–1572
18 Kimura, M. et al. (1994) Relationship between the molecular structures and

emulsification properties of edible oils. Biosci. Biotechnol. Biochem. 58, 1258–1261

19 Hauss, D.J. et al. (1998) Lipid-based delivery systems for improving the

bioavailability and lymphatic transport of a poorly water-soluble LTB4 inhibitor. J.

Pharm. Sci. 87, 164–169

20 Shah, N.H. et al. (1994) Self emulsifying drug delivery systems (SEDDS) with

polyglycolyzed glycerides for improving in vitro dissolution and oral absorption of

lipophilic drugs. Int. J. Pharm. 106, 15–23

21 Attwood, D. and Florence, A.T. (1983) Surfactant Systems: Their Chemistry, Pharmacy

and Biology. Chapman and Hall

22 Werkley, M.G. et al. (1986) Self emulsification of vegetable oil-non-ionic surfactant

mixtures. ACS Symp. Ser. 311, 242–255

23 Meinzer, A. et al. (1995) Microemulsion: a suitable galenical approach for the

absorption enhancement of low soluble compounds? BT Gattefosse 88, 21–26

24 Vonderscher, J. and Meinzer, A. (1994) Rationale for the development of

Sandimmune Neoral. Transplantation Proceedings (Vol. 26) pp. 2925–2927

25 Reiss, H. (1975) Entropy induced dispersion of bulk liquids. J. Colloid Interface Sci. 53,

61–70

26 Craig, D.Q. et al. (1995) An investigation into the mechanism of self emulsification

using particle size analysis and low frequency dielectric spectroscopy. Int. J. Pharm.

114, 103–110

27 Porter, C.J. and Charman, W.N. (2001) In vitro assessment of oral lipid based

formulations. Adv. Drug Deliv. Rev. 50 (Suppl. 1), S127–S147

28 Dressman, J.B. et al. (1998) Dissolution testing as a prognostic tool for oral drug

absorption: immediate release dosage forms. Pharm. Res. 15, 11–22

29 Horter, D. and Dressman, J.B. (2001) Influence of physicochemical properties

on dissolution of drugs in the gastrointestinal tract. Adv. Drug Deliv. Rev. 46,

75–87

30 Hernell, O. et al. (1990) Physical–chemical behavior of dietary and biliary lipids

during intestinal digestion and absorption, 2. Phase analysis and aggregation states

of luminal lipids during duodenal fat digestion in healthy adult human beings.

Biochemistry 29, 2041–2056

31 Fausa, O. (1974) Duodenal bile acids after a test meal. Scand. J. Gastroenterol. 9, 567–

570

32 Galia, E. et al. (1998) Evaluation of various dissolution media for predicting in vivo

performance of class I and II drugs. Pharm. Res. 15, 698–705

33 Dressman, J.B. and Reppas, C. (2000) In vitro–in vivo correlations for lipophilic,

poorly water-soluble drugs. Eur. J. Pharm. Sci. 11 (Suppl. 2), S73–S80

34 Nicolaides, E. et al. (2001) Biorelevant dissolution testing to predict the

plasma profile of lipophilic drugs after oral administration. Pharm. Res. 18,

380–388

35 Porter, C.J. et al. (2008) Enhancing intestinal drug solubilisation using lipid-based

delivery systems. Adv. Drug Deliv. Rev. 60, 673–691



Drug Discovery Today � Volume 15, Numbers 21/22 �November 2010 REVIEWS

R
ev
ie
w
s
�
P
O
S
T
S
C
R
E
E
N

36 Fatouros, D.G. et al. (2007) Structural development of self nano emulsifying drug

delivery systems (SNEDDS) during in vitro lipid digestion monitored by small-angle

X-ray scattering. Pharm. Res. 24, 1844–1853

37 Fatouros, D.G. et al. (2007) Morphological observations on a lipid-based drug

delivery system during in vitro digestion. Eur. J. Pharm. Sci. 31, 85–94

38 Sek, L. et al. (2010) Examination of the impact of a range of Pluronic surfactants on

the in-vitro solubilisation behaviour and oral bioavailability of lipidic formulations

of atovaquone. J. Pharm. Pharmacol. 58, 809–820

39 Cui, S.X. et al. (2009) Preparation and evaluation of self-microemulsifying

drug delivery system containing vinpocetine. Drug Dev. Ind. Pharm. 35,

603–611

40 Wei, L. et al. (2005) Preparation and evaluation of SEDDS and SMEDDS containing

carvedilol. Drug Dev. Ind. Pharm. 31, 785–794

41 Pouton, C.W. et al. (1987) Self-emulsifying systems for oral delivery of drugs.

International Symposium on Control Release Bioactive Materials pp. 113–114

42 Gursoy, N. et al. (2003) Excipient effects on in vitro cytotoxicity of a novel paclitaxel

self-emulsifying drug delivery system. J. Pharm. Sci. 92, 2411–2418

43 Nazzal, S. et al. (2002) Preparation and in vitro characterization of a eutectic based

semisolid self-nanoemulsified drug delivery system (SNEDDS) of ubiquinone:

mechanism and progress of emulsion formation. Int. J. Pharm. 235, 247–265

44 Palamakula, A. and Khan, M.A. (2004) Evaluation of cytotoxicity of oils used in

coenzyme Q10 self-emulsifying drug delivery systems (SEDDS). Int. J. Pharm. 273,

63–73

45 Subramanian, N. et al. (2004) Formulation design of self-microemulsifying drug

delivery systems for improved oral bioavailability of celecoxib. Biol. Pharm. Bull. 27,

