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ABSTRACT: Patients and practitioners prefer oral medication administration for systemic or local treatment due to its convenience
and pleasurable experience. Nevertheless, numerous oral pharmaceutical formulations encounter various delivery challenges as
a result of the hostile conditions of the gastrointestinal tract and a multitude of physiological barriers, including gastrointestinal
architectural traits, biochemical variables, and physiological factors. Nanoparticle technology is often employed to surmount
these challenges. Nanoemulsions, a form of nanotechnology, have been shown to improve the bioavailability and solubility of
active pharmaceutical ingredients. However, despite these advantages, they often encounter adjustment challenges related
to physical and chemical stability, necessitating the development of advanced delivery systems to ensure their therapeutic
efficacy. Furthermore, liquid dosage forms may present several limitations for oral administration, such as inadequate masking
of unpleasant tastes in the absence of flavoring agents or sweeteners, as well as difficulties in achieving accurate doses. Another
potential method to enhance the stability of the drugs is the Solid Self Nano Emulsifying Drug Delivery System (S-SNEDDS). This
lipid-based drug delivery device utilizes a particular porosity carrier and a Liquid SNEDDS compaction process. The S-SNEDDS
formulation is a potential method of delivering medications for active substances not soluble in water, sensitive to light, or unstable
in liquid form. It also exhibits benefits such as excellent stability, straightforward scalability, consistent content distribution,
precise dosage accuracy, and improved patient adherence. Encapsulation of hydrophobic pharmaceuticals protects against the
aqueous environment, impeding hydrolysis and enhancing the drug's stability when exposed to moisture. Another mechanism of
S-SNEDDS is the controlled release mechanism, which can also enhance the drug's stability in terms of its chemical composition
and therapeutic effectiveness. Therefore, S-SNEDDS have the potential to provide a viable approach to improving the stability of
nanoemulsions.
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Introduction

Oral medications are the most common, convenient,
and widely used route of administration, as they offer
advantages such as painless, unassisted administration and
increased patient compliance compared to other routes such
as intramuscular, intravenous, and pulmonary. However,
some compounds failed in research and development
due to their low solubility and bioavailability upon oral
administration [1]. The gastric mucin-bicarbonate barrier,
enteral enzymes, and small oral surface area are a few
physical characteristics that may also make it more difficult
for the body to absorb medications when taken orally.
Additionally, insufficient time for gastrointestinal tract
absorption is a common cause of low bioavailability. Time
may need to be increased at the absorption site if the drug
does not dissolve easily or cannot cross the epithelial layer
(for example, if the drug is highly polar and ionizable). In

such cases, bioavailability can be low and highly variable.
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Previous gastrointestinal surgery (such as bariatric surgery),
physical activity, age, genetic phenotype, gender, disorders
(malabsorption syndrome and achlorhydria), and stress
may also affect drug bioavailability [2].

All these limitations can be overcome by applying
nanotechnology approaches to drug delivery mechanisms.
In previous research, nanotechnology has been effectively
used in various pharmaceutical formulations to increase
oral bioavailability [3]. Nanoscale drug design has been
studied a lot. It is the most advanced technology used for
nanoparticles because it has many potential benefits, such as
the ability to change properties like solubility, drug release
profile, diffusivity, bioavailability,
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life cycles [4].

Various nanosystems have been produced, including
carbon nanotubes, paramagnetic nanoparticles, dendrimers,
nanoemulsions, etc. Nanoemulsions systems have much
potential as drug delivery systems because they can make
drugs that are hard to dissolve in water more soluble,
dissolve faster, and be more bioavailable when taken by
mouth. It can be defined as "an oil-in-water (o/w) or watet-
in-oil (w/0) emulsion with an average droplet diameter
ranging between 50 and 1000 nm" [5]. Characterized by
their submicron-sized droplets, nanoemulsions offer
several advantages including improved drug dissolution
rates, increased surface area for absorption, and enhanced
stability of active pharmaceutical ingredients (APIs).
However, despite these benefits, the physical and chemical
stability of nanoemulsions can be challenging, often
necessitating the development of advanced delivery
systems to maintain their efficacy. ILiquid dosage forms
may have many oral disadvantages, such as not covering
the unpleasant taste of formulations without flavoring
agents or sweeteners, inappropriate dosage adjustment,
etc. Consequently, solid dosage forms may be preferred
in general. Solid nanoemulsions (SNE) is a highly
recommended dosage form due to its strength, scalability,
and ability to obtain all the benefits of a liquid system.
Therefore, this nanoparticle system is expected to increase
the bioavailability and therapeutic profile of drugs that are
difficult to dissolve in water [5].

