L.

IJPRA Journal

International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug. 2026, pp:282-297 www.ijprajournal.com
&N

Harnessing Self-Micro Emulsifying Drug Delivery Systems to
Overcome Solubility Barriers and Enhance Oral Bioavailability:
A Review

Pankti Patel!, Mahi Patel', Om Oza', Kris Solanki', Het Solanki®

Student at K.B. Institute of Pharmaceutical Education and Research, Kadi Sarva Vishwavidyalaya, Sector 23
Gandhinagar, Gujarat
?Assistant Professor at K.B. Institute of Pharmaceutical Education and Research, Kadi Sarva Vishwavidyalaya,
Sector 23 Gandhinagar, Gujarat

Date of Submission: 05-07-2026

Date of Acceptance: 15-07-2026

ABSTRACT

The pharmaceutical industry continues to struggle
with oral delivery of drug nominees That shows low
aqueous solubility, as approx. 40% of newly
synthesized medications are classified as poorly
water soluble. To address this limitation, self- micro
emulsifying drug delivery systems have been
designed as an advanced lipid-based platform that
instinctively generate fine oil-in-water micro-
emulsions when exposed to gastrointestinal fluid.
This review vitally examines the core concepts,
formulations, approaches, advanced analytical
research, and broadening clinical uses of SMEDDS
across multiple therapeutic areas. By combining
oils, surfactants and co solvents in balanced ratio,
SMEDDS maintains hydrophobic drugs in a
molecularly dispersed condition thereby boosting
oral bioavailability and diminishing variability
between and within subjects. Novelty such as
solidified SMEDDS, super saturable variants, and
environmentally responsive designs illustrate the
ongoing technological progress. Promising results
from clinically marketed SMEDDS-based products
in oncology, infection, and diseases.

KEYWORDS:

SMEDDS, micro emulsions, lipid-based delivery,
bioavailability, poorly soluble drugs, drug delivery
system

L. INTRODUCTION: ADDRESSING THE
SOLUBILITY CHALLENGE IN MODERN
ERA

1.The contemporary Problem of Drug Solubility:
Despite the introduction of other routes of

administration oral dosage forms remain widely

accepted because they offer a convenient delivery

method for the patients, low production cost and
ease in manufacturing and scale up while meeting
well established rules and guidelines for
approval.l"The limitation to these advantages
becomes apparent with the advent of new drug
molecules. It has been found that nearly four tenths
of the new chemical entities show poor solubility in
water that limits their absorption and biological
availability. ™As compounds are evolving into
larger and more lipophilic molecules with a more
complex three-dimensional architecture, required for
improved target selectivity, their miscibility with
aqueous dispersion decreases, thus limiting their use
as a stable drug formulation.

BIFor poor soluble drugs administered
orally as regular tablets, disintegration in
gastrointestinal fluids is a necessary first step prior
to absorption. Because of this prerequisite
disintegration step, the rates of drug absorption are
typically delayed, and consequently, weak and
unpredictable blood concentrations occur and
differences among patients are generally more
significant making treatment outcome less reliable.
If the drug substance also exhibits problems
crossing cell membranes, formulating them is
becoming increasingly more challenging, requiring
the development of new formulation strategies.

Many cancer agents are faced with poor
aqueous solubility. Consider paclitaxel, docetaxel or
certain campothecins; although these originate from
natural compounds, they show hardly any solubility
in water. [*)Protease blockers and integrase blockers
for use against viruses are predominantly extremely
fat soluble, typically with Log P values exceeding 5,
hence are practically insoluble in water./"Many
antifungal drugs such as amphotericin B or
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certainazoles share this drawback, thus requiring
development of appropriate formulation methods.

The primary drawback to poor solubility is
not only diminishing absorption. Inter-subject
absorption varies dramatically from person to
person, making the selection of dosage regimen or
design of clinical studies problematic. ?Also in
individual patients, results have been shown to vary
widely and even vary to an extent where stomach
acidity, presence of food and the rate of
gastrointestinal transit become determinants of the
drug absorption process. Meals have shown to have
a substantial impact on the degree of absorption of
drugs especially if solubility is poor.

Drug levels measured in blood can range
from two to ten fold higher with food than when
given in the fasting state.

II.  Historical Context and Evolution of
Lipid-Based Drug Delivery: -

The challenge was getting drugs to absorb
into the body in the first place; they just didn't
dissolve in water, and this limited the ways they
could be taken.'®IThings changed once doctors
discovered that eating fats aided the oral absorption
of some medicines, and this was soon followed by
deliberate attempts to dissolve the drug in some kind
of fat-like carrier. ?"Early attempts involved simple
oil solutions and conventional emulsions, however
problems arose because the way these mixtures
behaved during production was unreliable and often
batches produced results which were not consistent,
some products even entered the market with the
technique.

