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ABSTRACT

A solid lipid nanoparticle provides the opportunity of
developing new therapies due to their unique size-de-
pendent characteristics. They are a small particle that
ranges between 1-100 nm in size. Lipid nanoparticles
have risen in popularity in this context due to their
widespread acceptance as nontoxic, biocompatible,
and simplified formulation. They are safe, efficacious,
and scalable enough to be made on a large scale and
advanced to clinical usage. Pharmaceutical uses of
lipid nanocarriers include the transport and distribu-
tion of a wide range of therapeutic agents, from bio-

ABBREVIATIONS

NP: Nanoparticles; SLN: Solid Lipid Nanoparticles; NLC: Nano-
structure Lipid Carrier; LNP: Lipid Nanoparticles; gm: Gram;
nm: Nanometer

INTRODUCTION

Nanoparticles are colloidal particles very small i.e. 10-1000 nan-
ometers in size. They are made of synthetic/natural polymers
and are designed to improve drug delivery while lowering tox-
icity. They have evolved into a versatile alternative to liposomes
as medication carriers over time. Nanoparticles (NP) are able to
cross many anatomical barriers and releases their contents for the
prolonged period, and their stability in the nanoscale size are all
important factors in the effective use of NP for drug delivery. Sol-
id lipid nanoparticles are at the vanguard of the rapidly emerging
field of nanotechnology, with a wide range of potential uses in
medication delivery, clinical treatment, research, and other fields
(Mukherjee S, et al., 2009).

Lipid Nanoparticles (LNPs) (Figure 1) provides an opportunity
of developing new therapies due to their unique size-dependent
characteristics. Lipids have been proposed as an alternate carrier
to avoid the constraints of polymeric NP, notably for lipophilic
medicines. SLNs are a type of LNPs that is receiving a lot of inter-
ests from formulators all over the world. SLNs are appealing be-
cause of their potential to increase the performance of medicines,
neutraceuticals, and other materials due to their small size, vast
surface area, high drug loading, and phase interaction at inter-
faces (Argimon M, et al., 2017).
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Figure 1: Structure of solid lipid nanoparticles
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technological products to tiny drug molecules. This
review begins with a brief summary of the common
starting materials used to make Solid Lipid Nanopar-
ticles (SLNs), as well as their screening, SLNs formu-
lation principles, and various methods used to formu-
late SLNs along with its diverse applications.
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MATERIALS AND METHODS

Starting materials used

In general terms, the ingredients used for preparation of Sol-
id Lipid Nanoparticles (SLNs) and Nanostructure Lipid Carrier
(NLC) include a solid lipid, liquid lipid, a surfactant and water, in
addition to the active molecules to be incorporated. It is meant for
the use of beginning materials that are usually regarded as safe.

Lipids: Lipids are the primary structural component of lipid
nanoparticles and, as such, are the most important component
of the matrix, defining the properties of these colloidal systems.
The most common ingredients are free fatty acids, fatty alcohols,
glycerol esters, and waxes. Phospholipids, glycolipids, and sphin-
golipids are also included. Furthermore, some of these lipids have
asurfactant function that aids in particle formation. Several of the
lipids commonly utilized in the synthesis of SLNs and NLCs are
listed in Table 1.

Table 1: Lipids that are commonly employed in the manufac-
ture of SLNs and NLCs (Khatak S and Dureja H, 2017; Gordil-

lo-Galeano A and Mora-Huertas CE, 2018)

Category Examples

Triglycerides

Tricaprin (Dynasan 110™), Trilaurin (Dynasan
112), Trimyristin (Dynasan 114), Tripalmitin
(Dynasan 116), Tristearin (Dynasan 118)

Fatty acids

Stearic acid, Oleic acid, Palmitic acid, Behenic
acid

Monoglycerides

Glyceryl monostearate (Imwitor 900, Geleol),
Glyceryl behenate (Compritol 888 ATO), Glyceryl
palmitostearate (Precirol® ATO 5)

