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ABSTRACT

The oral delivery of lipophillic drugs presents a major challenge because of the low aqueous solubility
of such compounds. Self-micro emulsifying drug delivery systems (SMEDDS) have gained exposure
for their ability to increase solubility and bioavailability of poorly soluble drugs. SMEDDS are iso-
tropic mixtures of oils, surfactants, solvents and co-solvents and drugs with a unique ability to form fi-
ne oil in water microemulsiom upon mild agitation following dilution with aqueous phase. The effi-
ciency of oral absorption of the drug compound from the SMEDDS depends on many formulations re-
lated parameters, such as surfactant concentration, oil/surfactant ratio, polarity of the emulsion, droplet
size all of which in essence determine the self-micro emulsifying ability. Approximately 40%of new
chemical entities exhibit poor aqueous solubility and present a major challenge to modern drug delivery
system, because of their low bioavailability.

KEYWORDS: Self micro emulsifying drug delivery system (SMDDS), Oral bioavailability, Lipophil-
lic compounds, Poorly water soluble drugs.

INTRODUCTION

Self-micro emulsifying drug delivery system(SMEDDS) are defined as isotropic mixtures of natural or
synthetic oils, solid or liquid surfactants, or alternatively, one or more hydrophilic solvents and co-
solvents/surfactants that have a unique ability of forming fine oil-in-water (o/w) microemulsions upon
mild agitation followed by dilution in aqueous media, such as GI fluids." SMEDDS spread readily in
the GI tract, and the digestive motility of the stomach and the intestine provide the agitation necessary
for self-emulsification. SEDDS typically produce emulsions with a droplet size between 100 and 300
nm while SMEDDS form transparent microemulsions with a droplet size of less than 50 nm. When
compared with emulsions, which are sensitive and metastable dispersed forms, SMEDDS are physical-
ly stable formulations that are easy to manufacture. Thus, for lipophilic drug compounds that exhibit
dissolution rate-limited absorption, these systems may offer an improvement in the rate and extent of
absorption and result in more reproducible blood-time. SMEDDS formulation is in theory, compara-
tively simple. The key step is to find a suitable oil surfactant mixture that can dissolve the drug within

the required therapeutic concentration. The SMEDDS mixture can be filled in either soft or hard gela-

Harshal et al. / Pharma Science Monitor 5(1), Jan-Mar 2014, 133-143


https://core.ac.uk/display/357538175?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Impact factor: 0.3397/ICV: 4.10 134

tine capsules. A typical SMEDDS formulation contains oils, surfactants and if required an antioxidants.
Often co-surfactants and co-solvents are added to improve the formulation characteristics.”
ADVANTAGES OF SMEDDS:

Improvement in oral bioavailability:

Dissolution rate dependant absorption is a major factor that limits the bioavailability of numerous
poorly water-soluble drugs. The ability of SMEDDS to present the drug to GIT in solubilised and micro
emulsified form (globule size between 1-100 nm) and subsequent increase in specific surface area ena-
ble more efficient drug transport through the intestinal aqueous boundary layer and through the absorp-
tive brush border membrane leading to improved bioavailability. E.g. In case of halofantrine approxi-
mately 6-8 fold increase in bioavailability of drug was reported in comparison to tablet formulation.’
Ease of manufacture and scale-up:

Ease of manufacture and scale up is one of the most important advantages that make SMEDDS unique
when compared to other drug delivery systems like solid dispersions, liposomes, nanoparticles, etc.,
dealing with improvement of bio-availability. SMEDDS require very simple and economical manufac-
turing facilities like simple mixer with agitator and volumetric liquid filling equipment for large-scale
manufacturing. This explains the interest of industry in the SMEDDS.