This led the pharmaceutical industry to take
an interest in this new methodology. ?!An important
step was the work done at Novartis when they
improved the performance of SandimmuneNeoral.
By designing a formulation which contained small
droplets which self-assemble in the stomach, the
body's absorption of cyclosporine A became much
more reliable when taken orally after organ
transplant, instead of erratic absorption via the
conventional route, giving the body a smoother
entry into the systemic circulation. ['NAbout the
same time as the breakthrough at Novartis,
Fortovase and Norvir began to show promise of
delivering more to the target site when dissolved
within a lipid-friendly vehicle to enhance oral
absorption of antiviral agents. The use of lipid
delivery systems was particularly useful for these

poorly bioavailable HIV drugs; their inability to
dissolve alone was overcome and solid, predictable
results were achieved. Clearly through trial and
error, it became apparent that encapsulating poorly
soluble drugs within an oily formulation provided a
new direction for delivery systems.

III.  Scope and Objective of Review: -

An investigation of the principles of
SMEDDS involves understanding the behavior of
miniscule interactions in the system, which is done
systematically, starting from basic principles and
moving on to more complex ones, using practical
examples. ['7Progress in SMEDDS can be observed
by noting the changes in experimental techniques
which uncover processes that occur within
SMEDDS. In other words, rather than speculating
performance, measurements are used, taking into
account body patterns of absorption. Some
formulations have been implemented in medical
practice as a result of gradual improvements made
in SMEDDS formulation. Theoretical concepts
translate into applied practices that allow for better
control of results without adding to the complexity
of the system.

CLASSIFICATION SYSTEM AND
FORMULATION FRAMEWORK

1.Lipid Formulation Classification System
[LFCS]

What helps distinguish the multitude of lipid
delivery systems??*IA system itself, of course. And
in deciding what sort of lipids and shape to use,
there is one clear classification that helps. *%The
LFCS (Lipid Formulation Classification System) of
Pouton, further clarified, and is divided into four
types. Consideration is given to composition,
physical-chemical characteristics, and
bioavailability within the body.

Type I Formulations: Oil-based, minimal-excipient
preparations represent Type 1. [’IThis category
includes simple structures wherein lipid content can
account for over ninety percent of the weight; the
remaining percentage consists of simply "oily
matter". [''Because of limited water miscibility,
dissolution is dependent on the enzymes of the gut.
Drug is only readily suitable for this formulation
type if the medication is extremely water-lipophilic,
as the spread through body fluids is facilitated by
the enzymes. When digestion processes the lipids
into simpler forms, absorption occurs readily. A lack
of naturally occurring digestion of the formulation
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means that only a narrow selection of drugs would
be readily absorbed through this method.

Type II Formulations:Unlike Type I, these
preparations consist of high quantities of surfactants
(20-60%). [**IThese preparations will readily self-
emulsify upon contact with water and produce
emulsions with 100-300nm sized droplets. The
moderate fat content (40-80%) facilitates quick
spread of the preparation in the body; the rapid
breakdown results in rapid uptake due to exposure
to a large surface area. Nevertheless, uptake will still
require the presence of lipase enzymes from the gut
to maximize the benefits.

Type IIIA and Type IIIB Formulations: Some
SMEDDS fall into Type IIIA or IIIB forms; these
preparations consist of high amounts of surfactant
and co-solvent, with low lipid content. Upon
addition to water, these formulations become clear
or slightly blue microemulsions.  Higher
concentrations of oil will be found in Type IIA
preparations while Type IIIB will include water-
loving surfactants and solvents. The smaller drop
size will further enhance absorption.

Type IV Formulations: Surfactant mixtures
without lipids will be present in Type IV
compositions. Typically consisting of only
surfactants and co-solvents, this type is efficient at
dispersing drugs in laboratory situations. However,
when added to water in vivo, crystallization, no
dissolution will likely occur. This formulation also
consists of non-digested lipids, thus slowing
absorption.

2. Biopharmaceutical Classification System

[BCS]

¢ Relationship of BCS: -There is a certain
system used by some to categorize
pharmaceutical drugs based on their solubility
and ability to pass biological barriers. It dates
from ages ago and attempts to illustrate the
correlation between experiments done in
laboratories on metabolism and the results of
the metabolic process in the body.

The categories of the system are defined based on

two criteria for each substance.

e High solubility and passing rate mean Class I.

e  poor metabolism but high passing rate
classifies substances into Class II.