Mixtures

Witepsol W35 (A mixture of 65%-80% of tri-
glycerides, 10%-35% of diglycerides and 1%-5%
of monoglycerides)

Witepsol H35 (triglycerides with portions of
maximum 15% of diglycerides and maximum 1%
of monoglycerides), Medium-chain triglycerides

caprylic/capric (Miglyol®)

Fatty alcohols

Stearyl alcohol, Cetyl alcohol, Lauryl alcohol

Waxes

Cetyl palmitate, Beeswax, Carnauba wax
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Screening of lipids: The basic goal of lipid carrier-based formulations is to
transport hydrophilic or lipophilic medicines to the desired region. Phos-
pholipids are utilized to promote permeability by reducing the problem of
the lipophilic moiety’s solubility. The permeability of hydrophilic drugs via
biomembrane is limited, which can be enhanced by introducing the active
moiety in the lipid core. Hence, both hydrophilic/lipophilic drugs can be
encapsulated in the lipid carriers. Proteins and peptides are unstable in the
GIT at various pH levels, which can be mitigated by using lipid carriers
(Khatak S and Dureja H, 2017). Long-chain fatty acids crystallize at a slow-
er rate than short-chain fatty acids. Because of their increased crystalline
structure, waxy-lipid nanoparticles are more stable and display impressive
drug ejection. By combining solid lipid with liquid lipid (oil) in the prep-
aration of solid lipid dispersions, difficulties such lipid crystallinity and
polymorphism can be avoided (Gordillo-Galeano A and Mora-Huertas
CE, 2018).

Selection criteria of lipids: Following criteria is used for the selection of
lipids for SLNs (Duan Y, et al., 2020)-

« Partition coefficient is the main criteria reported for the selection of lipid
carriers.

« Compatibility between drug and lipid carrier(s).

» Melting point of the lipid carrier should be more than 45°C to minimize
the stability problems.

« The HLB value of core materials should be less than 2. Since they are
more lipophilic and have more chances to form solid matrices over the
hydrophilic materials.

o Lipid carrier should have the property to stabilize the incorporated
drug(s).

« Higher and lower crystalline lipid matrix will lead to drug expulsion and
degradation.

« Thermodynamic stability and lipid packing density.
« The occlusive property for topical preparation depends on the level of the
lipid crystallinity.

Stabilizing agents

Stabilizing agents, primarily surfactants (Table 2) are used in the prep-
aration of SLNs and NLCs. Surfactants have the ability to reduce the
interfacial energy between the lipid phase and the aqueous phase during
particle preparation due to their tendency to accumulate in the binding
interface, forming a layer around the particles that favors the physical sta-
bility of the dispersion during storage. Surfactants and co-surfactants that
are routinely utilized in the Properties of stabilizing agents: The stability
oflipid dispersion during storage can be reduced by using the right surfact-
ant and co-surfactant. Non-ionic surfactants are recommended because
they are less irritating and harmful. Following properties of surfactants are
responsible for the improvement of the bioavailability of poorly soluble
drugs (Mahajan PS, et al., 2015).

Table 2: Surfactants typically utilized in SLNs and NLCs

Amphoter- | Soybean lecithin (Lipoid S75, Lipoid S 100), Egg lec-
ics ithin (Lipoid E) Phosphatidylcholine (Epikuron 170,
Epikuron 200)
Co-surfac- | Polyvinyl alcohol (PVA), Butanol, Propylene glycol,
tants Polyethylene glycol.

« Non-ionic surfactants are more hydrophobic and have a higher potentia
to solubilize drugs that are difficult to dissolve.

« They do not irritate or harm biological membranes.

« Numerous non-ionic surfactants influence drug pharmacokinetics by
influencing efflux pumps like P-glycoprotein and/or multi-drug resist-
ance-associated proteins.

