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ABSTRACT

Fungal infection associated with eye annually affects more than one ten lakh people globally. It
can affect vision and sometimes causes complete blindness. Drug delivery through ocular route
has always been a challenge, as in the eye numerous barriers are located in conjunctiva, cornea,
iris-ciliary body and retina which prevents drug dose from reaching the site resulting into low
bioavailability of drug. Treatment through conventional dosage form often possess disadvantage
of low retention time of drug as they are flows out from the corneal cavity by tear flow and nasal
drainage.To overcome these challenges, the need of the hour is to fabricate a novel drug delivery
system that would overcome the barrier channels of eye and could results into enhanced drug
absorption atits site of action. Till date numerous technologies viz. Nanoparticles, Nanostructured
Lipid Carriers (NLC), Nano micelles, Microneedles, Liposomes etc have been developed. These
technologies can overcome the barriers located in the eye and improve bioavailability of drugs.
The present review highlights about nanostructured lipid carriers and their potential use in
ocular delivery. The aim is to study nanostructured lipid carriers as nanocarriers to increase the
permeability, solubility, bioavailability and retention time of active pharmaceutics agents through
ocular administration. High-pressure homogenization, emulsification-solvent evaporation and
micro-emulsion are some of the methods by which they can be prepared. So, it is concluded that
nanostructured lipid carriers represent a potential nanocarrier for the reliable delivery of drugs to
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the ocular tissues with increased solubility, bioavailability and residence time.
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INRODUCTION

Fungal infection is generally characterized by progressive
onsets of species of fungi and causes severe health problems in
immune-restricted individuals. It is greatly occurred in patients
having hematologic, allogeneic, prolonged leukopenia and
autologous grafts disorders. Fungal infections generally curve
whole body’s system and lead serious lethality to body’s cellular
system.! Keratitis is defined as inflammation of the cornea;
it is mainly divided according to its causes into infectious and
non-infectious. However, it occurs usually after a micro-organism
invading the corneal abrasion which may lead to severe visual
disability if left untreated. Therefore, appropriate treatment
of corneal is critical in order to regain normal physiological
conditions of the cornea. It commonly causes blindness or ocular
morbidity, especially in developing nations.” For the reason that
fungi cannot enter the cornea or Intact Corneal Epithelium
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(ICE) by blood vessels, major factors contribute for fungal
keratitis are chronic keratitis, post-traumatic infections, corneal
surgery, prolonged contact lens wear, and immunocompromised
disease.®> The common fungi causing ocular infections are
yeast-like fungi (such as Candida albicans) and filamentous fungi
(such as Aspergillus species).* The prevalence of ophthalmic
fungal infections has increased significantly in last few decades
due to increasing incidence of acquired immunosuppression
resulting from long-term use of broad-spectrum antibiotics,
immunosuppressants and AIDS. The etiology of ocular fungal
infection is interconnected to the epidemiology of disease. The
term visceral or innermost endophthalmitis refers a blood-borne
infection in the eye by pathogens. Fungal keratitis is the third
scientific manifestation of ophthalmic fungal infection.>”
Currently clinical drugs include polyenes like amphotericin
B and azole compounds like fluconazole (Table 1). Stability,
low permeability, and solubility of these agents limit its use
in treatment of fungal keratitis.® Therefore, drug treatment
of FK is still difficult, and the development of a potent,
broad-spectrum, antifungal novel drug delivery approach is
urgently required.
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Human eye is an extremely delicate organ that is susceptible to
varied infections. The eye infections causing agents can range
from various micro-organisms including fungi, viruses,
bacteria to parasites. Treatment may include antibacterial
agents, antifungal agents, antiseptic agents, antiviral agents,
and anthelminthic agents, depending on the type, cause and
reason of infection.’ Efficient drug delivery to eye still remains a
challenge for researchers and scientist. For the reason that the eye
creates some physiological barriers that serve as an obstacle and
limits ophthalmic drug delivery to the required site. Experts are
focusing on new domains of study to improve delivery systems to
specifically deliver drugs to target sites.’*!! The advancement into
area of delivery of drug to the eye has given rise to new techniques
for best treatment of eye diseases by novel therapies. These new
delivery systems are expected to provide sustained activity
through the method which has significantly less invasive nature
or class, more efficient and safer delivery methods. Various new
ophthalmic drug delivery systems are now a days in the practice
of interventional studies (clinical trials). They formulated to
have a prolonged duration of action, thereby achieving sustained
release of drugs. Likewise, many are earlier accessible in market.
Most of them were prepared to obstruct the issues linked to
the posterior section that commonly alter the eye over a long
interval of time. Recently, some novel drug delivery systems viz.
nanoparticles, nano-emulsions, nanosuspensions, liposomes,
nanofibers, micelles etc. have been developed to enhance local
ocular drug delivery Figure 1. These delivery systems are
needed for ocular drug delivery because of the many drawbacks
of conventional ophthalmic dosage forms. The main problem that
conventional treatment suffers is the low ocular bioavailability of
drugs, that causes most of drug to be gets wasted, a small amount
of which literally attains the target area of interest. The rationale
for this stuck is the specific structure of the eye and the behaviour
of its tissue. Due to these reasons, ocular delivery always remains
continues to be a vital challenge. If take the case of eye drops even
as a traditional means of drug delivery, the requirement for novel
drug delivery systems for ophthalmic treatments can be
emphasized by explaining the drawbacks correlated along
conventional/traditional eye drops. The posterior section of the
eye has not received eye drop treatment. Eye drops are known
to “only” cure disorders associated with the anterior segment.
At this point, most of drug is waste from the target site due
to ejection of droplets from eye, quick tear movement, blinking,
and triggering tears. Therefore, only a small amount of, less
than 5% drug, reaches the intraocular tissue.'*'*