Solid Self Nano-emulsifying Drug Delivery System
(S-SNEDDS) is one of the lipid-based drug delivery
systems with a compaction system called Liquid Sel Nano-
emulsifying Drug Delivery System (SNEDDS) using a
specific porous carrier. The S-SNEDDS formulation was
developed by converting SNEDDS into powder form via
spray drying, freeze-drying, spray cooling, melt granulation,
melt extrusion/extrusion spheronization, ot solid carrier
adsorption [6]. The S-SNEDDS dosage form provides
many benefits, such as high stability, ease of scale-up,
content uniformity, dosage accuracy, and increased patient
compliance. The S-SNEDDS formulation provides a
promising drug delivery system for active substances
pootly soluble in water, photosensitive, and unstable in
liquid dosage forms which combining the advantages
of SNEDDS (increased solubility and bioavailability) by
protecting drug degradation, facilitating drug lymphatic
transport, inhibiting P-gp-mediated multidrug efflux,
increasing the area under the curve (AUC) and maximum
concentration (Cmax) and reducing the time to reach
Cmax. (Tmax) [7,8]. And solid dosage forms (high stability)

during handling and storage in a wide selection of dosage
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forms [9].

A previous study shows S-SNEDDS preparations
can increase the stability and bioavailability of a medicinal
compound, characterized by the absence of physical or
chemical changes during the specified time. Therefore, this
literature review aims to explore the current advancements
in solid SNEDDS technology and its efficacy in
enhancing the stability of nanoemulsions. By analyzing
recent research and developments, we seek to provide
a comprehensive understanding of the formulation
strategies, characterization techniques, and potential
applications of solid SNEDDS in modern drug delivery

systems.
Methods

This article was created by reviewing journal
information relevant to all aspects of S-SNEDDS
nanotechnology. Literature studies were conducted by
searching PubMed, ScienceDirect, and Google Scholar
references using Perish and Publish 8. The inclusion
criteria for this narrative review include journals published
in the last ten years (2014-2024); peer-reviewed journal
articles including original research, review articles, and
meta-analyses; research papers discussing the formulation,
characterization, and evaluation of S-SNEDDS; and the
exclusion criteria including studies published more than
ten years ago; articles not explicitly related to S-SNEDDS
or nanoemulsion stability; articles from non-peer-reviewed
journals, magazines, or opinion pieces; duplicate studies
without adding new insights. There were 852 articles
obtained from searches using keywords in the form of
"Solid Self Nano-emulsifying Drug Delivery System
(S-SNEDDS) AND  Stability," "Formulation S-SNEDDS
enhance stability," "S-SNEDDS AND nanoemulsions"
and "Nanoemulsions AND stability." The article selection
stages were completed by adjusting the inclusion criteria
and research objectives to full text until 56 articles that
could be used as a template for writing articles were

obtained.
Result and Discussion

Nanoemulsions Properties

Nanoemulsions  are  heterogeneous  colloidal
dispersions with relatively small droplet sizes (20—200 nm)
known as submicron emulsions or mini-emulsions. The
formulation of nanoemulsions is divided into two types:
oil-in-water (O/W) type and water-in-oil (W/O) type,

prepared by nanoemulsification technology [10,11]. W/O
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Figure 1. Flow chart of the article selection process in the review.

nanoemulsions consist of small drops dispersed in an
oil phase, while O/W nanoemulsions contain a few oil
drops dispersed in an aqueous phase [12]. The emulsifiers
in nanoemulsions act as stabilizers and facilitate the
formation of nanodroplets; in W/O nanoemulsions, the
emulsifier used is lipophilic or hydrophobic, while in O /W
nanoemulsions, a hydrophilic emulsifier is used [13].

The potential advantages of nanoemulsions have been
used as a carrier or vehicle system in pharmaceutical, food,
beverage, cosmetics, and other fields. In several studies,
nanoemulsions act as encapsulation systems for lipid
compounds to protect them through the gastrointestinal
system and increase their bioaccessibility, which is also
influenced by carrier oil type, emulsifier type, and oil drop
size.