« Surfactants that are ionic, anionic, or amphoteric are less hazardous than
cationic surfactants.

« Non-ionic surfactants prevent the degradation of lipid matrix in vitro.

« The density of polyethylene oxide chains on non-ionic surfactants can
change the surface of a lipid nanoparticle, affecting the rate of breakdown
in vivo.

Selection criteria of stabilizing agents: Following criteria is used for the
selection of stabilizing agents for SLNs (Mahajan PS, et al., 2015; Sastri KT,
et al., 2020; Garud A, et al., 2012).

« Invasive and non-invasive route of administration
« HLB value of the surfactant
« Consequences of lipid variation and particle size

« The role of gastrointestinal lipid instability and degradation
Other additives

Other additives such as glucose, fructose, and sorbitol are used as cryo-
protectants in lyophilized formulations, chitosan has been reported as a
coating material, and parabens or thiomersal are included as antimicrobial
preservation agents for particle dispersions, in addition to the lipid com-
ponents and stabilising agents used to prepare SLN and NLC. In addition,
commercial preservatives composed from pentylene glycol, caprylyl gly-
col, phenoxyethanol, benzyl alcohol, tocopherol, and potassium sorbate,
among other ingredients, were used (Montoto S, et al., 2020; Badilli U, et
al., 2018).

RESULTS AND DISCUSSION
Preparation of SLNs formulation

Principle: SLNs are made up of a phospholipid-coated solid hydrophob-
ic core matrix containing the hydrophobic tails of the phospholipid part.
SLNs also contain APIs such as drugs, genes, DNA, plasmids, and pro-
teins, as well as solid lipid(s) and emulsifiers. The lipids used to make SLNs
are surfactant stabilized, which means they are solid at physiological and
room temperatures. Lipids are classified as fatty acids, fatty esters, fatty al-
cohols, triglycerides, and partial glycerides based on their structure. Ionic
and nonionic polymers such as Pluronic such as F-68 and F-127 are used

as emulsifiers, surfactants, and organic salts. Their physicochemical prop-
Category Examples ulsifi £ d organic salts. Their physicochemical prop
— - erties, on the other hand, have an impact on the behavior of the respective
Nonionics Polyoxyethylene (20) sorbitan monolaurate (Poly- . . L .
R SLNs in both in vivo and in vitro release (Duong VA, et al., 2020; Singh R,
sorbate 20, Tween 20), Polyoxyethylene (20) sorbitan 2019)
monostearate (Polysorbate 60, Tween® 60) Polyoxyeth- '
ylene (80) sorbitan monooleate (Polysorbate 80, The interfacial tension and surface tension between two liquids determine
Tween 80), Poloxamer188, Poloxamer 407, Poloxamer the creation of colloidal nanoparticles. As a result, the adhesive forces be-
182, Ethoxylated p-tert-octylphenol formaldehyde tween two liquids are the most important factor in the production of solid
lipid nanoparticles. Because of the weaker adhesive forces compared to gas,
polymer (Tyloxapol) P p p 8
- - - : the interfacial tension between two liquids is usually less than their surface
Anionics Sodium lauryl sulfate, Sodium cholate, Sodium . ] B S
lycolate tension. Surface free energy of interfacial tension is formed by molecules
— - - & - at the interface, which are agitated and form a spherical system to reduce
Cationics 1,2-dioleoyl-3-trimethylammonium-propane . .
(DOTAP), Cetri um bromid surface free energy. The amount of work required to increase the surface
, Cetrimonium bromide.
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area of the scattered particles is as follows (Miiller RH, et al., 2000; Ganesan
P and Narayanasamy D, 2017).

W=Y x AA

Where, W=Work (in ergs)

Y=Surface tension (in dynes/cm?)

AA=Increase in surface area (in cm?)