In general, NDDS for ocular drug delivery are fabricated for two
objectives. %1316

(1) To develop the sustained and controlled release drug.

(2) Improve drug’s corneal perforation.
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NANOCARRIERS FOR OCULAR DELIVERY

Liposomes

These lipid with
phospholipid bilayers entrapping water inside, consequently

are vesicles/cyst one or more
the aqueous layer amphiphiles self-assemble to create single or
numerous concentric bilayers."” Dimension of liposome typically
varies from 0.08 to 10 pM, and depend on the dimension and
phospholipid bilayer, liposome is divided into 3 groups; small
unilamellar vesicles (10-100 nm), large unilamellar vesicles
(100-300 nm) and multilamellar vesicles (containing two
or more bilayers). The good biocompatibility, capability to
enclose both hydrophilic and lipophilic drugs and cell film-like
structure, make liposomes an absolute delivery system for ocular
applications. Liposomes have shown excellent efficacy for drug
delivery to each anterior and posterior section of eye in several
research studies.'® Novel drug delivery system likes liposomes are

very adaptable for to delivery of certain drug molecules.”
Benefits across conventional drug delivery system

o  Small-scale dimension.
o  Controlled release.
«  Enhanced ophthalmic bioavailability and absorption.

o Biocompatible, biodegradable or non-immunogenic.
Class of drugs that can be encapsulate

Each hydrophilic and hydrophobic drug molecule can be
encapsulated in liposomes.

Niosomes

It is a two-layer drug transporter system developed by the

self-consortium of non-ionic surface-active agents and
cholesterol in an aqueous portion that can encapsulate both
hydrophilic and hydrophobic molecules. These are chemically
stable for topical ocular administration, have minimum
toxicity due to their non-ionic character, do not require special
precautions or conditions for handling of surfactants, and have
unique structural properties; is preferred over other vesicular
systems. It is also used in customize forms e.g., Discosomes (10-

14 uM) in ophthalmology.?’

Nano micelles

the
system for formulation of therapeutic molecules in transparent

Nano micelles are globally used transporting

aqueous solutions. These are composed of amphiphilic
components. These components are surface-active or polymeric
in characters. There is now great interest in developing nano
micelle formulation method for ocular delivery of drug. Micelle

formulations enhance the BA of drug in ocular cells. Nano
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Table 1: Conventional anti-fungal agents used in the treatment of Fungal Infection.

Spectrum of Activity

Broad spectrum; active

Broad spectrum

Active in case of gram +ve and

Dose

Topical: 1.5-5mg/mL
Intravitreal: 5-0.1 ug/mL

Aspergillus species and

Topical: 50mg/mL

Broad spectrum

Topical: 2mg/mL

gram-ve microbe.