. low dissolvability but high spreading rate
belongs to Class II1.

e Substances having neither good dissolvability
nor passing rates belong to Class IV.

This method is especially convenient when talking
about SMEDDS - tiny droplets which can deliver
molecules effectively even when the latter have
difficulty mixing in liquids due to good
permeability.

Many guidelines concerning medicine design focus
heavily on the behavior of drugs within the body. If
an entire tablet is dissolved entirely in less than 250
ml of water-based fluid irrespective of the level of
acidity, then it is considered very soluble.

On the other hand, absorption takes place
efficiently if greater than nine parts of the tablet go
directly into the blood stream following ingestion.
The presence of tiny droplets containing fats mainly
improves solubility, hence they work effectively
where absorption is not hindered by limited
permeability through intestinal membranes.

e EXCIPIENTS AND FORMULATION
DESIGN CONSIDERATIONS

1. Oils and Lipid Carriers

Oil will hold medicine that is not water soluble,
changing its load capacity as well as what happens
after entry into the body. [?®/Rather than triglycerides
made from coconut, certain formulations utilize fats
manufactured by modification of natural oils.
During incorporation into these carriers, some
varieties are long chains, while others have short
chain characteristics. All fat mixtures will not
perform the same in terms of how quickly
something is dispersed. PJEngineered facilitators are
often employed to ensure controlled release by
nonobvious interactions. Each type of lipid carrier
alters subsequent movement within biological
pathways.

e Role of triglyceride structure: The way the
triglyceride is put together determines how
well it can accommodate the medicine in liquid
form and the rate of its cleavage in the gut.
U31Saturated triglycerides like tristearin are not
broken down as rapidly as triglycerides with
double bonds thereby changing the duration
and strength of lymph absorption. ['IThe type
of fatty acids presents in the lipid component
influence whether they behave like oil or water
at the time of digestion, and hence whether
they can move readily into an emulsion.

e Chain length on MCTs: -The eight carbon
chains from caprylic acid pass through
metabolism at an increased rate as compared to
ten-carbon chains from capic acid, which pass
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through at a medium rate. The proportions of
the combination of these medium-chain fats
present in a pure MCT mixture dictates how
rapidly drugs can enter circulation and reach
the site of action.

o Effects of modified oils: - Initially, different
from native oils chemical modifications to lipid
ingredients such as attachment of hydroxyls

and other polar groupings to oils resulted in
more ecase of dispersion with water. This
alteration causes redefinition of phase
characteristics as well as their emulsification
capabilities as compared to natural oils.
Consequently, they spread differently,
interacting differently with gut fluid and
subsequent micellar aggregates.

Table 1. Comparison of Qil Types Used in SMEDDS

Oil Type | Representative Key Practical
Example Advantages Considerations
MCTs Caprylic\Capric High drug solubilization; May reduce lymphatic transport
triglycerides rapid relative to LCTs
digestion
LCTs Soyabean Oil, oleic acid- Promote lymphatic Lower solvent capacity for
rich oils Transport; physiologically | some drugs
compatible
Mixed Labrafil, Capmul Balanced digestibility Performance depends on
grades And solubilization excipient grade
glycerides
Modified | Hydroxylated or Improved dispersibility and | Potentially higher
Lipids PEGylated lipids Interface control Formulation complexity

2.Surfactants and Co-Surfactants

The tendency of the surfaces to lose
strength and ease must be borne in mind as this aid
formation of microscopies of smaller size while the
penetration of surfactants means that they are more
accessible.?'When surfactant too difficult to cope
with  other  constituents and  constituents
constructively, then use surfactants which provides
synergy when two or more of them encounter each
other and therefore provide synergistic effect or
those which enhances the sol ably the synergetic
effect that gain together for a great hit. Polysorbates
are 'popular’ probably because of the fact that it is
'within' the body, so biocompatible and each type in
those years is a surfactant with a relatively high

affinity for water and a relatively low affinity for oil,
thus solubilizing oil in water, making it very
effective.?’Ethanol may be use, together with
possibly including polypropylene glycol or
Transcutol, which is useful to extend and flexible on
surfaces and also helps in making them bend
without Breaking and/or for solubilizing active the
particles better, essentially 'opening up the door'. To
consider safety of the same is that this type of
surfactant is mixed depending on the dilutions. It is
possible if not used appropriately in worst cases, the
stability of the product may be compromised if the
constituents have non uniformity trend or interaction
with each other.
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Oil Phase Surfactant Co-surfactant
T l 1
Classification by Droplet Size
(-*<\ | sEDDS:
SMEDDS \* -/ | 100-300 nm