Surfactant selection is also based on Griffin's HLB scale, which assigns a
high value to a hydrophilic molecule and a low value to a hydrophobic

molecule. Polyoxyethylene is the only hydrophilic component in non-ionic
surfactants.

HLB=EO/5

Where, EO is the % by weight of ethylene oxide

In the case of polyhydric alcohol fatty acid esters, HLB=20(1-S/A)

Where,

S=Saponification number of the ester

A=Acid number of the acid

Solid lipids are employed as a substitute for the oil phase and melted and
combined with the aqueous phase in SLNs, which are very similar to emul-
sions (Salah E, et al., 2020). This combination is agitated at a high speed, re-
sulting in the creation of fine droplets of dispersed phase in the dispersion
medium. The interfacial tension between the two liquids is decreased by

introducing a surfactant as a third component, lowering the surface energy
and forming stable SLNs. Solid lipids are employed as a substitute for the

Drug in melted

Dispersion of lipid
Phase into hot
agueous surfactant

Pre-emulsion
using stirrer

Cooling at Room
Lipid Temperature the
Solidification

oil phase and melted and combined with the aqueous phase in SLNs,
which are very similar to emulsions (de Oliveira IE et al., 2020).

The word surfactant primarily refers to surface-active agent. They reduce
the surface tension between two or more substances that are in the same
or different physical states when they come into contact (Pardeike J, et al.,
2009). Surfactants improve the stability and drug loading capability of
SLNs. Surfactants such as CPC, Poloxamer 407, and Tween-80 are com-
monly utilized to improve the efficacy of SLNs during drug administration
(Zhong Q and Zhang L, 2019).

Techniques of formulation development

There are various techniques of development of SLN formulation dis-
cussed below-

High pressure homogenization: High pressure homogenization (HPH) is
a process in which a liquid or dispersion is pushed through a gap of a few
micrometres at high pressure to produce submicron-sized particles. The
particles are broken down by strong shear stress and cavitational forces,
resulting in a reduction in particle size. HPH can be done at a high temper-
ature or at a low temperature, which are referred to as High-hot pressure
homogenization and high-cold pressure homogenization (Figures 2 and 3),
respectively (Lin CH, et al., 2017). The lipid(s) and drug(s) are heated to
about 5°-100°C over the melting point of the lipid in the first phase of both
processes, so that the drug is dissolved or disseminated in the melted lipid.
Lipid concentrations typically range from 5% to 20% w/v (Lingayat V], et
al., 2017).

Formulation of
Solid Lipid
Nanoparticles

Hot O/W
Nano-emulsion

High Pressure

Figure 2: Hot homogenization method for preparation of SLNs

Melted Lipid + Active Pharmaceutical

Ingredient

]

Suspension in
Water using

"

@ Drug Solution in melted Lipid

L

High Pressure
Homogenization

Formation
of SLNs

homogenization

Figure 3: Cold homogenization method for manufacturing of SLNs
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The amphiphile-containing aqueous phase is added to the lipid phase at the
same temperature as the lipid melting, and the hot pre-emulsion is created
using a high-speed stirring device in the second step of the HPH process.
The lipid is driven through a confined space (few mm) at high pressure of
about 100-1000 bar for 3 to 5 times, depending on the formulation and
desired result. The API is disseminated or dissolved in the lipid melt before
homogenization (Mehnert W and Méder K, 2012). Furthermore, there are
certain limitations to this methodology such as-

I. because of the deterioration of heat-sensitive medications, it cannot be
utilized, and

II. When the number of rotations or the pressure of homogeneity is in-
creased, the particle size usually increases as well.

Nevertheless, by preparing SLNs with cold-HPH, these limitations can be
overcome (Parhi R and Suresh P, 2012). The second phase entails the pro-
duction of a suspension of melting lipids and medicines, followed by rapid
chilling in dry ice and liquid nitrogen, as previously mentioned. Milling
converts the powder into microparticles in the third phase. The micropar-
ticles are then dispersed in a cold aqueous surfactant solution. Homogen-
ization is commonly performed for 5 cycles at 500 bars in the final phase
to develop SLNs (Paliwal R, ef al., 2020; Sawant KK and Dodiya SS, 2008;
Garse H, et al., 2015).