Broad spectrum

Broad spectrum

Broad spectrum

Topical: 10mg/mL
Intravitreal: 0.005mg/0.05mL

Topical: Img/mL
Intravitreal: 0.05-0.2mg/0.2mL

Topical: 100mg/mL

Topical: 20mg/mL

Topical: 10mg/mL

Intravitreal: 0.025-0.05mg/0.1mL

Topical: 1.5-5mg/mL
Intravitreal: 0.1mg/0.1mL
Topical: 10mg/10mL

of high thermodynamic reliability, enhanced solubility, and
enhanced corneal permeability. Parameters affecting the
durability of microemulsion systems are the choice of organic,
aqueous phase, surfactant and cosurfactant system.”? Tears
are alluring in ophthalmic delivery systems because it makes
more viscous and fluid after application, increasing retention
in the eye while maintain therapeutic efficacy. Agents used
for ocular administration are chloramphenicol, timolol and
sirolimus developed into different micro-emulsion with enhanced
durability, BA and solubility.”

Antifungal agents Side effects
Polyenes
Amphotericin B Nephrotoxicity, electrolyte
imbalance, against,
Hypokalaemia and
hypocalcaemia. moniliasis.
Natamycin Conjunctival chemosis,
hyperaemia.
Azoles
Ketoconazole
Fluconazole
Ttraconazole Temporary blurred vision,
ocular discomfort,
dry eye,
taste prevention.
Voriconazole Visual disturbances,
Drug interaction is common,
hepatic reactions.
Posaconazole
Econazole
Miconazole Mild burning and stinging
sensations,
Ocular irritation.
Echinocandins
Capsofungin
Micafungin
: ® Drug
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Figure 1: Delivery of Nanocarriers to Eye.
micelles remain in the systemic blood circulation longer and
deposited on affected tissues.”!
Microemulsion

Microemulsion is a novel ocular delivery system that disperses oil
and water along with a surfactant. microemulsion has the benefits
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Hydrogels

These are networks of cross-linked polymer chains that are
compatible with living tissues in the intraocular space.*
takes place through bonds
between polymer chains, whereas physical action happens

Chemical action covalent
due to hydrophobic, Vander-Waals and hydrogen force.
These bonds provide durability to the sustained-release agents
and keep up the concentration of the drug. For essential (natural)

polymer, polysaccharides for e.g., dextran, hyaluronic acid or
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chitosan seemed to be broadly utilized for hydrogel development.
Chitosan (cationic nanocarrier) interacts with anionic polymer to
develop hydrogels. These synthetic polymers poly ethylene glycol,
poly vinyl alcohol and PLGA are generally used to fabricate
hydrogels.”

Nanoparticles

Colloidal particles that range between 10 to 1000nm are known
as nanoparticles. They are widely used in electronic, optical,
biomedical, scientific research and pharmaceutical fields. In the
fields of pharmaceutics these colloidal dispersions are widely
used as delivery carrier system. According to the drug delivery
system, nanoparticles can be formulated using neutral and
synthetic polymers, lipids.

Advantages of nanoparticles drug delivery systems are:

«  High stability,

o  High carrier capacity,

o Can incorporate both lipophilic and hydrophilic substances,

« Can deliver the drug from various routes i.e., oral, ocular,
topical etc.

Although there are many more advantages of nanoparticle as
drug delivery system. But when the polymer and organic solvents
are used, they can affect toxicity and biocompatibility. Therefore,
the lipid nanoparticles have gained importance in recent years.
They are similar to polymeric nanoparticles in their ability related
to incorporation of drugs, but are formulated with lipids without
the use of organic solvents and these are biocompatible also.
Therefore, the chances of toxicity can be significantly decreased
using lipid nanoparticles.*

Lipid Nanoparticles (LNPs)

LNPs attracted a lot of attentions in the prior 1990s just after
the 1st generation Solid Lipid Nanoparticles (SLNs) were
developed. SLNs attracted a great deal of attentiveness globally,
various research batches began operations on them early on in
their discovery, and to this day SLNs have proven to be superior to
present traditional/conventional transporter such as liposomes,
emulsions and polymeric NPs.?”* Solid lipid nanoparticles are in
submicron range 50 to 1,000 nm, or proper choice of lipid and
surfactant influences long-time storage stability, particle size,
drug loading, and release behaviour.?*° Potential SLN-associated
issues like drug loading ability limitation, drug release changes,
and drug emission in storage are ignored or reduced with the use
of new generation Nano Structed Lipid Carriers (NLCs).*!

NANOSTRUCTED LIPID CARRIERS

NLC is the 2" generation of LNPs consists of a dual complex
of solid or liquid lipids, and the mean size ranges from 10 to
500 nm.*? Preferably, solid-lipid is combined with liquid-lipid
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within a proportion of 70:30 to 99.9:0.1. They include specific
nanostructures, resulting in improved drug loading and tighter
binding of the drug inside, extending shelf life. NLCs can be
administered to patients orally, topically, intravenously and
ocularly.” It also supports us to decrease the dose, toxic effects and
deliver the drug to target site. NLCs have extensive application
into health zone as these are alike to the body lipids.