Reduction in inter-subject and intra-subject variability and food effects:

There are several drugs, which show large inter-subject and intra-subject variation in absorption leading
to decreased performance of drug and patient non-compliance. Food is a major factor affecting the
therapeutic performance of the drug in the body. SMEDDS are a boon for such drugs. Several research
papers specifying that, the performance of SMEDDS is independent of food and, SMEDDS offer re-
producibility of plasma profile is available. *

Ability to deliver peptides that are prone to enzymatic hydrolysis in GIT:

One unique property that makes SMEDDS superior as compared to the other drug delivery systems is
their ability to deliver macromolecules like peptides, hormones, enzyme substrates and inhibitors and
their ability to offer protection from enzymatic hydrolysis. The intestinal hydrolysis of prodrug by cho-
linesterase can be protected if polysorbate 20 is emulsifier in micro emulsion formulation.” These sys-
tems are formed spontaneously without aid of energy or heating thus suitable for thermo labile drugs
such as peptides.®

No influence of lipid digestion process:

Unlike the other lipid-based drug delivery systems, the performance of SMEDDS is not influenced by
the lipolysis, emulsification by the bile salts, action of pancreatic lipases and mixed micelle formation.
SMEDDS are not necessarily digested before the drug is absorbed as they present the drug in micro-

emulsified form, which can easily penetrate the mucin, and water unstirred layer.
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Increased drug loading capacity:

SMEDDS also provide the advantage of increased drug loading capacity when compared with conven-

tional lipid solution as the solubility of poorly water soluble drugs with intermediate partition coeffi-

cient (2<log P>4) are typically low in natural lipids and much greater in amphilic surfactants, co surfac-

tants and co-solvents.

Advantages of SMEDDS over emulsion:

SMEDDS not only offer the same advantages of emulsions of facilitating the solubility of hydro-
phobic drugs, but also overcomes the drawback of the layering of emulsions after sitting for a long
time.

SMEDDS can be easily stored since it belongs to a thermodynamics stable System.

Microemulsions formed by the SMEDDS exhibit good thermodynamics stability and optical trans-
parency. The major difference between the above microemulsions and common emulsions lies in
the Particle size of droplets. The size of the droplets of common emulsion ranges between 0.2 and
10 pm, and that of the droplets of microemulsion formed by the SMEDDS generally ranges be-
tween 2 and 100 nm (such droplets are called droplets of nanoparticles). Since the particle size is
small, the total surface area for absorption and dispersion is significantly larger than that of solid
dosage form and it can easily penetrate the gastrointestinal tract and be absorbed. The bioavailabil-
ity of the drug is therefore improved.

SMEDDS offer numerous delivery options like filled hard gelatin capsules or soft gelatin capsules
or can be formulated in to tablets whereas emulsions can only be given as an oral solution.
Emulsion cannot be autoclaved as they have phase inversion temperature, while SMEDDS can be

autoclaved.

DISADVANTAGES OF SMEDDS

One of the obstacles for the development of SMEDDS and other lipid-based formulations is the
lack of good predicative in vitro models for assessment of the formulations.

Traditional dissolution methods do not work, because these formulations potentially are dependent
on digestion prior to release of the drug.

This in vitro model needs further development and validation before its strength can be evaluated.
Further development will be based on in vitro - in vivo correlations and therefore different proto-
type lipid based formulations needs to be developed and tested in vivo in a suitable animal model.
The drawbacks of this system include chemical instabilities of drugs and high surfactant concentra-

tions in formulations (approximately 30-60%) which irritate GIT.
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e Moreover, volatile co solvents in the conventional self-microemulsifying formulations are known
to migrate into the shells of soft or hard gelatin capsules, resulting in the precipitation of the lipo-
philic drugs.

e The precipitation tendency of the drug on dilution may be higher due to the dilution effect of the
hydrophilic solvent.

e Formulations containing several components become more challenging to validate.
EXCIPIENTS USED IN SEDDS:
Pharmaceutical acceptability of excipients and the toxicity issues of the components used makes the
selection of excipients really critical. There is a great restriction as which excipeints to be used. Early
studies revealed that the self-microemulsification process is specific to the nature of the oil/surfactant
pair, the surfactant concentration and oil/surfactant ratio, the concentration and nature of co-surfactant
and surfactant/co-surfactant ratio and the temperature at which self-microemulsification occurs. These
important discoveries were further supported by the fact that only very specific combinations of phar-
maceutical excipients led to efficient selfmicroemulsifying systems.

SMEDDS formulation containing following components
e Oil phase
e Primary surfactant
e Secondary surfactant (co-surfactant)

Oil phase

The oil represents one of the most important excipients in the SMEDDS formulation not only because it

can solubilize the required dose of the lipophilic drug or facilitate self emulsification but also and main-

ly because it can increase the fraction of lipophilic drug transported via the intestinal lymphatic system,
thereby increasing absorption from the GI tract depending on the molecular nature of the triglyceride.

