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Purpose. This review highlights the state-of-the-art in pharmaceutical microemulsions with emphasis
on self-emulsifying systems, from both a physical and biopharmaceutical perspective. Although these
systems have several pharmaceutical applications, this review is primarily focused on their potential
for oral drug delivery and intestinal absorption improvement.

Methods. Physicochemical characteristics and formulation design based on drug solubility and mem-
brane permeability are discussed.

Results. Case studies in which lipid microemulsions have successfully been used to improve drug
solubilization/dissolution and/or intestinal absorption of poorly absorbed drugs/peptides are presented.
Conclusions. Drug development issues such as commercial viability, mechanisms involved, range of
applicability, safety, scale-up and manufacture are outlined, and future research and development
efforts to address these issues are discussed.
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INTRODUCTION

Much attention has been given recently to the use of
lipid microemulsions in drug delivery, and excellent reviews
can be found in the literature that described both physical
properties and pharmaceutical applications (1-3) of these
novel lipid-based drug carriers. The purpose of this review is
not to give a comprehensive overview of the literature on
microemulsions, but instead to focus and critically discuss
the potential of self-emulsifying microemulsion systems as a
novel oral dosage form for drug solubilization and intestinal
absorption enhancement.

Microemulsions are thermodynamically stable, isotropi-
cally clear dispersions of two immiscible liquids, such as oil
and water, stabilized by an interfacial film of surfactant mol-
ecules (1). The surfactant may be pure, a mixture, or com-
bined with other additives. In the absence of water, mixtures
of oil(s) and non-ionic surfactant(s) form clear and transpar-
ent isotropic solutions that are known as self-emulsifying
drug delivery systems (SEDDS) and are recently being used
for improving lipophilic drug dissolution and absorption (4-
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6). One characteristic of these systems is their ability to form
fine oil-in-water emulsions upon mild agitation when ex-
posed to aqueous media. Thus, SEDDS represent an effi-
cient vehicle for the in vivo administration of emulsions. It is
for this reason that they are considered for oral delivery of
lipophilic drugs, provided however, that the drug has ade-
quate solubility in the oil or oil/surfactant blend. Microemul-
sions are superior to simple micellar solutions in terms of
solubilization potential and their thermodynamic stability of-
fers advantages over unstable dispersions, such as emulsions
and suspensions, since they can be manufactured with little
energy input (heat, mixing) and have a long shelf-life. How-
ever, the design of effective self-emulsifying microemulsion
formulations of drugs, using well-defined and pharmaceuti-
cally acceptable excipients is still in its infancy. Few micro-
emulsion systems in marketed products or clinical evalua-
tion have been identified, as in the case of Cyclosporin A
with Sandimmune (7) and Sandimmune Neoral (8) soft gel-
atin formulations although the former formulation is rather a
crude emulsion and not a microemulsion. Thus, the full drug
delivery potential of lipid microemulsions has yet to be re-
alized, particularly with water-soluble drugs. Oil-soluble
drugs can be formulated in oil-in-water (o/w) microemulsions
whereas, water-soluble ones are better suited for water-in-oil
(w/o) systems. Phase inversion of microemulsions (9,10)
upon addition of excess of the dispersed phase or in response
to temperature is an interesting property of these systems
that can affect drug release both in vitro and in vivo (1,2).
An increasing number of reports in the literature suggest
that lipid-based microemulsions (o/w and w/o) can be used to
enhance the oral bioavailability of drugs, including peptides
(3,11,12). Drug delivery advantages offered by microemul-
sions include improved drug solubilization and protection

1561 0724-8741/95/1100-1561$07.50/0 © 1995 Pienum Publishing Corporation



1562

against enzymatic hydrolysis, as well as the potential for
enhanced absorption afforded by surfactant-induced mem-
brane fluidity and thus permeability changes (13).

In this review, the structure, formulation and physical
properties of microemulsions for oral drug delivery are con-
sidered first, followed by case studies where lipid micro-
emulsions have been used successfully to improve drug dis-
solution and/or absorption. In this section, SEDDS together
with o/w and w/o microemulsions for lipophilic and hydro-
philic drug/peptide delivery, respectively, will be discussed
and key factors will be identified that are considered to con-
tribute to the improved absorption from these lipid formula-
tions. Finally, drug development issues and approaches to
address these issues are discussed with the hope that this
review will stimulate further interest in this important area of
drug delivery.

FORMULATION
DESIGN/DEVELOPMENT CONSIDERATIONS

Excipient Selection

Although several microemulsion systems have been de-
scribed in the literature, the challenge for the pharmaceutical
formulator is to predict which oil(s) and surfactant(s) to se-
lect for a particular application, taking into consideration
their acceptability due to potential toxicity (13). The forma-
tion of w/o and o/w microemulsions usually involves a com-
bination of three to five basic components, namely, oil, wa-
ter, surfactant, cosurfactant and electrolyte. However, the
use of cosurfactant in microemulsions is not mandatory and
alcohol-free self-emulsifying microemulsion systems have
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been described in the literature (14,15). The tendency toward
a w/o or an o/w microemulsion is dependent on the proper-
ties of both the oil and surfactant and the oil-to-water ratios.
The hydrophile-lipophile balance (HLB) is an empirical for-
mula that is used to select surfactants for microemulsions
(1,2). For both non-ionic and ionic surfactants, the HLB
value generally varies from 1-45, with the range being 1-20
for non-ionics. Non-ionic or zwitterionic surfactants are of-
ten considered for pharmaceutical applications and micro-
emulsion formulation since are less toxic (13,14) and less
affected by pH and ionic strength changes (15). Water-in-oil
microemulsions are formed using emulsifiers within the
HLB range of 3 to 8 while o/w microemulsions are formed
within the range of 8-18. The choice of emulsifiers is deter-
mined by the average HLB requirement of the proposed
microemulsion. Some of the oils and surfactants used to for-
mulate microemulsions for oral drug delivery along with
their HLB values and manufacturer’s name are listed in Ta-
ble 1. In most cases, it is the right blend of a low and high
HLB surfactant that leads to the formation of a stable mi-
croemulsion in the absence of a cosurfactant (14,15).
Medium-chain glycerides derived from coconut oil are
particularly attractive for formulating orally active micro-
emulsions since, a) they are stable food grade products and
generally recognized as safe by the Food and Drug Admin-
istration agency (US FDA Code of Federal Regulations, Ti-
tle 21, Sections 172 and 184, Interpharm Press, 1989), b)
microemulsions incorporating these excipients can be for-
mulated at ambient temperature over a wide range of com-
positions (15), ¢) medium-chain glycerides (mono-, di-, and
triglycerides) are reported to improve the intestinal absorp--
tion of co-formulated drugs (3,5,6,8,11-13,16-18) and, d)