High shear homogenization and/or ultra-sonication: Ultrasonication
and high shear homogenization are dispersion processes. Lipid nano-
particle dispersions are made via high shear homogenization followed by
ultrasonication of melted lipid in a warm aqueous phase including surfact-
ants. This approach entails heating a solid lipid to a temperature of about
5°C-10°C over its melting point. To form an emulsion, the lipid melt is
dispersed in an aqueous surfactant solution at the same temperature with
high-speed stirring. The emulsion’s droplet size is reduced after sonication.
Lipid nanoparticle dispersion is achieved by gradually cooling the warm
emulsion below the lipid utilizationtemperature. Ultracentrifugation can
be used to obtain concentrated lipid nanoparticle dispersions (Figure 4).
High-speed stirring and ultra-sonication have been widely used in com-
bination to achieve SLNs dispersions with narrow particle distributions (Bi
R, et al., 2009; Jawahar N, et al., 2013; Patel RR, et al., 2016).

"h'ﬂ -» 888

Lipid Phase Heating

(Lipid+Drug)  Aqueous Phase  VMith High Ultrasonication Gradual Cooling
And lipid Shearing
disperse lipid
meltin aqueous
phase

Figure 4: High shear homogenization technique

Evaporation-solvent emulsification: The lipophilic substance and the
hydrophobic medication are dissolved in water-insoluble organic solvents
such cyclohexane, toluene, and chloroform in this approach. The mixture
is now emulsified in an aqueous phase using high-speed homogenization.
The coarse emulsion is allowed to pass through a micro fluidizer very im-
mediately. The organic solvent is evaporated in a rotary evaporator with
mechanical agitation at room temperature and reduced pressure (Figure
5). Thermal stress is avoided in this method. As a result, the inclusion of
extremely thermolabile compounds is now a possibility. The use of an or-
ganic solvent, which may react with drug molecules, is a distinct drawback
(Bayon-Cordero L, et al., 2019; Delshadi R, et al., 2021).

864 Systematic Review Pharmacy
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Figure 5: Evaporation-solvent emulsification technique

Phase inversion method: In phase inversion methods, coarse emulsions
are generated initially, then the composition or temperature is changed to
cause phase inversion and the formation of fine oil droplets without the
use of considerable mechanical energy (Nasiruddin M, et al., 2017). These
methods can be used in settings where surfactant interfacial characteristics
are a function of composition or temperature. Because the heating stage
can be utilized to melt solid lipids, the Phase Inversion Temperature (PIT)
approach is particularly interesting for forming SLNG.

Some surfactants’ interfacial characteristics, particularly nonionic surfact-
ants, are temperature dependent. Preheating a heated emulsion induces
the restructuring of oil/water/surfactant mixes to create SLNs or NLCs,
and heating an emulsion with a constant composition above the PIT can
induce complete or partial inversion between w/o and o/w emulsions
(Palmer BC and de Louise LA, 2016).

Method of using a micro-emulsion as a template: The lipid (fatty acid/
glyceride) is first melted, and the drug is then disseminated in the mol-
ten lipid. A mixture of water, surfactant, and co-surfactant is heated to a
temperature that is at least as high as the lipid’s melting point (Pinto ME,
et al., 2014). To make a translucent microemulsion, add this aqueous sur-
factant solution to the lipid melt while swirling gently. This microemulsion
is then dispersed in water at a temperature of 2 to 10 degrees Celsius with
gentle mechanical agitation. The typical hot microemulsion to cold water
ratio is between 1:25 and 1:50. To improve the particle concentration, sur-
plus water is removed using ultra-filtration or lyophilization (Figure 6)
(Sonawane R, et al., 2014).