Both long and medium chain triglyceride (LCT and MCT) oils with different degrees of saturation have

been used for the design of self-emulsifying formulations. Furthermore, edible oils which could repre-

sent the logical and preferred lipid excipient choice for the development of SMEDDS are not frequently
selected due to their poor ability to dissolve large amounts of lipophilic drugs. Modified or hydrolyzed

vegetable oils have been widely used since these excipients form good emulsification systems with a

large number of surfactants approved for oral administration and exhibit better drug solubility proper-

ties.” They offer formulative and physiologicaladvantages and their degradation products resemble the
natural end products of intestinal digestion. Novel semisynthetic medium chain derivatives, which can
be defined as amphiphilic compounds with surfactant properties, are progressively and effectively re-
placing the regular medium chain triglyceride oils in the SMEDDS.® This is in accordance with find-

ings of Deckelbaum (1990) showing that MCT is more soluble and have a higher mobility in the li-
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pid/water interfaces than LCT associated with a more rapid hydrolysis of MCT. In general, when using
LCT, a higher concentration of cremophor RH40 was required to form microemulsions compared with
MCT.

Surfactants:

Several compounds exhibiting surfactant properties may be employed for the design of self-emulsifying
systems, but the choice is limited as very few surfactants are orally acceptable. The most widely rec-
ommended ones being the non-ionic surfactants with a relatively high hydrophilic-lipophilic balance
(HLB). The commonly used emulsifiers are various solid or liquid ethoxylated polyglycolyzed glycer-
ides and polyoxyethylene 20 oleate (Tween 80). Safety is a major determining factor in choosing a sur-
factant. Emulsifiers of natural origin are preferred since they are considered to be safer than the
synthetic surfactants.” However, these surfactants have a limited self-emulsification capacity. Non-
ionic surfactants are less toxic than ionic surfactants but they may lead to reversible changes in the
permeability of the intestinal lumen.® Usually the surfactant concentration ranges between 30 and 60%
w/w in order to form stable SMEDDS. It is very important to determine the surfactant concentration
properly as large amounts of surfactants may cause GI irritation. Surfactants are amphiphilic in nature
and they can dissolve or solubilize relatively high amounts of hydrophobic drug compounds. The lipid
mixtures with higher surfactant and co-surfactant/oil ratios lead to the formation of SMEDDS.’ There is
a relationship between the droplet size and the concentration of the surfactant being used. In some cas-
es, increasing the surfactant concentration could lead to droplets with smaller mean droplet size, this
could be explained by the stabilization of the oil droplets as a result of the localization of the surfactant
molecules at the oil-water interface.'’ On the other hand, in some cases the mean droplet size may in-
crease with increasing surfactant concentrations.'’ This phenomenon could be attributed to the interfa-
cial disruption elicited by enhanced water penetration into the oil droplets mediated by the increased
surfactant concentration and leading to ejection of oil droplets into the aqueous phase. The surfactants
used in these formulations are known to improve the bioavailability by various mechanisms including:
improved drug dissolution, increased intestinal epithelial permeability, increased tight junction permea-
bility and decreased/inhibited p-glycoprotein drug efflux. However, the large quantity of surfactant may
cause moderate reversible changes in intestinal wall permeability or may irritate the GI tract. Formula-
tion effect and surfactant concentration on gastrointestinal mucosa should ideally be investigated in
each case."”

Co-solvents:

The production of an optimum SEDDS requires relatively high concentrations (generally more than
30% w/w) of surfactants, thus the concentration of surfactant can be reduced by incorporation of

cosurfactant. Role of the co-surfactant together with the surfactant is to lower the interfacial tension to
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a very small even transient negative value. At this value the interface would expand to form fine dis-
persed droplets, and subsequently adsorb more surfactant and surfactant/co-surfactant until their bulk
condition is depleted enough