Pre-concentrate

SMEDDS:

[Dilution in Aqueous Phase (- ‘
(Water/Gl Fluid) \:~-/ | 100 -200 nm

Microemulsion

SNEDDS:
<100 nm

Figure 1 Schematic representation of SMEDDS formulation and droplet size

3.Excipient Selection Criteria

Consider how quickly the drug is dissolved as you
select the inactive ingredients. Behavior in the
gastrointestinal system is equally important as pre-
approval clearance, if not more so. ’’Oxidization
possibilities with certain ingredients can soon
eliminate them. Some ingredients do not combine in
tablet shells-this must be noted. While liquids

contact and distribute through each other, selection
of the right mixture can hold the active ingredient in
solution longer. [»’/Researchers test the insolubility
of oil mixtures by combining them with surface-
active agents or liquids that hasten compounds to
dissolve, so the drug can carry more in stable, little
bubbles in liquid. Trials allow each package and test
against.

— Table 2. Excipient Selection Criteria for SMEDDS Development

Criterion

Why It Matters

Typical Assessment

Drug Solubility
loading

Determines achievable

Equilibrium solubility
screening

Emulsification efficiency
dispersion

Controls spontaneous

Dilution test and self-
Emulsification time

Safety and regulatory Supports oral

status acceptability

Excipient monograph and
Prior-use review

DOI: 10.35629/4494-1104282297

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 286



International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug. 2026, pp:282-297 www.ijprajournal.com
TRY

IJPRA Journal

Precipitation resistance
dilution

Maintains drug in solution post-

Robustness to dilution and digestion
studies

Capsule compatibility
Shell softening

Prevents leakage and

Container-closure compatibility
testing

e FORMULATION DEVELOPMENT AND
OPTIMIZATION

1.Pseudo-Ternary Phase Diagrams
Three-part maps are sometimes made to show
which small droplets remain mixed without

SMEDDS Formulation

Optimization

separation. ?%10bserve when clouds form or dissolve
as water is slowly added to oils, soaps and
additional chemicals; doing this reveals effective
mixes. Staying mixed is a measure of stability.
Every shift in the recipe adds information about
whether the mixture stays mixed.

Homogenizer

Dilution

Spontaneous Emulsification

———————————————— Surfactant- - - - - - - - - - - -
1. Mixing Components — 2. Phase Diagram Mapping — 3. Aqueous Dispersion '
Formation of fine oil-in-water (o/w) droplets (< 100 nm) '

'

; Process:
: Result:

——————————— Co-=surfactant— - - - - —,

Figure 2 Illustration of SMEDDS Region Identification Using Pseudo-Ternary Phase Diagram

2.0ptimization Techniques

l4Modern approaches to formula development
often rely on organized tests rather than varying one
factor at a time. For SMEDDS such testing typically
includes varying oil amounts, surfactant levels,
ratios of co-solvent, temperature, and which of the
non-active ingredients impact the
formulation.["”[bio-protocol] Particle size,
dispersion and the rates at which emulsions form

will shift. Stability will change at temperatures
above or below the system at varying times. All
combinations hold a varying amount of drug. The
rates at which medication is released when placed
outside living systems vary. ["?"Mathematic models
predict excellent candidates through an examination
of mixing between constituents. Maps of shapes

and three-dimensional diagrams guide choices of
scaled production with built-in quality control.
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e DESIGNOFEXPERIMENT:-

Formula designers nowadays often opt for more
organized methods in developing such formulas.
Tests based on analyzing several variables at once
rather than singly varying single variables. Using
those sorts of techniques often necessitates testing
between 3-5 factors within planned experiment
using SMEDDS formulation. All formulations alter
values separately or simultaneously based on
planned experimentation

PlOil amount was within the range of 5-20% while
that of surfactant amount was 20-Half of that value,
perhaps along with a value of between 5-30%
working together. Also, there could be other
additions of materials, such as; Temperatures might
play a role; however, choice of non-active
substances does too. ®IThis often constitutes what
the researcher examines afterwards: Lower particle
size is generally better, seeking below 100
nanometers. Following that, PDI of below 0.3
means that the particles are well distributed and not
randomly sized. Also, charge is a value that
completes zeta potential: There is a set of

Magnetic stirring
to form a clear

Drugis Addition of
dissolved in Surfactant and

the oil phase Co-surfactant (Smix) isotropic mixture

(SMEDDS Pre-concentrate)

combinations that can mix below 60s while
efficiency of more than 90% can work without
adding others, so the mixing behavior is the prime
concern here.