Lipid Phase Hot Emulsion SLN

Dispersion of Lipid melt Dispersion in

in aqueous solution cool water

S_ 7
T+ =>4
=

Aqueous phase
Figure 6: Micro-emulsion method

The microemulsion approach for large-scale manufacture of SLNs appears
to be possible and is now being developed (Korkmaz E, et al., 2013). The
microemulsion is manufactured in a large, temperature-controlled tank
for the scale-up process, and then pumped from this tank into a cold
water tank for the precipitation stage. For the scale-up procedure, the
microemulsion is made in a large, temperature-controlled tank, and then
pumped into a cold water tank for the precipitation stage. To preserve the
same product attributes, these should alter as little as possible throughout
scale up (Dhillon P, et al., 2019).

Solvent injection method: The solvent diffusion method’s core premise
has been expanded to the production of SLNs using the solvent injection
approach. An injection needle is used to quickly inject lipids dissolved in a
water miscible solvent or a water miscible solvent mixture into an aqueous
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phase containing surfactants (Kong X, et al., 2016). Acetone, isopropanol,
and methanol are normally employed solvents in this procedure. This
method has a number of advantages over previous methods, including
ease of use and a quick manufacturing process without the use of tech-
nically sophisticated equipment such as a high-pressure homogenizer
(Badawi N, et al., 2020). The usage of organic solvents is a downside of the
“solvent injection” method. Although some solvents are pharmaceutically
acceptable, they cannot be utilized for particular routes such as parenteral,
ocular, or intravenous since any residual solvent could injure the patient
adversely (Pham DT, et al., 2019; Moglad EH, et al., 2020).

W/O/W double emulsion method: Two steps are involved in the manu-
facture of SLNs using the double emulsion approach. To make primary
emulsion (w/0), drug (mostly hydrophilic drug) is dissolved in aqueous
solvent (inner aqueous phase) and then dispersed in lipid-containing
emulsifier/stabilizer (e.g. lecithin) (oil phase) (Puri A, et al., 2019). After
adding an aqueous solution of a hydrophilic emulsifier (e.g. poloxamer,
PVA) and stirring, a double emulsion (w/o/w) is generated, this is then
isolated by filtration (Figure 7). The use of a double emulsion process elim-
inates the need to melt lipid for the synthesis of protein and peptide-loaded
lipid nanoparticles, and there is the possibility of altering the surface of
the nanoparticles to sterically stabilise them by incorporating a lipid-PEG
derivative. The resistivity of these colloidal systems in the gastrointestinal
fluids was greatly increased by sterical stabilization (Abdel-Salam FS, et al.,
2016).

Solution of Lipids Primary Emulsion WIOMW
Drug i Wio Emulsion SLN

Dispersing Initial Precipitation
emulsion in by cooling
secondary

aqueous phase

Dissolving Drug
solution in melted
Lipid

Healing
Figure 7: Double emulsion method

The polydispersity of the final double emulsion is exacerbated by each
emulsification stage, which culminates in a highly polydisperse droplet
distribution. As a result, any particles generated from such double emul-
sions are inherently uncontrollable in size and structure, limiting their
applicability in applications requiring precise control and release of active
ingredients (Carbone C, et al., 2020). This approach was used to prepare
sodium cromoglycate containing SLN, but the resulting colloidal system
produced average particles in the micrometre range. A unique reverse mi-
celle-double emulsion process using sodium cholate-phosphatidylcholine
based mixed micelles was used to make insulin-loaded SLN (Elnaggar YS,
et al., 2011; Firdaus S, et al., 2021; El-Kamel AH, et al., 2007).