to make interfacial tension positive again. This process known as ‘spontaneous emulsification’ forms
the microemulsion. However, the use of co-surfactant in self emulsifying systems is not mandatory for
many non-ionic surfactants. The selection of surfactant and co-surfactant is crucial not only to the for-
mation of SMEDDS, but also to solubilisation of the drug in the SMEDDS. Organic solvents, suitable
for oral administration (ethanol, propylene glycol (PG), polyethylene glycol (PEG), etc) may help to
dissolve large amounts of either the hydrophilic surfactant or the drug in the lipid base and can act as
cosurfactant in the self emulsifying drug delivery systems, although alcohol- free self-emulsifying mi-
croemulsions have also been described in the literature. Indeed, such systems may exhibit some ad-
vantages over the previous formulations when incorporated in capsule dosage forms, since alcohol and
other volatile co-solvents in the conventional self-emulsifying formulations are known to migrate into
the shells of soft gelatin or hard sealed gelatin capsules resulting in the precipitation of the lipophilic
drug. On the other hand, the lipophillic drug dissolution ability of the alcohol free formulation may be
limited. Hence, proper choice has to be made during selection of components.

Mechanism of self-emulsification

In emulsification process the free energy (AG) associated is given by the equation:

AG = ENinri 1)

In which ‘N’ is Number of droplets with radius ‘r’ and ‘c’ is interfacial energy.

The mechanism by which self-emulsification occurs is not yet well understood. Nevertheless, it has
been suggested that self-emulsification takes place when the entropy

change favoring dispersion is greater than the energy required to increase the surface area of the disper-
sion. The free energy of a conventional emulsion formulation is a direct function of the energy required
to create a new surface between the oil and water phases. The two phases of the emulsion tend to sepa-
rate with time to reduce the interfacial area and thus the free energy of the system. The conventional
emulsifying agent stabilizes emulsion resulting from aqueous dilution by forming amonolayer around
the emulsion droplets, reducing the interfacial energy and forming a barrier to coalescence. On the oth-
er hand, emulsification occurs spontaneously with SEDDS because the free energy required to form the
emulsion is either low and positive or negative. It is necessary for the interfacial structure to show no
resistance against surface shearing in order for emulsification to take place. The ease of emulsification
was suggested to be related to the ease of water penetration into the various LC or gel phases formed on
the surface of the droplets. The interface between the oil and aqueous continuous phases is formed up-

on addition of a binary mixture. This is followed by the solubilization of water within the oil phases as
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a result of aqueous penetration through the interface. This will occur until the solubilization limit is
reached close to the interphase. Further aqueous penetration will loaded to the formation of the dis-
persed LC phase. In the end, everything that is in close proximity with the interface will be LC, the ac-
tual amount of which depends on the surfactant concentration in the binary mixture. Thus, following
gentle agitation of the self-emulsifying system, water will rapidly penetrate into the aqueous cores and
lead to interface disruptions and droplet formation. As a consequence of the LC interface formation sur-
rounding the oil droplets, SEDDS become very stable coalescence. Detailed studies have been carried
out to determine the involvement of LC phase in the emulsion formation process. Also, particle size
analysis and low frequency dielectric spectroscopy (LFDS) were utilized to examine the self-
emulsifying properties of a series of Imwitor 742 (a mixture of mono- and diglycerides of capric acids)/
Tween 80 system. The results suggested that there might be a complex relationship between LC for-
mation and emulsion formation. Moreover, the presence of the drug compound may alter the emulsion
characteristics, probably by interacting with the LC phase. Nevertheless, the correlation between the
LC formation and spontaneous emulsification has still not been established.’

Table: Bioavailability Enhancement of Some Drugs Using SMDDS Technology

Sr.No. | Drug (SMDDS System) Category Reference
1 Paclitaxel Anticancer 13
2 Fenofibrate Antihyperlipidimic 14

Cholesterol ester transfer protein (CETP)
3 inhibitors Antihyperlipidimic 15
4 Atorvastatin, Fluvastatin Antihyperlipidimic 16
5 Rapamycin Immunosuppressive 17
6 Cyclosporine Immunosuppressive 18
7 Felodipine Antihypertensive 19
8 Nifedipine Antihypertensive 20
9 Indomethacin Analgesic 21
10 Naproxen Analgesic 22
11 Tipranavir Analgesic 23
12 Progesterone, Testosterone Hormones 24

CHARACTERIZATION OF SMEDDS:

Zeta potential: The charge of the oil droplets of SMEDDS is another property that should be assessed.
The charge of the oil droplets in conventional SMEDDS is negative due to the presence of free fatty
acids; however, incorporation of a cationic lipid, such as oleylamine at a concentration range of 1.0-
3%, will yield cationic SMEDDS. Thus, such systems have a positive n-potential value of about 35-45

mV. This positive n-potential value is preserved following the incorporation of the drug compounds.*
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Self-Emulsification

The emulsification time of SMEDDS was determined according to USP 22, dissolution apparatus 2.
300 mg of each formulation added drop wise to 500ml purified water at 37°C. Gentle agitation was
provided by a standard stainless steel dissolution paddle rotating at 50 rpm. Emulsification time was
assessed visually.*®

Drug Precipitation Assessment:

The ability of SMEDDS to maintain the drug in solubilised form is greatly influenced by the solubility
of the drug in oil phase. If the surfactant or co-surfactant is contributing to the greater extent in drug
solubilisation then there could be a risk of precipitation, as dilution of SMEDDS will lead to lowering
of solvent capacity of the surfactant or co-surfactant, hence it is very important to determine stability of
the system after dilution. This is usually done by diluting a single dose of SMEDDS in 250ml of 0.1N
HCI solution. This solution is observed for drug precipitation if any. Ideally SMEDDS should keep the
drug solubilized for four to six hours assuming the gastric retention time of two hours.?’

Freeze-thaw cycles (Accelerated ageing):

It is done to monitor accelerated stability testing of microemulsions formulation. In this study we place
the formulation at two different temperatures i.e. -21°C and 21°C. For the better estimation of accelerat-
ed stability studies three such cycles should be run for each batch of formulation.”®

Transmittance Test

Stability of optimized microemulsion formulation with respect to dilution was checked by measuring
Transmittance through U.V. Spectrophotometer (UV-1700 SHIMADZU). Transmittance of samples
was measured at 650nm and for each sample three replicate assays were performed.”’

In vitro release

The quantitative in vitro release test was performed in 900 ml purified distilled water, which was based
on USP 24 method. SMEDDS was placed in dialysis bag during the release period to compare the re-
lease profile with conventional tablet. 10 ml of sample solution was withdrawn at predetermined time
intervals, filtered through a 0.45 p membrane filter, dilute suitably and analyzed spectrophotometrical-
ly. Equal amount of fresh dissolution medium was replaced immediately after withdrawal of the test
sample. Percent drug dissolved at different time intervals was calculated using the Beer Lambert’s
equation.”

Applications of SMEDDS

Solubilization in SMEDDS

Owing to their frequently high content oil, as well as of surfactant, SMEDDS are usually efficient solu-
bilizers of substances of a wide range of lipophilicity. Thus, the solubilizing capacity of a w/o micro-

emulsion for water soluble drugs is typically higher than that of an o/w microemulsion, while the re-
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verse is true for oil soluble drugs. Furthermore, the solubilization depends on the SMDDS composi-
tion.>

Sustain release from SMEDDS

Due to the wide range of structures occurring in them, SMEDDS display a rich behavior regarding the
release of solubilized material. Thus in. case of O/W microemulsion, hydrophobic drugs solubilized
mainly in the oil droplets, experience hindered diffusion and are therefore released rather slowly (de-
pending on the oil/water partitioning of the substance). Water soluble drugs, on the other hand, diffuse
essentially without obstruction (depending on the volume fraction of the dispersed phase) and are re-
lease fast. For balanced microemulsions, relatively fast diffusion and release occur for both water solu-
ble and oil soluble drugs due to the bicontinuous nature of microemulsion "structure".* Apart from the
microemulsion structure, the microemulsion composition is important for the drug release rate.
Increase the bioavailability of drug

Many of drugs were lipophilic in nature so, it should be insoluble in water. Lipophilic drug should have
low bioavailability. In SMEDDS, drugs should be combining with the oil and make a complex. Oil is
easily absorbed from the gut and increase the solubility of drugs. So increase the bioavailability of the
drug. Ex. Julianto et al, was increase the 3 fold bioavailability from SEDDS which is composed of the
Tween 80 and palm oil. 31
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