Table 1. Some of the Common Excipients Used to Formulate Lipid Microemulsions for Oral Drug Delivery

Excipient

(HLB) Chemical Definition

Manufacturer

Arlacel 80 (4.3) sorbitan oleate

ICI Americas (Wilmington, DE)

Arlacel 186 (2.8)
Capmul MCM (5.5-6.0)
Captex 200 (oil)

Captex 355 (oil)
Centrophase 31 (4.0)
Cremophor EL (13.5)
Labrafac CM 10 (10)
Labrafil M 1944 CSD (3-4)
Labrafil M 2125 CS (3-4)
Labrasol (14)

Miglyol 812 (oil)
Myvacet (oil)

Myverol 18-92 (3.7)
Soybean Oil

Tagat TO (11.3)
Tween 80 (15.0)

monoolein: propylene glycol (90:10)

C,4/C,, mono-/diglycerides from coconut oil

Cy/C,, diesters of propylene glycol from coconut
oil

Cy/C, triglycerides from coconut oil

Liquid Lecithin

polyoxyethylene glycerol triricinoleate 35 DAC

Cg/C, polyglycolyzed glycerides from coconut
oil

primarily oleic acid (C,g.;) polyglycolysed glycer-
ides from apricot kernel oil

primarily linoleic acid (C,z.,) polyglycolyzed glyc-
erides from corn oil

Cy/C,o polyglycolyzed glycerides from coconut
oil

Cg/Cy triglycerides from coconut oil

distilled acetylated monoglycerides

distilled sunflower oil monoglyceride (90% glyc-
eryl linoleate)

primarily oleic (25%) and linoleic (54%) triglycer-
ides

polyoxyethylene (25) glycerol trioleate

polyoxyethylene (20) sorbitan oleate

ICI Americas (Wilmington, DE)
Abitec (Columbus, OH)
Abitec (Columbus, OH)

Abitec (Columbus, OH)

Central Soya (Fort Wayne, IN)
BASF (Parsippany, NJ)

Gattefosse (Westwood, NJ)
Gattefosse (Westwood, NJ)
Gattefosse (Westwood, NJ)
Gattefosse (Westwood, NJ)

Huls, America (Piscataway, NJ)
Eastman Chemicals (Kingsport, TN)
Eastman Chemicals (Kingsport, TN)
Croda (Mill Hall, PA)

Goldschmidt Chem. (Hopewell, VA)
BASF (Parsippany, NJ)
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Miglyol 812, a mixture of Cg/C,, triglycerides (Table 1), is
present in a marketed soft gelatin capsule of Vitamin D5 (19).

Recently polyglycolyzed glycerides (PGG) with varying
fatty acid and polyethylene glycol (PEG) chain lengths and
thus varying HLB, in combination with vegetable oils have
been used to solubilize poorly water-soluble drugs and im-
prove their bioavailability (6). According to the manufac-
turer, these products are derived from selected, high purity,
food grade vegetable oils which are reacted with pharmaceu-
tical grade PEG and therefore expected to be well tolerated
by the body. The work by Shah et al. (6) where factors con-
trolling lipophilic drug release and absorption from SEDDS
with polyglycolyzed glycerides have been thoroughly inves-
tigated, should serve as a useful reference in properly select-
ing polyglycolyzed glycerides for similar drug delivery ap-
plications.

Lecithin-based microemulsions, both o/w and w/o, are
recently being considered as alternative drug delivery sys-
tem that avoids problems of toxicity associated with some of
the non-ionic surfactants (2). However, since lecithin is too
lipophilic (HLB = 4.0) and has a tendency to form lamellar
liquid crystalline phases, short-chain alcohols are often in-
cluded to alter the HLB and aid emulsification by destabi-
lizing the liquid-crystalline phases (20). Thus far, phospho-
lipid microemulsions have primarily been used for topical
drug delivery (2) and their potential for oral drug delivery
needs to be determined.

Microemulsion Formulation and Drug Incorporation

Phase Diagrams

Microemulsion existence fields can be identified from
ternary phase diagrams of systems containing oil-surfactant-
water. Fig. 1 shows a hypothetical pseudo-ternary phase di-
agram that represents schematically conventional micelles
(L1 Phase), reverse micelles or w/o microemulsions (L2
Phase), o/w microemulsions and coarse emulsions. In the
absence of water, oil-surfactant mixtures can be either clear
and isotropic solutions (SEDDS) or oily dispersions (Fig. 1)
depending on the nature of the oil and surfactant and their
mixing ratio. Since water-in-oil microemulsions are also
known as reverse micelles or L2 phase, these two phases are
represented by the same field on the phase diagram (Fig. 1).
Coarse emulsions which are thermodynamically unstable
two-phase dispersions are represented on the right side of
the phase diagram and along the oil-water line (Fig. 1). In
mixtures of oil, water and surfactant several other associa-
tion structures are formed, such as lamellar, hexagonal and
cubic phases and detailed phase diagrams describing these
phases can be found in the literature (1,2). These phases,
however, although of interest to drug delivery, are beyond
the scope of this review article. In terms of their microstruc-
ture, o/w and w/o microemulsions are very complex and
dynamic systems with intermediate bicontinuous structures
being present between the o/w and w/o regions (Fig. 1).
These phases are also referred to as type I, II or III Winsor
microemulsions and represent microemulsions in equilib-
rium with excess water, excess oil or both (1). Much of the
interest in multiphase microemulsion systems is focused on
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Fig. 1. A hypothetical pseudo-ternary phase diagram of an oil/
surfactant/water system with emphasis on microemulsion and emul-
sion phases. Within the phase diagram, existence fields are shown
where conventional micelles (L1 phase), reverse micelles or w/o
microemulsions (L2 phase) and o/w microemulsions are formed,
along with the bicontinuous microemulsion and coarse emulsion
phases. Qutside the phase diagram, surfactant microstructures in
various phases are schematically indicated. In the absence of water,
oil-surfactant blends can be either ciear isotropic solutions (SEDDS)
or oily dispersions depending on the nature of the oil and surfactant
and the oil-to-surfactant ratio.

their applications in enhanced oil recovery and biotechnol-
ogy (1).

SEDDS are formulated in the absence of water by mix-
ing an oil with a non-ionic surfactant or polyglycolyzed glyc-
eride (4-6) and a lipid-soluble drug to form an isotropic oily
solution. Upon dilution or in vivo administration they formed
fine o/w emulsions. In order to formulate self-emulsifying
o/w and w/o microemulsions, however, an oil, a blend of two
surfactants and an aqueous phase (water or saline) is used,
that is, a total of four basic components. These systems can
best be described by pseudo-ternary phase diagrams where,
a constant ratio of two of the components is used, and the
other two are varied (1,2,15). For example, the mixture of
the oil and the oil-soluble low HLB surfactant can be held
fixed and titrated with known amounts of the high HLB
surfactant and water (11,15). Since the formation of the mi-
croemulsion is thermodynamically favored, the order of ad-
dition of the components should not have any effect on the
final size and stability of the particle.