Besides the small particle size, the high surface
area of the nanoemulsion droplets makes them suitable
for encapsulating and delivering bioactive compounds.
Compared to conventional emulsions, nanoemulsions can
enhance kinetic stability due to their small droplet sizes,
which prevent phase separation and creaming and extend
the shelf life of products. The bioavailability and solubility
of nanoemulsions may be increased due to the particle

size of nanoemulsions being better at facilitating the
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absorption of bioactive compounds in the gastrointestinal

tract [11].

S-SNEDDS Properties and Formulation Methods
The drug preparation in the S-SNEDDS formula
offers several advantages compared to L-SNEDDS
and nanoemulsions. First, the S-SNEDDS formulation
provided increased stability and longer shelf life due to
reduced susceptibility to phase separation and degradation.
Another main benefit lies in improving the drug loading
capacity, which allows higher solubility and bioavailability
of drugs. Fase of handling and transportation is also one
of the advantages of S-SNEDDS preparations because
there is no need to worry about spills, leaks, and damage,
which are generally associated with preparations in
liquid form. In addition, the solid form facilitates better
control over dose uniformity, a critical factor for accurate
administration. S-SNEDDS also contributes to increased
bioavailability by promoting rapid drug dispersion and
absorption in the gastrointestinal tract. Lower resistance
to environmental factors such as temperature and
humidity increases overall toughness during storage and
transportation. In addition, flexibility in dosage forms is

a significant asset, as S-SNEDDS can be easily integrated
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Figure 2. Types of nanoemulsions 13].

into various forms, such as tablets or capsules, offering
diversity in administrative forms and meeting various
patient preferences. It is essential to recognize that the
choice between solid and liquid SNEDDS depends on the
characteristics of the particular drug, therapeutic goals,
and patient needs. All these advantages make S-SNEDDS
a promising approach in drug formulation development
and potentially increase treatment effectiveness [14,15].
Generally, the techniques wused to formulate
S-SNEDDS from L-SNEDDS include conventional
adsorption on an inert carrier (surface adsorption
technique), extrusion-spheronization, spray drying, and
wet granulation. The most widely and economically
used approach is the adsorption of liquid SNEDDS on
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the surface of a porous carrier. The adsorption method
offers the advantages of high oil loading capacity, lower
processing losses, more straightforward formulation, easy
conversion of the solidified formulation into tablets, and
low cost [10].

In addition to solid carrier adsorption techniques,
spray-drying methods are the second choice used in the
solid formulation of SNEDDS. Better final results indicate
this compared to other S-SNEDDS methods. Results
wete obtained for one of the drugs using the spray drying
method. Spray drying is converting a solution, suspension,
or emulsion into a dry powder in one step by passing an
atomized spray through a high-temperature gas medium

[25]. Air is the most preferred choice as a drying gas,

Solidification
Material

Solid Self-Nano
Emulsifying Drug Delivery
System (SNEDDS)

Figure 3. The Preparation of S-SNEDDS [16].
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Table 1. Solid Self-Nano Emulsifying Drug Delivery System (S-SNEDDS) Formulation Method.

Active Ingredients Methods References
Capsaisin Surface adsorption technique n7n
Irbesartan Spray-drying 9]
Celexocib Surface adsorption technique 18]
Meloxicam Freeze-drying [19]
Rifampicin Surface adsorption technique a4
Piperin Spray-drying [15]
Darunavir Surface adsorption technique [16]
Glimepiride Surface adsorption technique [20]
Revaprazan Spray-drying [21]
Glipizide Surface adsorption technique 221
Docosahexaenoic acid Spray-drying [23]
Sertraline Spray-drying 241

but in some cases, nitrogen gas has also been used. The
physicochemical properties of the final product mainly
depend on the inlet temperature, air flow rate, feed flow
rate, and the type of carrier used [26].

The spray drying technique can be used on laboratory
and industrial scales because they are fast, continuous,
reproducible, one-step, and, thus, scalable without
significant modifications. Successful process change
depends on meeting two conditions: scalability and cost-
effectiveness. Spray-dried in both. Another advantage
is that the powder obtained with spray dried has better
flow properties and higher encapsulation/drug loading
efficiency. The solid particles obtained have a relatively
narrow size distribution on the submicron to micron
scale. Therefore, a judicious selection of solid carriers and
techniques to strengthen L-SNEDDS is essential [27].