A

Solid Liquid [ u
lipids lipids \\Nb
Benefits of NLCs

« Improved physical durability,

o  Easy manufacturing and scale-up,

o Improved solubility in aqueous media,

o High encapsulation of hydrophobic and hydrophilic agents,
o Dominated particle dimension (size),

« Efficacious transporter system especially for hydrophobic
drugs,

«  Prolonged drug release.

The tiny dimension of lipid particle makes sure nearby exposure
along with the stratum corneum, allowing delivery of drug to
mucous membranes or skin.

To overcome the limitations of various routes are first-pass
metabolism, low bioavailability and low solubility NLCs have
been fabricated.*

Limitations of NLCs

Even with the substantial capabilities of NLC in selected/targeted
drug delivery, it possesses some drawbacks such as:

o Cytotoxic results related to intercellular substance type and
concentration,

« Irritating effects of various surfactants,”

o Applications and efficiencies in the instance of peptide
and protein drugs and gene delivery systems need further
exploitation.

Types of NLCs

NLCs are divided into 3 types depending on distinction in their
lipid and oil conformation:

Journal of Young Pharmacists, Vol 15, Issue 3, Jul-Sep, 2023



Kumari, et al.: Review on Nanostructured Lipid Carriers for Ocular Delivery

Imperfect NLCs

The production of these NLCs need blending structurally different
lipids such as fatty acids and glycerides, resulting in defects in the
crystal sequence, which shows high drug pay load.

Amorphous NLCs

In this type of NLC, the lipids are mixed in this way that it
cannot solidify, producing a structureless amorphous kind
matrix. Certain lipids like Hydroxyctacosanyl hydroxy stearate
and isopropyl myristate are blended with solid lipids. According
to result, NLC in an amorphous form slightly than regular,
preventing elimination of the drug by B-modification throughout
its storage.

Multiple NLC

In general, the solid complex of various O/F/W types of
NLC includes dispersed nanoscale liquid oil sections, and
these nanoscale compartments increase drug solubility that
enhances the drug loading capacity.***” Preferably, such lipid
particles are suitable for consolidation of hydrophobic active
agents or hydrophilic active agents can only be comprised at short
concentrations. These complexes could be dissolved and prepared
to produce lipid and drug complex NPs, and they have a drug
loading of 30 to 50% for hydrophilic substances.

Components of NLCs

Various types of solid lipid, liquid lipid (synthetic or natural oils),
surface-active agent, cosurfactant and surface modifier utilized
in development of nanostructured lipid carriers are summarized
in Table 2.

Methods used for the fabrication of NLCs
Depending upon the energy desired these methods are divide in

3 major groups Figure 2.

High energy required approaches
HPH (High Pressure Homogenization)

This of the
technique due to its short manufacturing time, ease of scale-up

technique persists one most favourable
and no need for solvents compared to other techniques.*® These
techniques can be divided into hot high pressure homogenization

protocols and cold high-pressure homogenization conventions.*
High Shear Homogenization

This
in a molten complex of liquid and solid lipid. The heat utilized
have to be 10°C greater than the melting point of solid lipid to

method dissolves or disperses a lipophilic drug

form recrystallization more tough. An aqueous surface-active
agent’s solution at the uniform degree is flowed into the lipid
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portion or a pre-micro emulsion is prepared below action of
high-rate homogenizer.

Low energy required approaches

Micro-emulsion

Here, molten lipid is blended with a water-soluble aqueous phase
carrying surfactants or cosurfactants to formulate a water/oil and
oil/water emulsion, depending on every ratio implemented. The
transparent, heat stable micro-emulsions are later prepared that
is again dissolved in the cold hydrophilic portion to more reduce
the particle size and produce NLC. This technique is simple,
economical, suitable and reproducible for heat labile agents.
Also, no special equipment or energy is required to manufacture
Nanostructured Lipid Carriers (NLCs).***

Double Emulsification Technique

This technique is depended upon the solvent emulsification
evaporation method and is mainly utilized to produce LNP
filled with water soluble drugs. The molecule and stabilizer are
contained in the interior inorganic phase of the double (o/w/0)
emulsion. Because of the enhanced particle size than SLN, these
preparations are called lipospheres.