For preparing microemulsions incorporating long-chain
glycerides, such as soybean oil and monoolein, the various
components are added and mixed at temperatures between
40-60 °C in order to reduce viscosity. For components which
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are solid at room temperature, such as monolein, premelting
at the appropriate temperature is necessary before mixing
with the oil and other surfactants. For these systems, further
equilibration of the resulting microemulsion at 40-50°C for
about 24 hrs was found to improve stability (15). Microemul-
sions incorporating medium-chain glycerides can be formed
spontaneously at room temperature over a wide range of
compositions (11,15) when their components are brought
into contact, that is without the application of high energy or
the inclusion of short-chain alcohols that are known to cause
tissue irritation (14). Formulation at ambient temperature is
particularly advantageous for thermolabile drugs, particu-
larly peptides. The formation and stability of microemul-
sions consisting of non-ionic components (o0il plus surfac-
tants) is not affected by the pH and/or ionic strength of the
aqueous phase in the pH range between 3 and 10. This prop-
erty can be beneficial for drugs and other molecules exhib-
iting higher solubility and/or stability at low or high pH.

Drug Incorporation into Microemulsions

In properly selecting a suitable microemulsion system
for drug solubilization and delivery it is important to have
some pre-formulation data, particularly aqueous and/or oil
solubility or even better oil/water partition coefficients
(11,17) along with in vitro membrane permeability data
across different regions of intestinal tissues (21). The drug
classification by Amidon et al. (22) based on drug solubility
and intestinal permeability best described some of the fac-
tors controlling the drug dissolution and absorption process.
This new biopharmaceutical drug classification is adapted in
Table 2 of this review article along with the recommended
microemulsion systems to address drug dissolution and ab-
sorption for each of the four drug classes (22). It should be
emphasized, however, that in order to design efficient mi-
croemulsion system(s) to address specific drug delivery
needs, computational modelling along with physicochemical
studies of both the drug and the microemulsion system(s) are
necessary to better understand drug structure/micro-
emulsion composition/permeability correlations.

For SEDDS and o/w microemulsions the drug is solubi-
lized in the oil or the oil/surfactant blend whereas, for w/o
microemulsions the drug is preferably solubilized in the
aqueous phase followed by the addition of oil/surfactants.

Constantinides

The amount of drug incorporated into a given microemulsion
is dependent on its relative solubility in the various compo-
nents of the system, particularly on its oil/water partition
coefficient. Preformulation data that includes aqueous solu-
bility, as well as solubility in selected microemulsion excip-
ients (Table 1) is useful and it should preceed any micro-
emulsion formulation work. In addition, it is necessary to
investigate what effect the drug has on the formation and
stability of the microemulsion particle using some of the
physicochemical methods that are described in the next sec-
tion. Phase diagrams should be constructed in the presence
of a particular drug, particularly if the drug is surface active
and thus expected to significantly affect the microemulsion
region.

Physical Characterization of Microemulsions

Once the construction of the phase diagram is complete
and the microemulsion existence field has been identified,
simple tests, such as dye solubilization, dilutability by the
excess of the dispersed phase and conductance measure-
ment (23) are employed to identify the structure of water-
containing microemulsions. Oil-in-water microemulsions
where the external phase is water are highly conducting,
whereas w/o are not, since water is the internal or dispersed
phase. Likewise, o/w microemulsions are dilutable with wa-
ter, whereas w/o are not and undergo a phase inversion into
o/w micro-emulsions (9,10) a property that may have in vivo
implications. Finally, a water-soluble dye is solubilized
within the aqueous phase of the w/o particle but is dispers-
able in the o/w particle. Non-aqueous microemulsions
(SEDDS) can easily be identified as clear and transparent
oil-surfactant blends in the absence and presence of a li-
pophilic drug. Further physical characterization of micro-
emulsions involves measurement of the interfacial tension
(1), determination of density, refractive index and viscosity
(11,15,24) and particle size (2,10,25). A thorough review by
Kahlweit et al. (26) is focused on different experimental tech-
niques used to study microemulsions and it should serve as
useful reference for those interested in obtaining further in-
sight into the dymamics of microemulsion structure. Table 3
summarizes some of the physical properties of representa-
tive w/o microemulsions incorporating long- vs medium-
chain glycerides and saline as the aqueous phase (15). Major

Table 2. Potential Microemulsion Systems for Oral Drug Delivery Based on Aqueous Solubility and
Membrane Permeability Considerations®

Potential
Aqueous Membrane Microemuision
Solubility Permeability System Aanticipated Drug Delivery Benefits
High High Ww/O stabilization and protection against chemical and
enzymatic hydrolysis
High Low w/0 stabilization and protection against chemical and
enzymatic hydrolysis, increased bioavailability®
Low High SEDDS, O/W improved solubilization and dissolution, increased
bioavailability®
Low Low SEDDS, O/W improved solubilization and dissolution, increased

bioavailability”

2 Adapted from ref. 22.
® Increased rate and/or extent of absorption.
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Table 3. Comparison of the Physical Properties of Self-Emulsifying
Water-in-Oil Microemulsions Incorporating Long- vs Medium-
Chain Glycerides (ref. 15)

Physical Property® Long-Chain® Medium-Chain®

Density (gr/cm?) 0.9010 0.9677
Refractive Index 1.471 1.449
Viscosity (cP) 125.1 56.7
Conductance (pmhos/cm)¢ 0.177 0.540
Droplet Diameter® (nm)

(mean = sd) 103 £ 2.5 15.2 £ 4.1
Polydispersity® 0.114 0.153

2 Determined at room temperature.

® Soybean oil/Arlacel 186/Tween 80/Saline (65/22/10/3, % w/w).

¢ Captex 355/Capmul MCM/Tween 80/Saline (65/22/10/3, % wiw).

9 The conductance of saline alone was 13,400 mhos/cm.

¢ Both expressed as particle number results; a polystyrene beads
standard of 63 nm produced a particle with a mean droplet diam-
eter of 64.2 *= 15.1 nm and a polydispersity of 0.031.

differences in density, refractive index and viscosity can be
seen whereas, similar conductance and particle size were
obtained. The extremely low conductance and particle size
of these microemulsions is characteristic of a thermodynam-
ically stable w/o particle. Interestingly, saline alone had a
conductance of 13,400 pwmhos/cm (Table 3).