Freeze drying (freeze-drying) or lyophilization
is one of the most widely used drying techniques to
improve drug stability. This bending process relies on
the sublimation of ice from frozen samples followed by
desorption in a vacuum [28]. The lyophilization process
is based on a sublimation mechanism where the solidified
carrier material is converted directly into gas without
going through the liquid phase [29]. It consists of three
main stages: the freezing stage (solidification), the primary
drying stage (ice sublimation), and the last stage, secondary

drying, where water desorption occurs [30].

The comparison of S-SNEDDS and Nanoemulsions
Formulation based on Drug Stability
Stability is defined as the quality of being stable,

and applying this wide concept to pharmaceutical
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formulations is considered to be the absence of changes
in characteristics and properties of the product at the
time of its manufacture [31]. Stability study is one of the
characterization parameters in every drug preparation.
In quality control, characterization plays a central role
in ensuring that each batch of drug preparation meets
stringent standards regarding stability, uniform distribution
and desired drug release. Safety evaluation is another
crucial aspect of drug characterization. By understanding
the physicochemical properties in detail, potential risks of
side effects can be identified and managed appropriately,
ensuring the safe use of drug preparation [32].

Chemical stability plays a major role in FPPs where
the API is molecularly dispersed, such as in solutions and
semisolid and solid formulations. In high-water-content
medicines, evaluating microbiological stability is important
as it can cause critical healthcare issues. Apart from
potency loss and microbiological growth, degradants can
appear over time and can lead to toxicity in patients; hence,
their quantification is key to determining the overall safety
profile of the dosage form. On the contrary, physical
instability, including appearance, palatability, uniformity,
or dissolution, mostly occurs in solid dosage forms and
suspensions. The particle size of suspensions is a crucial
factor in determining the biopharmaceutical performance
of the formulation. Changes in physical stability are also
fundamentally critical in amorphous solid dispersions.
Over time, crystallization of the API can take place, and
hence, this can cause a profound impact on the dissolution
rate of the API and, thus, its oral bioavailability [33,34].

The results from multiple studies on nanoemulsions

drug stability offer a collective perspective on their
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Table 2. Studies Regarding The Stability of Nanoemulsion Vehicle Systems.
Nanoemulsion -
Stability Parameters Results References

Formulation

) Particle size, polydispersity index,
Rhodiola rosea ]
zeta potential, and pH value

Shrimp oil Thermal and centrifugal stabilities

Diosgenin Particle size

Particle size, physicochemical
Black pepper

properties

Avocado (seed and peel)  Particle size

In all groups, the particle size increased
after 90 days storage and the pH value
relative stable.

Relatively stable without visible creaming
or phase separation after heating applied

during production and processing.

The termal stability was lower in the
nanoemulsion microfluidized at 6.89 MPa

The centrifugal stability of nanoemulsion
ranged from 79.6% to 95.6%

The particle size average diameter of soy
bean increased.

Has better stability under appropriate pH
(<4 or >5), NaCl concentrations (<0.3M),
temperatures (<60°C), and freeze-thaw
cycles (<2) and storage at 4°C

At 80°C the particle size of the

nanoemulsion increased

The particle size increased gradually as the
storage time increased

At temperature 25°C + 5°C with humidity
65% + 5%, the appearance of the
Black pepper nanoemulsion remained
unchanged

The particle size of avocado nanoemulsion
increased up to 3.05 + 1.05um after 14
days

38]

391

[40]

a1

[41]

reliability in pharmaceutical applications. Nanoemulsions
improve the stability of drugs via a variety of mechanisms.
To begin with, the drug solubility and dispersion within
the formulation are enhanced due to the prevention
of crystallization or precipitation caused by the small
particles' high sutface area-to-volume ratio. The reduced
droplet size also promotes the dissolution of medications
with low water solubility, improving drug stability. In
addition, nanoemulsions are designed with the purpose
of inhibiting phase separation, thereby guaranteeing
consistent drug dispersion across the entire formulation.
Nanoemulsions droplets provide a protective barrier for
pharmaceuticals, shielding them from detetioration caused
by external influences such as light, oxygen, and moisture.
This helps preserve the drug's chemical composition

for an extended period. Finally, nanoemulsions facilitate

20

the formation of smaller droplets, leading to enhanced
medication absorption and improved bioavailability,
hence contributing to the effectiveness of the treatment.
However, it is critical to note that several variables can
still affect the stability of nanoemulsions; therefore,
formulation design and optimization must be performed
carefully to maximize the stability benefits for particular
medications [35-37].