Phase-Inversion

Here, the drug, lipids, water, and surface-active agents are
thoroughly combined and warmed until more than the phase
inversion temperature of surface-active agents. In the time
of heating procedure, the surface-active agent is dried out,
changing its HLB and subsequently changing its similarity
for each portion. Upon rapid cooling (such as in an ice), the
surface-active agents become hydrophilic once more, let NLCs
to form small particles.*>** The benefits of this process are less
energy consumption and ignorance of organic solvents. Even
so, the NLC formed are less stable and may require multiple
temperature cycles.

Very less or no energy required approaches

Emulsification solvent evaporation technique

In this technique, the lipid or drug are dispersed into
a water insoluble organic solvents (such as dichloromethane or
chloroform) or homogenized in an aqueous
the

evaporated. The pre-emulsion formed is then processed through

portion

including a surface-active agent prior solvent is
sonication. The dispersion is then chilled to room temperature
to acquire an aqueous NLC dispersion. It is corelated along with
a quick or easy development procedure. On other side, it requires
the utilization of organic solvent and the resulting suspensions

thin as well as require again dispersion or ultrafiltration.*
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Table 2: Components of NLCs.

Solid lipids Stearic acid, compritol 888ATO, GMS etc.
Liquid lipids Oleic acid, olive oil, castor oil, turmeric oil,
corn oil, paraffin oil etc.

Emulsifiers Span 20, span 40, span 80, tween 20,

tween 80, poloxamer 188, poloxamer 407,
trehalose, soya lecithin etc.

Co-surfactants  Cremophor EL, solutol HS 15, polaxamine

908 etc.

Microemulsion double emulsification
Membrane contractor phase inversion

coacervation techniques

SS High pressure
.; / homogenization
.390 High shear

é§ homogenization
Fa
Emulsification solvent evaporation
Emulsification solvent diffusion
Solvent mjection
Super critical fluid

s
S
A\a
&
-
~

Figure 2: Methods of NLC Preparation.
Emulsification-Solvent-Diffusion Technique

It is alike to the solvent emulsification-evaporation process,
in which lipids are dispersed in a slightly hydrophilic
organic solvent like benzoyl alcohol. The oil/water emulsion is
mixed in water by continuous homogenizing and diffusion of
the organic solvent solidifies the dispersed medium to formulate
NLCs. A lipid crystallizes just as solvent disperses into the liquid
portion.

Characterization and evaluation of the NLC

Evaluation of nano systems is necessary for assessing quality

of prepared nanostructures and, inevitably, forin vivo
administrations. Characterizations of NLC are difficult due to
their small size, the rigid (complex) nature of the lipid involved,
and the dynamic nature of the instruments.*** Measurements of
particle size, zeta potential, surface charge, entrapment efficiency,
drug content and in vitro release is essential for assessing quality

and stability of NLC.

Particle Size, Size Distribution, and Zeta Potential

size-distribution
important impact the tangible
property, durability, and in vivo effects of NLC. Its size

Average dimension of particle and

were criterion  which
may compute using distinct approaches. DLS (Dynamic
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Light often employed to

calculate the dimension of nanostructures. Dynamic light

Scattering) is a technique
scattering is depended on Brownian motion of particle
in a vehicle in that potency of luminesce dispersed by the particle
is computed. Evaluation should be carried out in triplicate (to
verify accuracy) for each sample after appropriate dilution
is strained in deionized buffer and water. Poly Dispersity Index
(PDI) describes the size-distribution of the NLC or is depend
upon the back dispersed power potency of particles. A low poly
dispersity index value (<0.3) indicates uniformity of technique
or well-reasoned particles size-distribution, while a high poly
dispersity index value (> 0.5) indicates a wide size distribution.

Zeta potential weighs the potential difference between a particle.
This gives important details about the accumulation propensity
of NPs and their physical durability. In general, NLC with an
absolute and negate outer-surface charge are tangibly durable
because of electrodynamic aversion in linking neighbouring
imposed particles, reducing liability of the particles to aggregate.
NLC with zeta potentials more than +30 mV and less than +30
mV is predicted to have sufficient physical durability.

Morphology of NLCs

Various microscopy process is frequently used to find out
the morphology of nanocarriers, involving AFM (atomic
force microscopy), TEM (transmission electron microscopy), SEM
(scanning electron microscopy). TEM is often utilized to study the
morphology of NLC. In this process, droplets of adulterated
NLC suspension are settled on the carbon covered copper matrix,
tanned (e.g., phosphotungstic acid), or dried below ambient
conditions before imaging.