Laboratory test to estimate drug release from
material. Mathematical analysis can be used for
approximation inthe future;

Numbers determine which combination to choose
and also shows the interaction between the
components

1.Process Flow for SMEDDS Development

Steps to Develop SMEDDS Typically, a good plan
for SMEDDS is formed when observing drug
solubility and behavior combined with various
mixtures. After that are tests involving phase
interaction, formula adjustment and characterization
and shelf-life studies before moving to larger-scale
development. Starting the development of a plan,
including consideration of absorption by living
bodies, will help progress and prevent stops later on.

> sl gl d
S /
t_ o u,a,': /
S —

Spontanecus Formation of Characterization
emulsification upon stable (Droplet size and
dilution in Microemulsion Zeta potential
agueous phase analysis)

The spontaneous formation of SMEDDS upon dilution provides enhanced drug solubility and stability.

Figure 3 SMEDDS Preparation Workflow

e CHARACTERIZATION AND QUALITY EVALUATION

1. Distribution of droplet sizes and polydispersity

Table 2. Excipient Selection Criteria for SMEDDS Development
Independent Variable Range Critical Acceptance
Explored Response Criterion
Oil concentration 5-20% wiw Droplet size <100 nm
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Surfactant concentration

20-50% w/w Emulsification time <60s
Co-solvent concentration

5-30% w/w Self-emulsification % 90%
Drug loading 1-10% w/w Drug precipitation None observed
Smix ratio (S/Co-S) 1:1/2:1/3:1 % Transmittance 95%

Aquaiglobular, small droplets created in SMEDDS
can be re-examined using dynamic light scattering.
This technique measures the normal size of the
droplets and their size distribution. A value known
as polydispersity index (PDI) indicates whether the
droplets are similar in size, or quite different. Good
SMEDDS would form droplets below 100 nm.
These are more likely to have a narrow distribution,
indicating a lower polydispersity index. When PDI
values are less than approximately 0.3, then the
particles are all similar in size and show
reproducible performance.

2. Optical Transmittance and Visual Assessment
Generally, we can tell quickly if a formulation has
been successful when light transmits through it.
Levels of clearness can indicate what kind of droplet
content is likely present, whereas haziness indicates
that the contents may not be properly mixed.
Although instruments bring a lot of insight to the
table, just sight is a great indicator.

3. Zeta Potential Characterization

The charge of a droplet surface tells us how it may
act in a mixture-whether other particles will be
attracted and coagulate or repel and stay separate.
Think of these behaviors being related to subtle
spaces and attractions instead of by “ands”.
Negative readings more commonly occur in many
oil-based systems because of ingredients based off
fatty acids. Conversely, positively charged
molecules may have better cell compatibility but
tend to have much more extensive aggregation.
When values flitter around zero, particles tend to
come close to each other unless physically pushed

away-by, for example, uncharged coating molecules
doing their tricks in the background.

4. Drug Content and Encapsulation Efficiency
Most laboratories use HPLC analysis to determine
the drug content within a SMEDDS. Complete
solubility of the drug resulted in the majority being
entrapped within the SMEDDS. Less than complete
drug trapping may indicate inadequate mixing,
incompatibilities, or precipitation of the drug over
time.

5. In Vitro Drug Release Studies

There are many instances when researchers
observed drug release in lab generated intestinal
fluids through the use of dialysis bead techniques.
In-vitro release profiles investigated outside the
body can help determine whether the best
combination is progressive or retentive. Quite often
the liquid either retains too long or not long enough.
When drug releases occur, premature alteration in
the liquid structure is required.

6. Viscosity and Rheology

The thickness of a mix depends on which oils,
soaps, and adjuvants are included — and how much.
This thickness determines how smoothly it passes
into soft gels, how easy it is to pump around during
manufacturing, and how easily it surrounds the
intestines. Laboratory spinning devices show
whether the fluid is consistent or varies with
pressure. These tests aid with larger scale batching
and more precise validation down the line.
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Table 3. Excipient Selection Criteria for SMEDDS Development
Parameter Method Typical Target
or
Interpretation

Droplet size

Dynamic light scattering

Often<100nm for efficient
SMEDDS

PDI Dynamic light scattering

Preferably<0.30 for
Narrow distribution

Optical clarity

Transmittance\ visual inspection

High transmittance indicates
microemulsion formation

Zeta Potential

Electrophoretic light scattering

Supports electrostatic or
steric stability interpretation

Drug content HPLC assay

Near-label claim with
minimal degradation

Release behavior

Dialysis or USP dissolution

Sustained solubilization
during testing

e BIOPHARMACEUTICAL MECHANISM
AND ABSORPTION PATHWAY

1. Lymphatic Transport and First-Pass
Metabolism Reduction

Lipophilic drug incorporated within well formulated
SMEDDS might traverse through the lymph stream.
The lymphatic uptake would greatly bypass liver
processing. Some of it will be entering via portal
circulation so still be subject to liver processing.
This may be important if you are treating a
condition in the liver. Some things go directly to
liver via lymphatic uptake but since the substance
dissolves readily in lipids so it gets broken down in
the liver quickly - the breakdown products may be
acting to influence efficacy. This means more
bioavailability when it is given orally!