In one study regarding the drug stability of
nanoemulsions vehicle systems (table. 2) using Rhbodiola rosea
as the active compound, stability studies were conducted
in different environmental conditions, encompassing
temperature, light, and humidity variations. And evaluated
by measuring particle size, polydispersity index (PDI),
zeta potential, and pH value on day 1, day 30, day 60,
and day 90 under different temperatures (25°C, 40°C,

Jurnal Sains Farmasi & Klinis | Vol. 12 No. 01 | 2025
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and 4°C). In addition, the organoleptic assessments were
carried out after centrifugation, evaluating odor, color, and
texture for each formulation. The average particle size of
Rhodiola rosea nanoemulsions increased over the storage
period; however, it remained below 500 nm, indicating
acceptable size parameters for nanoemulsion systems. The
polydispersity index (PDI) of the R. rosea nanoemulsions
was 0.34, which, although slightly elevated, is still within
the acceptable range for stable nanoemulsions. The zeta
potential values of one group showed a gradual weakening
of electrostatic repulsion between droplets as the storage
period progressed [38]. This decline in zeta potential
suggests a reduction in colloidal stability over time, as
lower zeta potential values may lead to increased droplet
aggregation or coalescence. The stability index for all

groups was calculated using the following equation:.

%Stability Index=(Original viscosity score-hange

in viscosity score)/(Original viscosity score) x 100.

37,38,42,43

The stability indices were 67.18% for formula A,

88.62% for formula B, 87.20 for formula C, and 89.27%
for formula D, respectively. These results suggest that the
optimized R. rosea NEs are highly stable [38].

The formation, stability, and properties of
nanoemulsions often depend on the physicochemical
properties of the oil phase, eg, its polarity, water-
solubility, interfacial tension, refractive index, viscosity,
density, phase behavior, and chemical stability [44]. The
selection of appropriate emulsifiers is one of the key
elements for successful emulsification and affects the
long-term stability of the emulsions obtained. The size of
nanoemulsions droplets determines the optical properties,
stability, release behavior, and rheology [10,44].

In S-SNEDDS drug stability, the test was conducted
at40 £ 2°C/75 £ 5% RH for six months. The formulation
is packaged in glass bottles and stored in a climate
chamber. Samples were taken at predetermined times (0,
1, 2, 3, and 6) to measure globule size, % transmittance,
and emulsification time [15].

In previous research of S-SNEDDS formulation
of Docosahexaenoic acid (DHA) (table 3.), the stability

was conducted by measuring the peroxide content,

Table 3. Studies Regarding The Stability of S-SNEDDS.

S-SNEDDS Formulation Stability Parameters Results References
Initial value of drug content 98.78 + 0.11;
after three months 96.91 + 0.15. Initial
. Drug content, droplet size, value of droplet size 62.04 2.37; after
Capsaicin [17]

drug dissolution

Physicochemical properties,

Docosahexaenoic acid (DHA) . .
particle size, drug content

Physicochemical properties,

Avanafil . .
drug content, particle size
X Dilution, droplet size, PDI,
Furosemide o
and in vitro drug release
Droplet size, drug loading,
Xanthohumol

angle of repose

three months 65.08 2.42. initial value of
drug dissolution 94.05% and after three
months 92.72%.

No change in color; No precipitation
of oil; No change in the DHA content, 23
reconstitution time, and particle size.

No change in color, odor, or texture.

The drug content decreased to 96.91%

after 6 months of storage. The particle [45]
size decreased to 14.90 + 0.12 after 6

months of storage

Droplet size 17.67 nm with PDI 0.502,
the drug release 99.51 + 2.56 and the [46]
dilution passed

The mean droplet size of aged S-SNEDDS
powder 122.65 + 6.13. The drug loading
for fresh S-SNEDDS was 96.84 + 4.81%,
whereas it was 93.11 + 4.65% for aged
S-SNEDDS. The angle of repose for fresh
S-SNEDDS was 22.62 + 1.23, and the
angle of repose for aged S-SNEDDS was
2427 £1.21.