ORAL DRUG DELIVERY APPLICATIONS OF
MICROEMULSION SYSTEMS/CASE STUDIES

SEDDS and O/W Microemulsions

Early work by Pouton (4) on the physical chemistry of
SEDDS was very useful and has led to the establishment of
these systems for the oral administration of lipophilic drugs
that are subject to dissolution rate limited absorption. An
efficient SEDDS should, a) be able to form a fine emulsion
having particle size of less that 5 pm upon dilution with
aqueous media under mild agitation (4-6), and, b) produce oil
droplets of appropriate polarity which permit a faster drug
release to the aqueous phase (6). In a subsequent study,
Charman et al. (5) showed that a self-emulsifying formula-
tion of a lipophilic drug WIN 54954 (5-[5-[2,6-dichloro-4-
(dihydro-2-oxazolyl) phenoxy]pentyl]-3-methylisoxazole)
that consisted of a medium-chain triglyceride (Neobee MS5)/
non-ionic surfactant (Tagat TO)/drug (40/25/35, % w/w), can
be emulsified rapidly upon gentle agitation in 0.1 N HCl at 37
°C producing emulsions with mean droplet diameter of less
than 3 um. When the absolute bioavailability of the drug in
fasted dogs from a soft gelatin capsule of the self-emulsifying
formulation was compared to that produced from a PEG 600
solution in a capsule, no significant differences in bioavail-
ability from these two formulations were observed (5). The
SEDDS however, improved the reproducibility of the plasma
profile in terms of the maximum plasma concentration
(Chax) and the time to reach the maximum concentration
(tan)-

Although several non-ionic surfactants can be used in
combination with vegetable oils to produce SEDDS, poly-
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glycolyzed glycerides (Table 1) are effective emulsifiers. It
has been shown (6) that the molecular weight of PEG in
glyceride, the fatty acid chain length and degree of unsatur-
ation, as well as, the concentration of glyceride in the
SEDDS play a crucial role in optimizing the performance of
the SEDDS (6). Monitoring the release of a lipophilic drug,
Ro 15-0778, which is a naphthalene derivative (6), from sev-
eral SEDDS using different polyglycolyzed emulsifiers, it
has been found that Labrafac CM 10 with an HLB of 10
(Table 1) produced the highest release rate. Furthermore,
both the dissolution of Ro 15-0778 and pharmacokinetic pa-
rameters upon oral administration to non-fasted dogs from a)
SEDDS, b) drug solution in PEG 400, (control) ¢) capsule
formulation of wet-milled spray dried powder, and d) tablet
formulation of micronized drug, were determined and com-
pared and Fig. 2 and Table 4 summarize these data (6). As
can be seen from Fig. 2 and Table 4, the use of the SEDDS
resulted in both improved dissolution and absorption (in-
creased C,,, and AUC) as compared to the other oral dos-
age forms.

Self-emulsifying formulations of new lipophilic benzo-
diazepine compounds which can be filled into hard or soft
gelatin capsules for oral administration have been recently
patented (27). These formulations contain propylene glycol,
polyglycolyzed glycerides, such as, Labrafil M 2125 CS or M
1944 CS or Labrasol in combination with Tween 80 (Table 1)
and are claimed to be useful for the treatment of pain, panic
or anxiety.

Improved dissolution and oral absorption of Indometh-
acin in the rat from a self-microemulsifying drug delivery
system (SMEDDS) incorporating polyglycolyzed glycerides
as compared to an aqueous suspension of the drug has also
been recently reported (28). This SMEDDS is similar to
SEDDS and consists of an oil, surfactant and co-surfactant
mixture which emulsifies spontaneously when diluted with
water under gentle stirring (28). Its applicability to other
lipophilic drugs/peptides need to be determined.

The use of o/w microemulsions, for oral drug delivery
has centered around lipophilic peptide delivery, particularly
of Cyclosporine. Two oral dosage forms of Cyclosporine are
available commercially, which are marketed by the name
Sandimmune, an olive oil-based solution that also contains
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Fig. 2. In vitro dissolution profile of Ro 15-0778 from different for-
mulations. (@) SEDDS; (V) 1.2 % PEG 400; (A) wet milled spray
dried powder; (M) micronized drug. (Source: ref. 6 with permission)
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ethanol and Labrafil M 1944 CS (Table 1) and a soft gelatin
formulation that contains, corn oil, gelatin, glycerol, dehy-
drated ethanol and Labrafil M 2125 CS (Table 1). The extent
and rate of absorption of the drug, however, from this for-
mation varies widely, both within-patient and between pa-
tient populations, with the oral bioavailability being in the
range from about 7-90% and the time to reach peak plasma
concentration between 1.5 to 22 hrs (7). Therefore, there has
been a need to develop an orally effective formulation of
Cyclosporine with more consistent absorption characteris-
tics and several investigators began exploring this possibility
using different microemulsion systems.

In a systematic study, Ritschel (3,29,30) reported on the
gastrointestinal absorption of Cyclosporin A using a number
of o/w microemulsion systems. Three different physical
forms of microemulsions were employed: a) a liquid micro-
emulsion for in situ studies using the isolated segment rat
model to determine absorption site, b) a microemulsion gel
formed by the addition of silicon dioxide for rectal bioavail-
ability studies, and c) a microemulsion gel encapsulated into
hard gelatin capsules for peroral administration to dogs. Re-
sults from a) and b) indicated that the absorption of cyclo-
sporin A followed the order: small intestine > rectum >
large intestine = stomach. The results from c) in dogs (29)
showed no difference in both the absolute and relative bio-
availability between the commercially available Sandim-
mune solution and an o/w microemulsion formulation (3,29).
Similar experiments were carried out in rats (3,30) where the
standard Sandimmune p.o. solution and two different micro-
emulsion formulations were administered perorally by intra-
gastric feeding tube and the results are shown in Table 5
(3,30). An approximately 3-fold increase in absolute bio-
availability was observed with one of the microemulsions
compared to the Sandimmune solution (Table 5). However, a
similar microemulsion formulation in which branched chain
fatty acid esters were substituted for long-chain fatty acid
esters gave no significant improvement in bioavailability
over the standard oral solution (Table 5). Although the
smaller droplet size in the microemulsion as compared to
that of coarse emulsion plays a role in improving absorption,
certainly other factors need to be considered, such as, the
type of the lipid phase and surfactants in the microemulsion
and the digestibility of the lipid used (3). A working model
based on a hypothesized mechanism utilizing lipid absorp-
tion pathways by which peptides are being absorbed from
microemulsions given perorally has been proposed by
Ritschel (3). However, caution should be exercised in pro-
posing lipid absorption pathways for the uptake of micellar
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lipid-based carriers (31), such as mixed micelles and micro-
emulsions, since only monomeric lipid molecules are known
to permeate intestinal epithelial cells (32).