1993–1999

46 Goddeeris, C. et al. (2006) Light scattering measurements on microemulsions:

estimation of droplet sizes. Int. J. Pharm. 312, 187–195

47 Yang, S. et al. (2004) Enhanced oral absorption of paclitaxel in a novel self

microemulsifying drug delivery system with or without concomitant use

of P-glycoprotein inhibitors. Pharm. Res. 21, 261–270

48 Vyas, S.P. and Khar, R.K. (2002) Submicron emulsion. In Targeted and Controlled

Drug Delivery Novel Carriers Systems. CBS Publishers and Distributors

pp. 291–294
49 Craig, D.Q. et al. (1993) An investigation into the physicochemical properties of self

emulsifying systems using low frequency dielectric spectroscopy, surface tension

measurements and particle size analysis. Int. J. Pharm. 96, 147–155

50 Gershanik, T. and Benita, S. (1996) Positively charged self-emulsifying oil

formulation for improving the oral bioavailability of progestrone. Pharm. Dev.

Technol. 1, 147–157

51 Pouton, C.W. (1997) Formulation of self emulsifying drug delivery systems. Adv.

Drug Deliv. Rev. 25, 47–58

52 Attama, A.A. et al. (2003) The use of solid self-emulsifying systems in the delivery of

diclofenac. Int. J. Pharm. 262, 23–28

53 Patel, D. and Sawant, K.K. (2007) Oral bioavailability enhancement of acyclovir by

self-microemulsifying drug delivery systems (SMEDDS). Drug Dev. Ind. Pharm. 33,

1318–1326

54 Porter, C.J. et al. (2007) Lipids and lipid-based formulations: optimizing the oral

delivery of lipophilic drugs. Nat. Rev. Drug Discov. 6, 231–248

55 Kim, J.Y. and Ku, Y.S. (2000) Enhanced absorption of indomethacin after oral or

rectal administration of a self-emulsifying system containing indomethacin to rats.

Int. J. Pharm. 194, 81–89

56 Kommuru, T.R. et al. (2001) Self-emulsifying drug delivery systems (SEDDS) of

coenzyme Q10: formulation development and bioavailability assessment. Int. J.

Pharm. 212, 233–246

57 Kang, B.K. et al. (2004) Development of self-microemulsifying drug delivery systems

(SMEDDS) for oral bioavailability enhancement of simvastatin in beagle dogs. Int. J.

Pharm. 274, 65–73

58 Gao, P. et al. (2003) Development of a supersaturable SEDDS (S-SEDDS) formulation

of paclitaxel with improved oral bioavailability. J. Pharm. Sci. 92, 2386–2398

59 Shafiq, S. et al. (2007) Development and bioavailability assessment of ramipril

nanoemulsion formulation. Eur. J. Pharm. Biopharm. 66, 227–243

60 Araya, H. et al. (2005) The novel formulation design of self-emulsifying drug

delivery systems (SEDDS) type O/W microemulsion II: stable gastrointestinal

absorption of a poorly water soluble new compound, ER-1258 in bile-fistula rats.

Drug Metab. Pharmacokinet. 20, 257–267

61 Gao, P. et al. (2004) Enhanced oral bioavailability of a poorly water soluble drug

PNU-91325 by supersaturatable formulations. Drug Dev. Ind. Pharm. 30, 221–229
www.drugdiscoverytoday.com 965


	Self-emulsifying drug delivery systems: an™approach to enhance oral�bioavailability
	Suitable drug candidate identification for SEDDS
	Lipid Formulation Classification System
	Regulatory aspects of lipid excipients
	Formulation of SEDDS
	Screening of excipients for SEDDS
	Mechanism of self-emulsification

	In vitro dissolution problems for poorly water-soluble drugs
	Assessment of lipid-based formulations using in vitro lipolysis
	Evaluation of self-emulsifying formulations using in vitro lipolysis

	Characterization of SEDDS
	Equilibrium phase diagram
	Turbidity measurement
	Droplet size
	Electron microscopic studies
	Zeta potential measurement
	Determination of emulsification time
	Cryo-TEM studies
	Liquefaction time
	Small-angle neutron scattering
	Small-angle X-ray scattering

	Biological aspects in selection of SEDDS
	Application
	Solid self-emulsifying drug systems

	Concluding remarks
	Acknowledgement
	References