1471
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physicochemical parameters including color change, odor,
particle size, robustness to dilution, and DHA content
under refrigerated and accelerated storage conditions. The
peroxide content is an important parameter to determine
oxidative stability, and it increases during storage due to
oil oxidation. The optimized S-SNEDDS formulation
of DHA is physically stable for a period of 3 months
under both accelerated and room temperature storage
conditions; there is no change in color, no precipitation of
oil, no change in the DHA content, reconstitution time,
and particle size. It can be concluded that the results of
stability studies of S-SNEDDS of DHA are highly stable
and can be stored at room temperature for an extended
period [48].

It is imperative to acknowledge that the precise
stability benefits provided by S-SNEDDS are contingent
upon the formulation's design, encompassing the excipient
selection, drug characteristics, and intended route of
administration. Formulating and optimizing needs and
conducting comprehensive stability testing is crucial to
ensure the efficacy of the medicine and its stability.

The stability comparison between solid self-
emulsifying drug delivery systems (S-SNEDDS) and
nanoemulsions highlights a subtle compromise between
the properties of the formulations. The solid-state of
S-SNEDDS confers intrinsic resistance to oxidation and
hydrolysis, thereby augmenting its long-term stability. This
characteristic is especially beneficial for pharmaceutical
items that need a longer shelf life and are less likely to

be affected by external influences. However, their liquid

state can present stability issues, such as coalescence and
phase separation, even though nanoemulsions provide
advantages such as enhanced solubility, rapid absorption,

and improved drug bioavailability.

The Effect of S-SNEDDS Formulation on
Nanoemulsions Stability

Nanoemulsions might encounter diminished stability
due to various factors, including gravitational separation,
Ostwald ripening, and coalescence. When smaller droplets
dissolve and contribute to the development of larger
droplets, Ostwald ripening occurs, resulting in an irregular
droplet size distribution and long-term instability. Phase
separation can result from coalescence, the merging of
adjacent particles caused by inadequate surfactant coverage
or unfavorable interfacial conditions [14]. Additionally,
because the small droplet size provides insufficient
resistance to gravitational forces, the gravitational
separation process—also known as creaming—poses
a challenge. A combination of these factors influences
the potential instability of nanoemulsions. As a result,
stability and shelf-life improvements are achievable by
implementing meticulously executed formulation and
stabilization techniques [36].

S-SNEDDS enhance the stability of nanoemulsions
by providing a solid matrix for the emulsion. These solid
particles act as stabilizers and contribute to the system's
stability. Several mechanisms of S-SNEDDS that help
enhance the stability of nanoemulsions involve a variety of

complex mechanisms. S-SNEDDS are crucial in enhancing

Degradation Rate Constants at Different Temperature
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Figure 4. Graph of stability study of Letrozole.
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the stability of nanoemulsions. One primary purpose is
their capacity to act as a tangible obstacle, creating an
organized framework that encloses and protects the
emulsified droplets. This matrix effectively stops droplets
from merging and joining, which is necessary to prevent the
disruptive processes of flocculation and coagulation. The
solid parts of these S-SNEDDS give the nanoemulsions
mechanical stability by holding the dispersed phase in
place and protecting it from gravitational forces that could
cause the phases to separate [5].

Also, Ostwald ripening can be stopped by adding
solid lipid nanoparticles to nanoemulsions as S-SNEDDS.
Ostwald ripening is when smaller droplets break apart and
spread their contents onto larger droplets. This process
significantly contributes to the instability of emulsions.
The solid seeds are essential for keeping the nanoemulsions
stable over time because they stop Ostwald ripening and
ensure that the droplet sizes are spread out more evenly.
The composition and surface properties of solid seeds
significantly influence the stability of nanoemulsions. By
adjusting these parameters, achieving the most effective
interactions with both the dispersed and continuous
phases is possible, hence improving the overall stability of
the emulsion. The gradual release of the dispersed phase
from the solid seeds enhances the nanoemulsions's long-
lasting stability [49].