A new cyclosporine formulation (Sandimmune Neoral)
has recently been developed by Sandoz (33) and is now a
marketed product in Europe and in clinical studies else-
where. This new formulation is a microemulsion preconcen-
trate that is similar to the earlier discussed SEDDS and it
contains cyclosporin A, along with a surfactant, a hydro-
philic cosolvent and a blend of lipophilic and hydrophilic
solvents (33). Due to compositional differences in the oil and
surfactant between the original Sandimmune and Sandim-
mune Neoral, the later formulation forms an o/w microemul-
sion upon in vivo self-emulsification (33) whereas the former
formulation forms a crude emulsion. In clinical studies,
Sandimmune Neoral, has shown to produce reduced inter-
and intrapatient variability in cyclosporine pharmacokinetics
when compared to the marketed original Sandimmune (8).
Representative data comparing the pharmacokinetics of
these two cyclosporine formulations in stable renal trans-
plant patients is given in Table 6 (33). As can be seen from
these data, this new oral formulation of cyclosporin A offers
substantial advantages over the currently marketed Sandim-
mune formulation with respect to the consistency and extent
of absorption. It exhibits, reduced t,,, increased C,,,, and
AUC and thus improved oral bioavailability with less vari-
ability (Table 6). In addition, the cyclosporine pharmacoki-
netics with the Neoral formulation was less affected by the
presence of food (Table 6). Independent studies (34) have
demonstrated improved dose linearity of cyclosporine phar-
macokinetics from the latter formulation. It is very likely,
that the differences between these two soft gelatin oral for-
mulations of cyclosporine and the advantages seen with the
Sandimmune neoral may be due, at least in part, to the mi-
croemulsion structure and composition of this formulation.

W/O Microemulsions

Water-in-oil microemulsions have been rationally de-
signed to overcome metabolic and physical barriers to water-
soluble drug molecules, particularly peptides and proteins.
Recent reports and patent literature describe self-emul-
sifying water-in-oil microemulsions (11,12,15,35-37) which
are particularly attractive for peptide delivery since they do
not require high temperature and/or homogenization for their
preparation a condition which is undesirable for labile pep-
tides and proteins. What has contributed to the rapid growth
of w/o microemulsions as an oral drug delivery vehicle over

Table 4. Pharmacokinetic Parameters of Ro 15-0778 from Different Formuiations in Non-fasting Dogs?

Relative
Cinax tnax AUC Bioavailability
Formulation (pg/ml) (h) (mghml™Y (%)

Self-emulsifying solution (SEDDS) 5.57 2.50 29.77 389.0
Drug solution in PEG 400 (control) 1.44 2.00 7.64 100.0
Capsule formulation of wet-milled spray dried

powder 0.78 3.00 2.69 35.3
Tablet of micronized drug 0.58 2.00 1.32 17.2

2 Source: ref. 6, with permission.
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Table 5. Pharmacokinetic Parameters of Cyclosporin A Absorption in the Rat after Peroral Adminis-
tration in Sandimmune Solution and Two Microemulsion Formulations

Sandimmune Microemulsion Microemulsion
Parameters?® Solution ME 11° ME 14°
Absolute Bioavailability
(%F) 11.8 =238 414 = 18.1 15,0 = 3.3
Relative Bioavailability
(% EBA) 100 (standard) 4471 =+ 287.6¢ 147.2 = 26.5
C ax (ng/ml) 1.95 = 0.03 436 = 1.659 3.72 = 1.35
tmax () 4.35 = 0.59 9.00 = 347 425 = 0.50

2 Average + SD.

® Containing Cetiol A (lauric acid hexylester) as the oil phase, a blend of Brij 35 (polyoxyethylene
lauryl ether) and Arlacel 186 (Table 1) as surfactants, isopropanol as a cosurfactant and distilled

water.

¢ Same as in M11 except that Cetiol A was replaced with Purcellin (branced fatty acids with 13

molecules of ethyleneoxide).

4 Significantly different from p.o. solutions (p < 0.05).

Source: ref 3, with permission.

the last five years or so, however, was the early report (38)
that the absorption of insulin, calcitonin and growth hor-
mone can be enhanced upon formulation in a complex water-
in-0il microemulsion, a chylomicron-type particle, which is
prepared by homogenization at high temperature (38). How-
ever, it has later appeared that this system, besides its com-
plexity for processing and manufacture, requires further ver-
ification and appropriate controls.

Using w/o microemulsions incorporating long-chain
fatty acid esters, surfactants and co-surfactants (isopro-
panol), Ritschel and co-workers (3) showed that absorption
of vasopressin in rats from ligated small intestinal segments
was increased by about two-fold when the peptide was for-
mulated in the microemulsion as compared to an aqueous
solution (3). In similar studies with insulin (3,39) it was found
that the optimal site for absorption of insulin from a micro-
emulsion was the small intestine. They observed signifi-
cantly higher pharmacologic availability of insulin in the co-
lon of dogs when formulated in a colon-released capsule en-
capsulating a gel microemulsion (3). As in their studies with
cyclosporin A (3,29,30) they found that the composition of
the microemulsion strongly influenced absorption of both
vasopressin and insulin based on pharmacologic availability
3. _

Water-in-oil microemulsions encapsulating water-
soluble biologically-active materials, such as peptides, have
been reported by Owen et al. (35). These ‘‘convertible’’, w/o

microemulsions upon addition of an aqueous fluid are con-
verted to an o/w microemulsion releasing the encapsulated
water-soluble molecule. Microemulsions incorporating me-
dium-chain glycerides are claimed to improve the room tem-
perature stability of encapsulated proteins and depending on
their composition they can significantly improve the oral and
rectal absorption of calcitonin in the rat based on calcium
and phosphate serum level reduction (35).