Applications of SLNs formulations

SLNs have a variety of potential uses, some of which are listed below-

SLN as drug carriers for topical drug delivery: SLNs are widely used for
topical drug delivery. Systemic adverse effects such as skin shrinkage have
been documented after using traditional prednicarbate cream (Begum M
and Shaik NB, 2020). This may have been averted if the drug had been
made into SLNs. Prednicarbate absorption was increased in the SLN for-
mulation, and it was deposited in the epidermis with low quantity in the
dermis (Odumosu P, ef al., 2016). Triptolide is also delivered topically via
SLNs. Triptolide penetration into the skin was shown to be increased by
SLN, as was anti-inflammatory activity. This method increased bioavail-
ability at the site of action, lowering the required dose as well as dose-de-
pendent adverse effects including stinging and irritation (Sarma A and
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Das MK, 2019). Tretinoin is also delivered topically using SLNs made from
natural lipids (Gu Y, et al., 2018). When compared to methanolic tretinoin,
tretinoin in SLNs improved photostability and prevented isomerisation,
according to the findings (Liu X and Zhao Q, 2019). They claimed that it
had better skin tolerability and a higher penetration profile than the com-
mercial cream (Zamarioli CM, et al., 2015).

Anticancer drug delivery via SLNs: Multiple drugs both hydrophilic and
lipophilic can be included into SLNs. The drug can be added in three ways,
depending on the composition of the nanoparticles and the technique of
synthesis-

a) It can be evenly disseminated in the lipid matrix

b) It can be included into the shell that surrounds the matrix in concern
(or)

¢) It can be dispersed throughout the outer shell (Gaba B, et al., 2015).

The drugs employed in antitumor chemotherapy are classified as alkylating
agents, antimetabolites, natural products, or hormonal substances (Kumar
V, 2022; El-Say KM and Hosny KM, 2018). Temozolomide is one of the
alkylating agents that can be mentioned. Three nitrogen atoms close to a
heterocyclic ring provide this chemical significant anticancer action (Pooja
D, etal., 2015).

When compared to free temozolomide, SLN-administered temozolomide
has shown to be more effective in the treatment of melanomas, delivering
significantly more cytotoxicity in JR8, A2058 human, and B16-F10 murine
melanoma cell lines (Krishnatreyya H, et al., 2019). To reduce toxicity while
boosting pharmaceutical safety and absorption, mitoxantrone-loaded SLN
local injections were devised. Doxorubicin (Dox) efficacy has been dem-
onstrated to enhance when doxorubicin (Dox) is incorporated into SLNs
(Uner M, et al., 2014). To make Dox-loaded solid lipid Nanoparticles, Dox
was complexed with a soybean-oil-based anionic polymer and then dis-
persed in water with a lipid. The system’s effectiveness has increased, and
cancer cells have decreased (Khalil RM, et al., 2014).

Antiviral medicines are delivered using SLNs: Microemulsions, nan-
oliposomes, nanoemulsions, solid lipid nanoparticles, biopolymer nano-
particles, and biopolymer nanogels are just a few of the nanoparticle de-
livery methods that can be made from pharmaceutical and/or food-grade
materials (Kuo YC, et al., 2019). Top-down approaches, which use mech-
anical devices such as homogenizers, sonicators, or milling devices to
break down bulk phases or large particles into small particles; bottom-up
approaches, which use mechanical devices such as homogenizers, sonica-
tors, or milling devices to break down bulk phases or large particles into
small particles.

Bottom-up techniques rely on changes in solution or ambient circum-
stances to encourage the production of tiny particles from molecules such
as crystallization, spontaneous emulsification, or anti-solvent precipitation
(Parvez S, et al., 2020). These methods can be combined to make nanopar-
ticles with new or better qualities in practise. For example, a nanoemulsion
can be created by homogenization, and then the emulsifier-coated lipid
nanoparticles can be electrostatically coated with nano-laminated polymer
layers. Several earlier studies have shown that nanoparticles can encapsu-
late and transport antivirals (Gaur PK, et al., 2013).