One of the studies of nanoemulsion made it into a
solid with the active drug Letrozole (I.Z), a breast cancer
medication. This formulation's stability studies were
subjected to accelerated temperature for three months
using the degradation rate constant parameter. The result
showed (fig 4.) that there was no significant change in
Letrozole content at all temperatures through the study
interval. Both formulations show increasing degradation
rates with increasing temperature. The LZ nanoemulsion
generally degrades slightly faster than the LZ solid
nanoemulsion at lower temperatures (K, and K, ), but
the LZ solid nanoemulsion degrades slightly faster at the
highest temperature (I, ) [50].

In addition, the plot extrapolation determined The
degradation rate constant of LZ nanoemulsion at room
temperature (K25 = -2.44904), and then shelf-life was
calculated, which was 2.6 years. The degradation rate
constant LZ solid nanoemulsion at room temperature was
(K25 = -2.61978), and the shelf-life was 3.66 years. The
optimized SNE-2 has a considerably higher expiration date
than NE-3 since the solid demonstrated more stability of
solid than liquid preparations [50].

S-SNEDDS improve the stability of nanoemulsions

by doing many things, such as creating a physical barrier,

Jurnal Sains Farmasi & Klinis | Vol. 12 No. 01 | 2025

stopping merging, stopping Ostwald ripening, and letting
control of the interactions. S-SNEDDS exhibit improved
stability, making them suitable for many pharmaceuticals,
cosmetics, and food applications.

The stability can be increased through various

mechanisms:

* Oxidation Protection: The solid state of
S-SNEDDS is a barrier to prevent oxidation. This
is especially crucial for medications susceptible
to oxygen degradation, as the solid form restricts
exposure to air and aids in maintaining the
chemical stability of the medication [51].

*  Encapsulation of Hydrophobic Pharmaceuticals:
S-SNEDDS are specifically formulated to
enclose hydrophobic pharmaceuticals within a
solid matrix. Encapsulation protects against the
aqueous environment, impeding hydrolysis and
enhancing the drug's stability when exposed to
moisture [35].

*  Improved Drug Solubility: The primary objective
behind the development of S-SNEDDS is to
enhance the solubility of the drug, thereby
inhibiting any potential crystallization or
precipitation. The enhanced solubility enhances
the drug's stability in its solid form [52].

* Controlled Release: The solid matrix in
self-nanoemulsifying drug delivery systems
(S-SNEDDS) facilitates the controlled drug
release, ensuring a consistent and sustained
drug concentration over time. Implementing
this controlled release mechanism can enhance
the drug's stability in terms of its chemical
composition and therapeutic effectiveness [53].

*  Convenience of Handling and Storage: Solid
formulations offer greater ease of handling
and storage than liquid formulations. They
exhibit reduced susceptibility to problems such
as leakage, coalescence, and phase separation,

enhancing the medicinal product's overall

stability [54].

S-SNEDDS
Bioavailability

Effectiveness Based on Drug

Drug stability directly impacts drug bioavailability,
determining the pharmaceutical formulation's solubility,
chemical integrity, and release kinetics. Stable drugs retain
their initial characteristics, guaranteeing appropriate
absorption and dissolution within the gastrointestinal tract.
Stability fluctuations may result in degradation, modified

solubility, or unsuitable release rates, all of which have
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Table 4. Effectiveness of S-SNEDDS Formulation on Drug Bioavailability.

Drugs/Active Compounds Bioavailability References
T .. (hour): 2
t1/2 (hour): 7,23 £ 0,39
Piperine [15]
Ke (hour): 0,096 + 0,006
C,. (ug/mL): 24,81£3,07 T (jam): 0,5
Clopidogrel AUC, _ (ug hour/mL): 48,79 + 14,84 561
C_ (ng/mL):132,9£27,2
T . (hour):3,7+ 1,4
Revaprazan [21]
t1/2 (hour): 7,4+ 6,5
C,..(ug/mL): 1,43 + 2,65
T, (hour): 6
Sertraline 24]
AUC, .. (ug hour/mL): 1233,83 + 42,65
C,.. (ug/mL): 1£ 0,300
T .. (hour): 4
CoQ10 571

t1/2 (hour): 40,430+ 6.37

AUC,, (ug hour/mL): 38,55+ 3,42

adverse effects on the absorption and bioavailability of
the drug [54].

S-SNEDDS has a significant influence on the
pharmacokinetics of drugs given to patients. This effect
is primarily reflected in increased bioavailability, as seen
by higher plasma concentrations and faster absorption
kinetics. Pharmacokinetic studies consistently show a
decrease in the time to peak concentration (Tmax) and
an increase in peak concentration (Cmax), indicating the
efficiency of S-SNEDDS in increasing drug absorption.
Additionally, the expansion of the area under the
concentration-time curve (AUC) emphasizes sustained
and improved drug exposure over time [55].