Using several w/o microemulsions (11,12,35,36) of dif-
ferent composition and particle size we have demonstrated
significant bioavailability enhancement of a highly water-
soluble and poorly absorbed RGD peptide, SK&F 106760
(40) upon intraduodenal administration to rats. This cyclic
tetrapeptide [cyclo(S,S)-(2-mercapto)benzoyl-(Na-methyl)-
Arg-Gly-Asp-(2-mercapto)-phenylamide] has a MW of 634
(acetate salt), and is zwitterionic in the physiological pH
range (40). Its equilibrium solubility at 25 °C in 0.010 M Tris
buffer pH 7.4 is 54 mg/ml (12) and in physiological saline or
dilute acetic acid exceeds 100 mg/ml (12). Using a 1:1 (v/v)
mixture of Capmul MCM and Ringer’s buffer, its oil/buffer
partitioning at 37 °C was found to be 13/87 (12). Thus, as
expected from its high aqueous solubility, SK&F 106760 par-
titions primarily in the aqueous phase of this two-phase sys-
tem and this is likely its distribution between the oil and
aqueous phase in a w/o microemulsion. In addition, this pep-
tide is enzymatically stable towards hydrolysis by intestinal
enzymes and has low membrane permeability (unpublished

Table 6. Mean (CV%) Pharmacokinetic Parameters Following Twice-Daily Dosing with Sandimmune
(SIM) or Sandimmune Neoral (SIMN) by Eleven Stable Renal Transplant Patients

SIM SIM SIMN SIMN
Parameter Fasting Non-fasting Fasting Non-fasting
tmax (1) 2.1(33.3) 2.6 (76.9) 1.5 (33.3) 1.2 (33.3)
Crax (ng/L) 663 (34.5) 528 (40.5) 997 (20.0) 892 (35.8)
Cooin (ng/L) 78 (30.8) 92 (29.3) 94 (22.3) 100 (23.0)
AUC (ng.h/L) 2645 (25.7) 2432 (24.3) 3454 (17.6) 3028 (19.7)
PTF % 261 (23.4) 212 (36.8) 317 (18.0) 309 (31.1)

All concentrations measured in whole blood at steady state. AUC was measured over a dosing interval.

PTF % = percentage peak-trough fluctuation.
Source: ref. 33, with permission.
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data). Due to its poor membrane permeability, the observed
oral bioavailability of this peptide from a solution is low
(Table 7) thus making it a good candidate for absorption en-
hancement evaluation from w/o microemulsions.

The composition of the evaluated microemulsions along
with their droplet size and the bioavailability data are sum-
marized in Table 7. The intraduodenal bioavailability of this
peptide from a saline solution is less than 1% but increases
up to 29% from the various microemulsion formulations (Ta-
ble 7). Consistent with other findings (Table 5 and ref. 3,35),
enhanced absorption was found to be dependent on the lipid
composition of microemulsions, particularly lipids contain-
ing medium-chain fatty acids. There was no correlation be-
tween the particle size of microemulsion and the increased
bioavailability of the aqueous soluble SK&F 106760 (Table
7). In contrast, for lipophilic drugs/peptides, where absorp-
tion is dissolution rate limited, a strong correlation was
found between the particle size of the emulsion and bioavail-
ability (41,42). A w/o microemulsion formulation of SK&F
106760 with lipid composition similar to that of ME1 and
ME2 of Table 7, administered intraduodenally to dogs, (n =
4) resulted in about a 10-fold bioavailability enhancement
when compared to a saline formulation of the peptide (un-
published data).

We have also evaluated the approach of enhancing in-
testinal absorption from w/o microemulsions using Calcein
[5(6) carboxyfluorescein, MW = 623] a water-soluble
marker molecule. Interestingly, although Calcein and the
structurally unrelated RGD peptide have very similar size
(MW of about 650), unlike the zwitterionic RGD peptide,
Calcein is negatively charged at physiological pH. The sol-
ubility of Calcein at 25 °C and pH 7.4 exceeds 100 mg/ml and
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its oil/buffer partitioning in the Capmul MCM/Ringer’s buffer
(1:1) system at 37 °C was found to be 7/93 (11). That is, as the
RGD peptide, Calcein can be found primarily in the aqueous
phase in an oil/water system. From intestinal absorption en-
hancement perspective, the intraduodenal bioavailability of
Calcein in the rat can be enhanced from about 2 % in isotonic
10 mM Tris, pH 7.4 to about 45 % in the ME2 microemulsion
of Table 7 where the aqueous phase of the microemulsion
(saline) was replaced by isotonic 10 mM Tris, pH 7.4 (11).

DEVELOPMENT ISSUES WITH ORAL
MICROEMULSION FORMULATIONS

Commercial Viability

Oil-based soft gelatin capsule formulations of drugs
have been on the market as oral medications since early
times. However, while considerable progress has been made
towards understanding bioavailability of solids from tablets
or capsules, there is still not sufficient information in the
literature, on the effects of o0il(s)/lipid(s) on the absorption of
drugs presented in soft gelatin capsules, particularly with
lipid microemulsion formulations. For pharmaceutical pur-
poses, each gelatin capsule for oral administration can con-
tain between approximately 0.1 and 1.0 gr of formulated lig-
uid or semi-solid. Therefore, for a commercially viable soft
gel capsule formulation that is intended for human use, the
dose volume is restricted to about 0.5 ml/capsule or 0.010
mlkg (for a 70 kg human). Most of the experimental work
with animals, however, reported improved bioavailability at
much higher administration volume of oils/lipids, thus mak-
ing any comparisons with human dose difficult. An early

Table 7. Intraduodenal Bioavailabilities of an RGD Peptide (SK&F 106760) in the Rat from W/O Microemulsions of Different Composition
and Particle Size (ref. 11,12)

% F¢
Droplet Diameter® (mean = sd)
ME Composition® (%, w/w) {mean * sd) n=23
MEIl Captex 200/Capmul MCM/Centrophase 31/Cremophor EL/Saline 26.4 = 11.0 29.1 = 7.1
(68.3/8.3/1.6/16.5/5.3)
ME2 Captex 355/Capmul MCM/Tween 80/Saline (65/22/10/3) 152+ 4.2 27.4 = 8.9
ME3 Captex 200/Centrophase 31/Cremophor EL/Saline (76.5/1.6/16.6/ 585.2 + 303.7 19.4 + 11.8
5.3)
ME4 Captex 200/Capmul MCM/Myverol 18-92/Cremophor EL/Saline 29.5 = 10.1 144+ 44
(76.5/9.3/1.0/10.0/3.2)
MES Captex 200/Capmul MCM/Centrophase 31/Tween 80/Saline (76.6/ 183+ 4.8 7.44
9.3/2.1/8.7/3.3)
ME6 Myvacet/Capmul MCM/Myverol 18-92/Cremophor EL/Saline 16.5 = 4.0 5.4+ 22
(76.9/9.1/1.0/9.8/3.2)
ME7 Captex 200/Dicaprin/Centrophase 31/Cremophor EL/Saline (76.5/ 760.1 = 296.7 25+ 1.9
9.3/1.0/10.0/3.4)
MEI1-C*® same as in ME1 same as in ME1 53+ 3.6
Saline NA NA 0.5 03