2. Bile Acid Interactions and Micellar
Solubilization

When a fat substance is found, the liver would
normally release bile in the gut to break it down
more easily during digestion. This leads to the

formation of mixed micelles composed of
endogenous bile components as well as exogenous
things, that the little bits of fat are then stuck inside.
There is more substance dissolved so your body can
uptake it over time. Everything sort of happens to
everything one after the other.

3. Reduced Food Effects and Improved
Reproducibility

Low meal-dependency and uniform responses One
significant practical application aspect of SMEDDS
is relatively independent of effects when a food
composition is ingested. There is good uptake
regardless of food content or fast/fed state as it is
aided by lipids included to provide the driving force.
Dispersion-promoting excipients included in the
formulation help provide sustained action as well.
There would be a decrease in variability of
responses but also an increase in the desired
treatment outcomes and reduction in variable
dosing.
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e ADVANTAGES AND CLINICAL
BENEFITS OF SMEDDS

1. Bioavailability Enhancement and Improved
Therapeutic Outcomes

Increased bioavailability leading to better clinical
responses SMEDDS mixtures can drastically
enhance absorption by up to a lot of factors by
breaking up drugs more thoroughly and helping the
mix to stay together longer for greater interaction
between components. The more consistent release
then results in a more reproducible clinical response
compared to the equivalent free drug, which in
many cases is minimal. Often smaller dosages
would suffice as absorption would be so much
higher, minimizing usage for overall cost benefit.
Reduced and improved therapeutic responses can
then be generated by giving drugs that are poorly
absorbed via orally.

2. Reduced Systemic Toxicity and Enhanced
Selectivity

Low toxicity and improved target effect It could
allow the use of lower dose as well as higher
specificity for an intended site if an oral drug is
delivered more consistently in a certain portion of
the gastrointestinal tract, reducing side effects to
sites that do not need targeting and thereby having
reduced side effects, especially if a dose-limited
toxicity drug is used. Precision could also come into
play if an SMEDDS is designed to target a specific
part of the body rather than the body as whole-this
could further reduce toxicity.

3. Simplified Dosing Regimens and Improved
Patient Compliance

simplified dosing instructions leading to better
patient adherence. Consistent dosing and absorption
mean lower variability in response which is easier
for patients to deal with since the need to consider
food intake or other factors becomes much lower,
and thus reduces errors, increases patient
compliance and generally makes things much
simpler. When the drug action is predictable, dosing
becomes far easier to manage with patient

compliance significantly improving. It's far simpler
when you just need to take the tablet, rather than
figure out how your food affects how much your
body will absorb.

4. Manufacturing Scalability and Economic
Viability

Scaling and cost effectiveness. The process used to
prepare  SMEDDS only involves the blending
together of excipients, so it is quite inexpensive.
However, making medicine with this is not very
expensive as not a lot of specialized equipment is
required. Why growth in the drugs industry
continues is a good sign, and this method is often
included as one of the key factors because it is
relatively cheap, adaptable for long term purposes. It
is also because of their relative simplicity that these
methods grow.

5. Versatile Administration Routes and
Formulation Options

Various routes of administration and forms. The
common SMEDDS formulations include capsules
(soft and hard), but liquids are also commonly
formulated this way. How the form needs to be
delivered determines the route and form that it will
take. You can make it take any physical form you
need. They also are good carriers for a lot of people
who cannot swallow pills, for instance. When
alternative enabling techniques are contrasted, a
definite edge for SMEDDS stands out. Dispersing
drugs in solids involves much costly polymer
material. If a lot of polymers is included this quickly
adds up in cost; some drugs require more polymer.
The response can be variable and is dependent on
the type of polymer. Some drugs only require little
polymer. The cost to provide appropriate delivery of
vehicles varies depending on the drug that is
included in the formulation. Expensive equipment is
used to do this. If something has very high
solubility, cyclodextrins are not effective; but if they
are not soluble then cyclodextrins can be effective.
It's a type of drug that isn't strongly hydrophobic
and doesn't strongly polar. Alternative delivery
systems are too fixed; this system offers variability.
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Conventional Oral Formulation

Poor aqueous dissolution .