Based on the obtained pharmacokinetic parameters,
the drugs formulated in S-SNEDDS in Table 3 have good

pharmacokinetic values. Compared with drugs or active

24

substances made by conventional methods, the maximum
concentration of SNEDDS solid drugs is higher, and
the maximum time required is also shorter. The in-
vitro dissolution results of solid clopidogrel SNEDDS
showed high clopidogrel drug release. This could be
because of how quickly the nano-delivery system forms
a preconcentrate after liquid SNEDDS is released from
the cartier compound's surface. The surface area of this
carrier compound contributes to drug release. Also, tests
done on living things show that clopidogrel SNEDDS
is 9.07 times more bioavailable than other clopidogrel
drugs (Plavix), as shown by the Cmax and Tmax values.
This shorter time is obtained as a result of the lymphatic
absorption of the drug into the systemic circulation of the
nanometric formulation. The bioavailability of clopidogrel

is also increased by blocking CYP3A4-mediated first-pass
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metabolism in the liver. This lets more of the drug enter
the systemic circulation and is linked to a faster rate of
clopidogrel absorption [56].

The increased absorption of S-SNEDDS may be due
to increased solubility. It is possible for drug compounds
thataredissolvedin either L-SNEDDS or S-SNEDDS to go
straight into the GIT as nanoemulsions droplets, skipping
Nanoemulsions of Nanoemulsions of oil and water that
are smaller than 50 nm can get into the absorption site
through the pathway used in the formulation, which can
protect the drug from enzymatic degradation. Nonionic
surfactants make drugs more soluble and dissolvable,
lower the interfacial surface tension, and help drugs pass
through epithelial cells [58].

Furthermore, the overall impact of the S-SNEDDS
formulation on various drug compounds showed
an improvement pattern regarding pharmacokinetic
optimization. A consistent increase in the time required to
reach maximum concentration (Tmax) indicates controlled
release and sustained absorption of the drug compound.
Correspondingly, longer elimination half-times (t1/2)
indicate the continued presence of drug compounds
in the systemic circulation, potentially providing a more
prolonged therapeutic effect. The increased maximum
concentration (Cmax) values observed for various drug
compounds characterize higher concentration peaks,
indicating improved drug absorption kinetics and better
availability. This increase in exposure is further emphasized
by the rise in the area under the concentration-time curve
(AUC), encompassing the cumulative drug concentration
over time. These observed trends consistently confirm
the potential of S-SNEDDS formulations to increase
the bioavailability of various drug compounds. The
concurrent pharmacokinetic improvements of various
drug compounds emphasize the systematic impact of
these formulations on drug absorption, distribution, and
overall drug exposure [59].
of S-SNEDDS

is achieved through increased solubility and drug

Increased oral bioavailability
dissolution. Moreover, the main reason for increasing the
oral bioavailability of solidified SNEDDS is the selected
solid carrier, which provides a high specific area at the
absorption site. Higher bioavailability values indicate
that the solid carrier increases overall drug and systemic

absorption from the gastrointestinal lumen [14].
Conclusion

Solid  self-emulsifying  drug  delivery
(S-SNEDDS) have the potential to provide a viable

systems

Jurnal Sains Farmasi & Klinis | Vol. 12 No. 01 | 2025

approach to improving the stability of nanoemulsions. By
integrating the stabilizing characteristics of S-SNEDDS,
which include the solid state that offers defense against
oxidation and hydrolysis, it is possible to enhance the
stability of nanoemulsions. Enclosing nanoemulsions
droplets within a solid matrix can help alleviate problems
associated with phase separation and droplet coalescence,
resulting in a stronger and longer-lasting formulation.
The possibility of an innovative drug delivery system
being created by combining the desirable properties of
nanoemulsions with the stability attributes of S-SNEDDS
is an emerging area of research. Nevertheless, it is
imperative to thoroughly contemplate formulation design,
compatibility, and optimization to exploit the advantages
of both technologies efficiently. Further research and
advancements in this field may yield novel insights into the
potential stabilizing effects of solid self-emulsifying drug

delivery systems.
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