2 The chemical names of the excipients are given in Table 1.

® Based on particle number distributions (peptide-free microemulsions).
¢F = (AUC,/AUC,,) x (Dose; /Dose;y) x 100; where, AUC is the area under the plasma concentration-time curve in mg.min/ml; the
administered dose of the peptide (mg/kg) was 6.5 for ME1 and ME3, 8.4 for ME2 and 10 for saline and the rest of the microemulsions; the

administered microemulsion volume was 3.3 ml/kg.
da
n =1

¢ Administration of ME1 (peptide-free) first, followed in 15 min with 10 mg/kg of the peptide in saline.
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report in the literature (43) has demonstrated indeed that the
oral absorption of an anti-iflammatory lipophilic drug using
oily solutions or suspensions incorporating long- or medium-
chain glycerides, was strongly dependent on the dose vol-
ume of the lipid vehicle in the more clinically relevant range
of 0.020-0.100 ml/kg. Gastric emptying in the rat was found
to be directly related to the administered lipid vehicle vol-
ume, i.e. the higher the volume (=0.100 ml/kg) the slower
the gastric emptying (43). In addition, the fluidity and digest-
ibility of the employed oil were found to affect drug absorp-
tion with greater effects being observed with more fluid i.e.,
less viscous digestible oils, such as medium-chain triglycer-
ides (43). Calcein bioavailability from a w/o microemulsion
administered intraduodenally to rats was found to be inde-
pendent of the dose volume in the range between 0.25 and
2.5 ml/kg (44). These administered formulation volumes/kg,
however, are still at least an order of magnitude above the
desired formulation volume per body weight or surface area
in a clinical dose of a given drug. The administered lipid
vehicle volume is expected to have not only physiological
effects on the intestine but also physical and structural ef-
fects on the intestinal mucosa and this issue is discussed in
the next section.

Mechanism(s) of Absorption Enhancement

As discussed earlier, in the case of lipophilic drug ab-
sorption from SEDDS or o/w microemulsions improved drug
dissolution appear to be the predominant mechanism by
which these systems improve oral absorption although for
lipophilic peptides, prevention of metabolism is another fac-
tor to consider. Very little is known, however, on the mech-
anism(s) by which w/o microemulsions enhance the oral bio-
availability of water-soluble drugs/peptides. Although mech-
anisms implicating lipid absorption pathways have been
proposed (3,38), such mechanisms are not supported by
what is known in terms of lipid uptake into the intestinal
mucosa (31,32) In vivo, w/o microemulsions undergo phase
inversion releasing the encapsulated drug (10,35). The exact
nature of the in vivo particle, however, as well as the site of
drug release are largely unknown. One of the proposed
mechanisms is based on enhancer (medium-chain glycer-
ides)-induced structural and fluidity changes in the mucosal
membrane thus resulting in significant permeability changes.
Supporting this mechanism is the fact that several in vitro
studies have shown that medium-chain glycerides markedly
affect the permeability of paracellular markers (13,45,46).

Using medium-chain glyceride formulations of B-lactam
antibiotics (16) site-specific absorption enhancement has
been obtained with larger effects being observed in the lower
than in the upper intestine. In those studies (16) fasted dogs
(n = 4) were dosed with 300 mg of cefmetazole sodium in a)
enteric coated capsules filled with 2 g of medium-chain glyc-
erides, b) uncoated capsules filled with 2 g of medium-chain
glycerides, and c) enteric coated capsules filed with cefmeta-
zole sodium powder. The obtained absolute bioavailabities
were, a) 64.8 = 11.0, b) 20.8 = 3.8, and ¢) 5.6 = 1.7 (16).
These results are straightforward and emphasize the suitabil-
ity of enteric coated capsules in inducing a strong absorption
enhancement effect by medium-chain glycerides and are
consistent with those of other studies using microemulsion
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formulations of peptides (3). In addition, in vitro studies (46)
indicated that Capmul MCM (Table 1) affected electrical and
permeability properties of rabbit intestinal epithelium with
the distal colon being more sensitive than the ileum. Al-
though there exist structural/compositional differences be-
tween upper and lower gastrointestinal mucosal membranes
(3,13,45), there is probably a common mechanism by which
medium-chain glycerides enhance absorption throughout the
gastrointestinal tract and it may involve villus cells in the
ileum and surface cells in the distal colon (13,46). Clearly a
better understanding of the biophysical characteristics of the
epithelial membranes and enhancer-membrane interactions,
is necessary in order to elucidate the mechanism by which
certain drugs/peptides cross mucosal membranes from mi-
croemulsion and other formulations incorporating absorp-
tion enhancers.

Toxicity/Safety

There are several points to consider when using absorp-
tion enhancers in a dosage form and several review articles
can be found in the literature that describe both absorption
enhancement technologies and mechanisms (13,45,47).
Some of these points include: a) whether the enhancer
causes irritation and tissue damage, b) whether the action is
reversible, c¢) the effects of repeated administration, d)
whether the enhancer maintains the structural integrity of
the mucosa or potentially interacts with mucosal proteins
and lipids, e) whether there is any selectivity in the action of
the enhancer, that is, it promotes the permeation of the drug
only and not of any other formulation components/
excipients and/or contents of the intestine, f) how the en-
hancer is being metabolized and, g) the overall safety of the
enhancer. It is obvious that these effects may have serious
toxicological implications and must be carefully evaluated
when considering absorption enhancers for product devel-
opment.

In some of the oral drug delivery studies in animals
(rats) using microemulsion formulations at different dosing
volumes, tissue irritation is usually evaluated by gross ex-
amination of the entire gastrointestinal tract at the conclu-
sion of the absorption studies (11,12). Absence of any lesions
is, in general, indicative of no tissue damage (11,12). How-
ever, a more definitive histological examination is required in
order to assess acute local toxicity and mucosal damage as
described by Swenson et al. (13,48). Using a single pass rat
intestinal perfusion system (48) they ranked different surfac-
tants (bile salts, Tween 80 and sodium dodecyl sulfate) for
their absorption enhancing ability using phenol red as a
model compound. The observed absorption enhancement ef-
fect was then correlated to biochemical and morphological
effects of these surfactants on the intestine. Release of en-
zymes, such as LDH, and lipid phosphate accompanied
some of the surfactants employed (48) and suggested some
intestinal wall damage by these surfactants. Further histo-
logical examination demonstrated, at least qualitatively, that
the release of the aforementioned cellular markers was as-
sociated with tissue damage and it was not only due to in-
creased mucosal permeability (48). Interestingly, upon re-
moval of the surfactant both biochemical and histological
markers returned to their normal levels, suggesting revers-
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ibility in the action of the enhancer and ability of the epithe-
lial cells to rapidly repair the damage (48). Although encour-
aging, it should be emphasized that these studies, as well as
others (13,45), only address short-term effects of absorption
enhancers/surfactants and there is a need for chronic oral
toxicity studies of each enhancer-containing formulation,
preferably in a gelatin capsule using a suitable animal model.
Results from these studies would allow a therapeutically use-
ful window to be identified between the absorption enhanc-
ing and toxic dose of a particular surfactant. A versatile
absorption enhancer, perhaps by a combination of a syn-
thetic and a naturally occurring biopolymer that exhibits the
ideal toxicological and bioavailability profile will be a dream
come through for pharmaceutical development.