Determination of Encapsulation Efficiency

the
drug encapsulated in NLC and consequently reflects the

Encapsulation  proficiency  calculate percent  of
proficiency of nano system to encapsulate drug. Due to the
character of NLC, high encapsulation efficiency of hydrophobic
drugs was noticed owing to uniform fusion of a drug into lipid or
creation of an inflexible solid nub afterward refrigerating which
retard drain of encapsulated drugs. An encapsulation proficiency
may be computed by the first equation, at this point quantity of
drug into NLC was determined by analyser at an appropriate A
after adding a sufficient amount of organic solvent to rupture the

NLC and release the encapsulated drug.**

EE (%)= x 100
Incidental measurements of entrapment proficiency can furtherbe
performed in accordance with second equation, here, quantity of

the liberated drug in the filtrate following separation of entrapped
NLC suspensions are computed by analyser on proportional A__ .

EE (%)% 100
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In vitro release studies

In vitro liberation of drugs from NLC is generally examined by
employing dialysis techniques.***® Drug loaded NLC Immerse
in the dissolution medium and place in a constant temperature
homogenizer at 37°C. At fixed time gaps, sample is taken and
replaced with a uniform volume of new release vehicle to
keep sink states. Drug concentrations could be determined by
analyser at a suitable A or utilizing a justified HPLC
(high-performance liquid chromatography) technique opposed
to level of well-known concentration. Tests should be analysed
in triplicate or average quantity of drug liberation should
be graphed opposed to time. Especially, an uncharged liberated
drug mixture must be utilized as control under the alike practical
states. Liberation details may be analysed for investigation of
kinetics of the drug liberation by NLC.

Differential Scanning Calorimetry (DSC)

It is used to regulate the crystallinity and polymorphism of
mass solids, drugs or NPs through measuring the glass-transition
or the melting-temperature on the particular enthalpy.”
Around 10 mg of lipid, drug, and freeze dried NLCs were put
in a pinhole aluminium pan with base seal and lid and heated.
A vacant aluminium pan is utilized like a reference. DSC plots
were gained at a continuous level heating speed of 5°C/ min. in
unmixed dry nitrogen over temperature range 20°C to 80°C. The
inspection was replicated 3 times and the results are represented as
the average of 3 measurements. Ultimately, the enthalpy was

computed by employing the Mettler star software’s.>*

Wide-angle X-ray Diffraction (XRD)

Geometrical dispersion of emission from crystal planes in
a scatter of nanoparticles could estimate by X-ray diffraction
to identify crystallinity. An X-ray diffractometer (Philips,
Hamburg, Germany) along with radiographic copper anode (y =
1.5406 A) utilized to get the crystallinity of freeze-dried NLCs. A
powder sample of lipid, drug, and freeze dried NLC approximately
10 mm long was put on an X-ray plate and a voltage of 45 kV and
a current of 40 mA were applied on room temperature with a scan
rate of 5°C/min. or 20 scan order scale. An X-ray diffraction
pattern was gained in the order 20°C to 80°C.>**

Drug Release

Controlled liberation of drugs from NLC may lead to
increased half-life and delayed synthetic strike in the systemic
blood circulation. The nature release of drug from NLC depends
on the manufacturing temperature, the formulation of the
emulsifier, or the oil included in the lipid complex.*® The amount
of drug on nanoparticle shell and particle external surface is
liberated in bursts, while the drug include in the particle core is
liberated over a longer period of time. Delayed drug release can be
described by taking into consideration both the drug distribution
in the middle of lipid complex, water and obstacle as the role
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of interfacial film.”*® A dialysis technique or use of Franz cells
are measurement means for in vitro drug liberation from the
nanoparticles. Elucidation of in vitro drug release profile could
take into account the special circumstances of in vivo situation.
Synthetical humiliation of LNPs cans be affected to some level by
particle formation.