Variable absorption 8

Pronounced food effect -

Lower and unpredictable bioavailability -
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SMEDDS Formulation

Spontaneous microemulsion formation

Improved solubilization in Gl fluids

J

Reduced inter-/intra-subject variability

—

Enhanced and more reproducible bioavailability

.

Comparative overview of conventional formulations versus SMEDDS

Figure 4 Comparison of oral formulation and SMEDDS

e PHARMACEUTICAL APPLICATION OF
SMEDDS

1. Oncology and Cancer Chemotherapy

Paclitaxel is a very powerful drug to treat cancer. It
is a complex molecule extracted from taxanes that
barely dissolves in water. However, self-emulsifying
nano-droplets called SMEDDS can help modify its
behavior in the body. Without requiring organic
solvents such as Cremophor EL, the micro-emulsion
systems can actually lower its toxic side effects
while keeping up or even exceeding the anticancer
action. For celecoxib similar nano-dispersed
systems are being explored so that the
gastrointestinal absorption of the drug could be
increased.

2. Antiviral and Antimicrobial Treatments

When swallowed, Ritonavir was very poorly
absorbed by the blood, and its delivery was
extremely poor. To overcome these researchers
devised an ingenious formulation which consisted of
minuscule oil droplets that enabled it to traverse the
gut successfully and that meant the treatment
actually had an effect. It seems that the drug
delivery trick then simply became applied to all

subsequent compounds and still applies to today for
difficult-to-absorb antiviral and antibiotic drugs that
used to be unable to gain access to the body, lipid
solutions brought them back into use.

3. Cardiovascular and Metabolic Disorders
Telmisartan, rosuvastatin (and other heart and
metabolism treatments) are improved in their use
and benefit by using SMEDDS formulation so that
absorption into the body is enhanced and the drug
levels are more consistent and less sporadic over the
day rather than uneven ones from ingestion. Both
the drugs are lipids so the use of a formulation that
has an enhanced ability to absorb lipids is effective.

4. Herbal and Nutraceutical Products

Herbs such as quercetin, curcumin, or resveratrol
can be incorporated into the SMEDDS formulation.
Even though there is interest in many natural
compounds in terms of their possible beneficial
roles in health, they will not move very easily
throughout the water in the body. With the
introduction of lipid formulation, the blend smooths
over and slips past that wall of poor solubility and
does not stay stuck in one place.
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Table 4 SMEDDS its application and Therapeutic effect and it's benefit
Therapeutic Area Example Drug or Primary Benefit of SMEDDS
Agent
Immunology Cyclosporine A Improved oral absorption and
reduced variability
Antiviral therapy Ritonavir, saquinavir Enhanced bioavailability of
lipophilic protease inhibitors
Oncology Paclitaxel Avoidance of problematic
solubilizers and improved oral
delivery potential
Cardiovascular Telmisartan, rosuvastatin More reproducible exposure and
better oral performance
Nutraceuticals Curcumin, quercetin, Enhanced systemic availability of
resveratrol poorly soluble actives

5. FOR DISEASE LIKE HIV

Almost all HIV drugs fail to blend well
with gut liquids; hence their passage to the blood
stream is greatly delayed. Droplets made of fat
particles make it easier to penetrate intestinal wall.
They are held inside oily microcapsules that protect
them from stomach acid and also from the initial
breakdown process. Gaps appear in our protection
since dosage uptake often fails; this system evens it
up. During digestion, the drugs become more stable.

Very small drugs such as ritonavir or
saquinavir are often poorly soluble in water;
consequently, if normally administered the amount
absorbed can fluctuate-sometimes not enough drug
is taken. A system that fixes this uptake problem has
oil plus soap-like matter plus helpers that emulsify
upon meeting the gut liquid. Suddenly, it can
transform into oil droplets dispersed in liquid
holding the drugs; its membrane is enormously large
compared to the volume and keep drugs in solution
longer while allowing more drug to be absorbed
during their intestinal passage.

Most medicines are better absorbed into the
blood stream when dissolved rapidly by tiny oily
droplets. These delivery systems smooth the amount
of drug in circulation which helps better control the
viruses. When drugs can be better utilized by the
body, a smaller dose might be sufficient to maintain

therapeutic effect and perhaps reduce unwanted side
effects without any loss of efficacy.