Range of Applicability

It is difficult to predict the in vivo behavior of drug
formulations using lipid microemulsions both non-aqueous
and emulsified ones. This can be ascribed to several factors,
both physical and physiological, that may affect drug absorp-
tion from these systems. These factors include: 1) whether
the drug is formulated in an oil or emulsified form and in the
later form how it is being distributed between the two
phases, 2) the absorption pathway of the drug, 3) the nature
and particle size of the in vivo emulsion, 4) the role of sur-
factants/enhancers, 5) the metabolic pathway of the oil (tri-
glyceride), and 6) the tendency of the formulation to slow
gastric motility and to promote emptying of the gall bladder.

Not surprising, reports in the literature have shown that
the absorption of drugs from oral dosage forms containing
oil(s)/lipid(s) is sometimes increased by the presence of a
lipophilic solvent and sometimes is unaffected or even de-
creased if the oil is non-digestible (49). It is therefore appar-
ent that any prediction of possible effects of lipid(s) on drug
absorption is dependent on the particular combination of the
drug and lipid involved, and this in turn has implications in
the formulation of lipid-based dosage forms. A useful ap-
proach frequently used to predict effects of lipids on absorp-
tion are in vitro drug release studies from lipid-base dosage
forms, particularly under simulated gastrointestinal condi-
tions. The nature of the drug and the lipid, as well as the
aqueous and lipid solubility of the drug are crucial factors
that control drug release/absorption from lipid-based dosage
formulations (49).

For SEDDS it has been shown (4-6) that the oil/water
partition coefficient of the drug and droplet size can modu-
late drug release. Droplet size upon dilution with aqueous
media is primarily controlled by the nature and concentra-
tion of the emulsifier, and phase diagrams of the oil/non-ionic
surfactant/drug can be constructed to identify regions where
maximum self-emulsification occurs (4-6). The higher the
concentration of the emulsifier, the smaller the droplet size
of the resulting emulsion and the faster the drug release (4-6).
The combination of small droplets along with a low oil/water
partition coefficient will allow for an optimum drug release
from SEDDS (6).

Likewise, drug release from microemulsions (o/w and
w/0), depends on a number of different process parameters,
such as oil/aqueous phase ratio, the droplet size, the distri-
bution of the drug in the phases of the microemulsion system
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and its diffusion rate in both phases (50). For water-soluble
dyes, such as methylene, bromophenol and sudan blue, us-
ing aqueous or medium-chain glyceride solutions, a good
correlation between their solubility in the medium-chain
glyceride and rectal absorption in the rat was observed (17).
The higher the aqueous solubility or the lower the solubility
in the medium-chain glycerides that is, the higher the water/
oil partition coefficient, the higher the bioavailability (17). It
is therefore not surprising that not all water-soluble drugs
can be formulated in water-in-oil microemulsions with a con-
comitant improvement of their intestinal absorption. Though
direct determination of drug distribution between the aque-
ous and oil phases of a microemulsion is difficult, water/oil
partitioning studies using the aqueous and oil phases of the
corresponding microemulsion (11,12,17) should be con-
ducted and correlated to the observed oral bioavailability
and/or in vitro permeability (11,46).

Scale-up and Manufacture

Some of the general issues with the scale-up of liquid
and semisolid disperse systems, such as compositional
changes, scale-up equipment, in-process controls and fin-
ished product specifications have recently been addressed
by the joint AAPS/FDA/USP Workshop III (51). In the case
of emulsions/suspensions, in-process controls such as the
rate, intensity and duration of agitation/mixing, emulsifica-
tion conditions (time, rate and temperature), order of addi-
tion, heat gain/loss and particle size reduction need to be
considered (51). One of the advantages of self-emulsifying
microemulsions over emulsions or suspensions, in relation
to scale-up and manufacture is that, they form spontaneously
upon mixing their components under mild agitation and they
are thermodynamically stable. That is, microemulsion prep-
aration requires only the availability of the most basic mixing
equipment. Furthermore, their manufacture is to a lesser
extent dependent on the careful control of manufacturing
process as, for example, during the preparation of emul-
sions. However, batch-to-batch variability of the excipients
which are natural products of varying degrees of purity, as
well as, chemical instabilities need to be addressed and eval-
uated as part of the formulation work. In addition drug sta-
bility, potency and release from oral dosage forms (gelatin
capsule) using microemulsion formulations need to be con-
sidered.

Liquid fill soft or hard gelatin capsules will continue to
be an attractive oral dosage form for microemulsion formu-
lations. In order to develop a product, however, using a soft
or hard gelatin drug formulation of a realistic size, the selec-
tion of the vehicle where the drug has maximum solubility
becomes an important issue to consider. In addition, issues
as the hygroscopicity of the contents inducing dehydration
of the gelatin shell or solute migration into the shell must also
be considered. It is important that these dynamic changes
are thoroughly investigated during the preformulation stage
in the development of a particular soft or hard gel product.
These studies should also include solubility characteristics
of the drug to be encapsulated particularly in relation to
temperature and moisture effects. This information can then
be used to design fill liquid formulations which give optimum
conditions for drug solubility, physical stability and en-
hanced bioavailability.
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CONCLUSION

Specific examples of improved drug delivery character-
istics from microemulsion formulations, such as, increased
dissolution and oral bioavailability compared to more con-
ventional dosage forms have been discussed in the preceed-
ing sections. Unlike SEDDS and o/w microemulsions, how-
ever, where specific pharmacokinetic requirements have
been met with drugs/peptides already on the market i.e. cy-
closporin A, the commercial potential of w/o microemul-
sions has yet to be proven and most of the work to date has
been focused on a very productive pre-clinical research, par-
ticularly during the last five years or so. SEDDS are likely to
have increasing applications in the future as oral dosage
forms for lipid-soluble drugs/peptides. Selecting, however,
the most suitable system for a particular drug is always chal-
lenging and requires a better understanding of their drug
release and absorption characteristics. Further research and
development is necessary, taking into consideration the
aforementioned drug development issues, in order to estab-
lish a database on drug structure/microemulsion composi-
tion/ absorption relationships and rationally use this infor-
mation to design orally active dosage forms.
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