APPLICATIONS OF NLCIN OCULAR DELIVERY

Designing a novel delivery approach that can proficiently target
the infected ocular tissue, providing high drug levels, and
keep sustained with no or minimum side effects. One of the
encouraging approaches currently is the use of lipid-nanoparticle
carriers categorized by a submicron-meter dimension. Due to
their properties and various advantages, solid lipid nanoparticles
and nanostructure lipid carriers are promising systems for ocular
drug delivery.*

Advantages of NLCs as ocular drug delivery system

o High encapsulation efficiency,

«  High ocular permeation,

o Appropriate pharmacokinetic properties,

o  Sustained and controlled release of drug,

»  Enhancing drug corneal permeability,

«  Enhancing drug retention time,

«  Improving ocular bioavailability and distribution,
«  Preventing ocular toxicity,

o Good stability and biocompatibility.®

Ocular drug delivery has many drawbacks and remains
challenging due to specific physiological and anatomical features
of the eyes. Eyes are a very complex and delicate organ which
have numerous barriers. Novel drug delivery systems such as
SLNs and NLCs can overcome these barriers and enhance ocular
bioavailability. Lipid nanoparticles are capable of passing blood
ocular barrier, obtain sustained and controlled drug release,
protect drugs from enzymes degradations and improve the drug
deposition and residence time in eyes.®® Ophthalmic SLNs and
NLCs are characterized by improved local resistance and reduced
regulatory requirements through the utilization of physiologically
compatible lipid. More advantages involve its capability to
encapsulate hydrophobic drugs, shelter of unstable components,
and modification of release behaviour.® SLN has been utilized
for ophthalmic delivery for the previous several decennary.
Currently, numerous studies by using NLC as an ophthalmic
delivery system have become familiar. NLC has been utilized for
ophthalmic delivery of certain substances such as amphotericin B
or ciprofloxacin. NLCs loaded with triamcinolone acetonide
improved ocular BA, enhanced drug residence time on the ocular
space, and decrease precorneal leakage due to sustained release
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of drug through the delivery system.>*>% It is a fact that SLN and
NLC increase the contact time between the drug and the eye
surface, enhancing corneal penetration. NLCs have a wide variety
of pharmaceutical applications, including hypertension, diabetes,
Parkinsonism, epilepsy, hyperlipidaemia, alopecia,
hormone deficiency, topical inflammation, ocular, hepatic, and
fungal diseases.®*

cancer,

Effective management of ophthalmic disease is still a challenging
task due to the many ocular conditions located in front of and
behind the eye. A number of ocular delivery methods, such as
topical, intraocular, periocular or in combination with ocular
devices, are used to deliver the drug to its targeting site. To
reduce duration and drug use, side effect, and to improve ocular
retention time, drug penetration, and ocular bioavailability
nanotechnologies were used. This technology increased the
effectiveness of drug and showed good biocompatibility,
indicating that will be widely used in the management of eye
infections.®®

Recent Studies on NLCs

Some attributes of SLNs and NLCs make them interesting
delivery system for eyes. These carriers are often applied topically
to the eye. Cavalli ef al. evolved a SLN system of tobramycin for
topical delivery to eye. In vivo testing has shown sustained release
of drug over a period of 6 hr in contrast to short duration from
uniform dose of eye drops.

In study of Attama et al. they have prepared lipid nanoparticles
of diclofenac sodium in combination with phospholipids with
hot high pressure homogenization technology. By coating the
surface of nanoparticles with phospholipids, the permeability of
diclofenac sodium through the cornea isimproved, demonstrating
the functionality of this structure for ocular use.”’

Araujo et al., Developed triamcinolone acetonide-loaded NLC
from high pressure homogenization technique using Precirol
ATOS5 (solid lipid) and squalene (liquid lipid) respectively, and
Lutrol F68 (surfactant) for ocular applications. The analysis
proved that drug was mostly entrapped into the NLC, which is
characterized by an amorphous matrix. In addition, the in vivo
Draize test showed any symptoms of eye toxicity.®®

In a recent ophthalmic study of Zhang et al., genistein-loaded
NLCs were prepared using a melt emulsification technique. The
prepared genistein loaded Eudragit modified NLC showed a
longer precorneal clearance compared to bare NLC and increased
AUC by 1.22 times. The modification of eudragit also improve the
corneal permeability. Draize and cytotoxicity tests confirmed that
NLC produced no toxicity to ocular corneal cells.

E Gonzalez-Mira et al. prepared flurbiprofen loaded NLCs by
high pressure homogenization method and taken the optimum
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quantities of lipids to obtain desired particle size, drug loading
and entrapment efficiency in ocular tissues. The finally optimized
Flurbiprofen loaded NLCs did not shown any irritation, so
become a promising efficient drug delivery system tent to provide
controlled release. Additionally long-term stability studies of
NLCs were also performed due to their thermodynamic nature.”