One advantage of SMEDDS is their
stability in the gastrointestinal tract and relatively
simple formulation technology. Also, they seem less
sensitive to food, allowing easier dosing regimes
compared with drugs that require tight scheduling.
Compliance of drug therapy is an issue that this
could greatly impact; when dosing regimes can be
simplified patients might adhere better, which is
crucial for HIV infection control as resistance
occurs when there are gaps in the treatment regime,
leading to worsening conditions.

In effect, the little oily drops make sure that
practically insoluble drug can enter the body and
deliver effective concentrations for drug-like drugs
to fight HIV more steadily. The factor that
determines a drugs action is not the dose it delivered
but how well that dose reaches the target-the drugs
like the ones fighting HIV were not effective for the
amounts that reach the body in comparison with
such a formulation, especially when drugs that
hardly dissolve in water are considered.

e EMERGING TECHNOLOGIES AND
FUTURE DIRECTIONS

1. Solid SMEDDS (S-SMEDDS)
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Most times, turning liquid SMEDDS into solids
solves issues - like leaks or bad reactions with
capsule parts. Instead of staying runny, they get
soaked up by stuff such as silica or microcrystalline
cellulose. This shift leads to forms that flow freely:
powders, grains, fillers for pills. When swallowed,
digestion juices trigger a fast reassembly into small
drops inside the intestines.

2. Super saturable SMEDDS (SSMEDDS)

Once water enters, added substances such as
hydroxypropyl methylcellulose interfere with the
drug crystallization within super saturable
SMEDDS. For a short time, the solution becomes
highly concentrated, designed to support absorption
in the intestine while using fewer surfactant-type
components and reducing potential irritation.

3. Stimuli responsive SMEDDS

Midway through a change - say, a shift in pH, a
spike in temperature, or passing vibrations - the tiny
droplets let go of their medicine. Right then matters.
It gets the drug closer to where it should act. Much
like how modern therapies aim only at specific
spots, these drops respond exactly when triggered.

4. Immunoliposomes Combine with Targeted
SMEDDS

Out front, tagging SMEDDS pieces with antibodies
can steer them directly toward particular cells.
Because peptides attach themselves nearby, reaching
the correct location improves. Alongside, sugar-
driven partners latch on, targeting distinct problem
sites within the body. With these tweaks in place, the
whole setup changes course, drifting closer to
injured regions. A shift in what clings to the surface
might bring different outcomes. Not just how it
arrives, but where it points play a role too.

5. Self association and self assembled
nanostructures

Something odd popped up lately - researchers
started focusing on small, layered builds instead of
just mixing liquids. These designs squeeze drugs
closer, keep them around longer, handle strain
without breaking down - also change how they
behave once inside the body.

e Regulatory considerations and quality
control

1. Regulatory guidance and quality standards
Every bit matter if you’re working with fat-like
carriers for drugs. Authorities such as the FDA or

EMEA demand complete transparency. Composition
must be clear, alongside the potency of the main
drug component. Particle size isn’t left out - it’s
checked closely. Stability across storage periods gets
equal attention. Uniformity throughout the mixture?
That has to show, too. Knowing each step inside out
makes a difference. Design choices shape reliability.
Batch after batch stays close only when care goes
deep.

2. Stability assessment and shelf life
determination

Later on, inspectors review SMEDDS by following
ICH rules - checking appearance first, then droplet
size next. The amount of medicine present matters
just as much as shifts caused by air contact. Stability
isn’t only about structure holding firms but also
performing correctly once inside a person. Step by
step, consistency builds trust in shelf-life decisions.
What holds true early must remain detectable later
during analysis. Uniformity should persist even
when conditions shift slightly under testing pressure.

e Challenges and future perspectives

e Even if SMEDDS carry poorly soluble drugs
well, problems remain. Lots of surfactants
appear in typical formulas - this can disturb
digestion or disrupt cellular layers. When
watered down, some medications fall out of
mix, cutting potency;

e Meanwhile, current assays often miss patient
outcomes entirely. Down the road, work could
lean into lowering surfactant loads, stopping
crystals more effectively, matching lab data
closer to human response, studying lipid
breakdown and uptake patterns, then
embedding SMEDDS within delivery networks
shaped by location or stimulus.

IV. Conclusion

Oil-filled microcapsules let certain drugs
enter the body even when they resist blending with
water. Though invisible, their success appears across
real medical applications beyond test tubes.
Improved selection methods, precise formulations,
and closer looks at tiny droplets widened their
potential reach. Some newer forms turn up as dry
powders, hold supersaturated doses, or react once
inside intestines - each one reimagining early
concepts. Efforts press forward: milder surfactants,
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preventing particle sticking during dilution, refining
models in experimental settings - all quietly guiding
where these delivery tricks go from here.
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