Because of their tiny size and variable surface properties, nanoparticles
can typically circumvent biological barriers when delivering antivirals to
diseased areas (Mante PK, et al, 2021). Antivirals produced from nano-
particles, for example, can connect to viral receptors on the surface of host
cells or be released inside the cell, disrupting the viral replication cycle
(Chaudhari PM and Bind VM, 2019).

SLNs in the treatment of tuberculosis: The delayed, prolonged, and regu-
lated release of nanobeads from a biodegradable particle is a noteworthy
aspect of nanobead delivery. Various animal models have been used to cre-
ate an antibiotic therapy based on polymer technology against M. tubercu-
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losis, but none of them has lived up to expectations or accurately mimics
all of the characteristics of human tuberculosis (Pham CV, et al., 2020).
Drug delivery vehicles are made out of nanoparticles that are characterised
as submicron (1 m) colloidal particles. Drugs can be covalently implanted
on the particle surface or integrated into the particle matrix for therapeutic
purposes (Londhe V and Save S, 2017). Polymers, which can be natural
(e.g., gelatin and albumin), synthetic (e.g., polylactides and polyalkylcyan-
oacrylates), or solid lipids, are examples of biocompatible and biodegrad-
able materials (Passos JS, et al., 2020).

Nanoparticles are taken up by cells more efficiently than bigger molecules,
making them a promising mode of transport and delivery. The carriers
have been modified to allow for regulated, gradual, and long-term drug
release from the matrix.

The benefits of a nanoparticle-based medication delivery method for tu-
berculosis treatment are listed below-

a) Longer time period/higher consistency.

b) Multiple medications can be contained in the matrix due to its high car-
rier ability.

¢) When compared to traditional medications, there are less negative ef-
fects.

d) Bioavailability has improved (slow, sustained, and controlled drug re-
lease).

e) The viability of alternative administration routes, such as oral delivery
and inhalation

f) Side effects are minimal, and compliance is higher (Rapalli VK, et al,
2021)

SLNs in the treatment of psoriasis

Psoriasis is a chronic immune-mediated skin disease marked by kerat-
inocyte hyperproliferation and increased dermal vascularity that affects
2%-3% of the global population (Arora R, et al., 2017). The aetiology of
psoriasis is complex and multifaceted, and the antigenic trigger of disease
onset is poorly understood, thus complicating antipsoriatic therapy. Top-
ical application also decreases the drug’s systemic bioburden and, as a re-
sult, its harmful effects (Fang JY, et al., 2008). The first-line antipsoriatic
therapy consists of a safe and well tolerated (75%-80%) topically applied
medications.

Betamethasone is an excellent antiproliferative drug among these dipro-
pionate betamethasones. However, it is rigorously discouraged by patients
due to the risk of skin atrophy and a psoriasis recurrence. Calcipotriol (CT),
avitamin D derivative, is another excellent antipsoriatic treatment option;
however it can cause significant skin irritation. Combination therapy using
two or more medications with different mechanisms of action may have
synergistic effects (Fang JY, et al., 2008). Betamethasone dipropionate and
calcipotriol loaded solid lipid nanoparticles topical gel was found to have
stronger antipsoriatic efficacy in-vitro and in-vivo.

CONCLUSION

SLNs have piqued the interest of several researchers due to their superior
properties and advantages over other traditional dosage forms, and other
colloidal counterparts of SLN have proven to be a significant nanotechnol-
ogy discovery due to their effective performance and as a safe vehicle for
pharmaceuticals. SLN combines the benefits of polymeric nanoparticles
and fat-based emulsions as a colloidal drug carrier. These systems offer a
number of advantages, including the capacity to easily incorporate lipid-
and water-soluble medicines, appropriate physical stability, and cheap cost
and ease of fabrication. SLNs are qualified as competent nanocarriers in
the expansion of targeted delivery systems for clinical trial investigations
due to their inherent properties. SLNs, too favors continuous release in
addition to excellent drug targeting.
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