Ocular infections can damage the eye surface with possible visual
impairments and blindness. Ciprofloxacin (CIP) ocular solution
is prescribed as first-line therapy in ocular bacterial infections.
Natamycin (NT) ocular suspension is used for antifungal therapy.
Nanostructured Lipid Carriers (NLCs) have been widely examined
for ocular penetration enhancement and distribution to deeper
ocular tissues. The objective of the current study was to prepare
NLCs loaded with a combination of CIP and NT (CIP-NT-NLCs)
and loaded them in an in situ gelling system (CIP-NT-NLCs-1G).
The results suggest that this dual nanoparticulate based in situ
gelling drug delivery system can serve as a promising carrier for
treatment of topical ocular infections.”

OTHER APPLICATIONS

NLCs in cancer chemotherapy

Over the past two to three years, many chemotherapeutic drugs
have been encapsulated or incorporated into NLCs, and there in
vivo and in vitro effects have been evaluated. The results of these
studies have been shown to reduce side effects, increase potency,
improve drug stability, and improve pharmacokinetics, making
them tools for clinical use. Some of the problems commonly
encountered with antibodies, such as tissue toxicity, poor quality
and stability, can be partially overcome by using NLCs for

delivery.>7*

NLC in delivery of protein and peptide

Lipid nanoparticles and lipid microparticles such as NLC and
SLN are other carriers for the treatment of proteins, peptides
and antigens.”” Many studies in this field have shown that they
can bind both hydrophilic and lipophilic proteins under certain
conditions. It can be used by various routes such as parenteral,
oral, nasal and pulmonary.’® These transporters stabilize the
protein, prevent proteolytic degradation, and provide sustained
release of the encapsulated drug. Peptides such as cyclosporine
A, insulin, calcitonin, and somatostatin are included in lipid
products and are currently under evaluation.

NLCin CNS targeting

The small size of NLC (less than 50 nm) can be useful for
pharmaceutical applications. Small size tends to significantly
reduce health caused by reticuloendothelial diseases. NLCs can
also be used for medicinal purposes. NLC can improve the ability
of drugs to enter the blood-brain barrier and is a promising
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drug targeting system for the treatment of organ diseases. The
advantages of using NLCs over polymeric nanoparticles are:
lower cytotoxicity, higher drug loading and better efficiency.”

NLC in cosmetics and dermatologic preparations

LNPs are considered the next drug delivery system after
liposomes. The treatment of dermatological diseases appears
to be more effective as there is less risk of side effects, but the
stratum corneum inhibits the penetration of xenobiotics into
the skin. Microparticle delivery systems can improve dermal
penetration.””® Because of the abundance of epidermal lipids
present in the permeability barrier, it seems promising that lipid
transporters will attach themselves to the skin and allow lipid
exchange between the stratum corneum and the carrier from the
outer layer. In addition to liposomes, Solid Lipid Nanoparticles
(SLNs) and Nanostructured Lipid Carriers (NLCs) have also been
extensively studied. After evaporation of water from the lipid
nano dispersion applied to the skin surface, the lipid particles
form a sticky layer that closes the skin.

CONCLUSION

As aforementioned, pervasiveness of ophthalmic fungal infection
has enhanced recently. Yet, traditional topical delivery system
normally performs poorly in treating these infections because of
problems associated with delivery of drug to the eye. Therefore,
these drug delivery systems need frequent dosing, lengthy
courses of treatment, which are not safe, and not readily accepted
by patients. Recently, researchers' attention has turned to
the development of NDDS. In this current pharmaceutical
world of analysis and evaluation, various modern nanoscale
delivery systems are being investigated both in the industrial
or laboratory scale significantly. Targeting drugs to the eyes
using ocular route is even now an inconvenient task due to
the formulation limitations and the composite physiological,
anatomical and various obstacles that exist in ophthalmic cells.
Lipid nanoparticles revealed exceptional ophthalmic permeation
nature and penetration-improving abilities. NLC is the modern
and new-generation of lipid NP formulations, with versatility in
drug loading, transformation of its release profiles, and enhanced
pharmaceutical action. That specific properties of NLC are
assigned to their distinctive formation, which is the combination
of solid lipid or liquid lipids. A few specific benefits of these
nanocarrier are diminished drug payload, improved patient
compliance, decreased drug toxicity, inexpensive high-scale
production, biodegradability and biocompatibility of their
components, easy to manufacture, or chemical durability of the
pharmaceutical agents found them more optimistic or close to

great all rounded nano sized carriers into their generations.
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