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Abstract : Nanostructured Lipid Carriers (NLC3) are advanced drug delivery 3y3tem3s designed to overcome the
limitation3 of conventional drug delivery methods, including poor 3olubility, in3tability, and inefficient
bioavailability. NLC3 are 3econd-generation lipid nanoparticle3, compo3ed of a blend of 3olid and liquid lipid3
stabilized by 3urfactant3. Thi3 unique composition enables the formation of a matrix with increaszed drug loading
capacity, enhanced 3tability, and controlled drug release propertie3. The biocompatibility and biodegradability of
lipid3 uzed in NLC3 make them a promising carrier for a wide range of therapeutic agents, including hydrophilic
and hydrophobic drugs, peptides, and even genetic material3. Their 3mall particle 3ize, typically in the nanometer
range, facilitate3s improved penetration acro33 biological membranes, allowing for targeted and sustained drug
delivery. NLC3 alzo offer advantages in protecting 3ensitive drugs from degradation and reducing adverse 3ide
effects. Recent advancement3 have demonstrated the versatility of NLC3 in various applications, including oral,
topical, tranzdermal, pulmonary and parenteral drug delivery. Additionally, NLC3 have 3zhown potential in
addressing challenges in cancer therapy, central nervous 3y3tem dizorder3, and antimicrobial treatment3. Emerging
research emphasizes their role in enhancing bioavailability and patient compliance, particularly in challenging
therapeutic 3cenarios. Thi3 review explore3 the structure, preparation techniques, advantages, and application3 of
NLC3 in modern pharmaceutical 3ciences, highlighting their role a3 a novel and efficient drug delivery tool with
significant potential to revolutionize personalized medicine and therapeutic outcome.

IndexTerm3 — NLC , nanoparticles , 30lid lipid nanoparticle3

I. Introduction

Lipid nanoparticle3 can be divided into two clas3es: 30lid lipid nanoparticle3 (SLN) and nanostructured lipid carrier3
(NLC). Reszearch on SLN and NLC during the pa3st 20 year3 haz mostly concentrated on non-dermal methods of
pharmacological administration, 3uch a3 parenteral perioral, ocular, and pulmonary administration.” SLN and NLC
have been the 3ubject of much research for dermal application during the past five year3 because to the numerous
benefit3

that have been reported following 3kin application. The lipid matrix, tiny particle 3ize, and a33ociated adhesive
qualities all contribute to the extended residence period of SLN and NLC on the 3kin. “ Further development of thi3
first-generation lipid nanocarrier 3y3tem allowed for the delivery of drug3 via many route3 of administration for the
treatment of physiological problem3.[3] After researcher3 noticed 3everal drawbacks with SLN3, Muller developed a
novel lipid carrier in 1999/2000 that he called nano3tructured lipid carrier3 (NLC3).[4]OiI-in-water nano-emulsions are
the 3ource of nanostructured lipid carrier3 (NLC3), a nanoparticulate carrier 3ystem. Lipid, emulzifying agent3, and
water are it3 main constituent3. At room temperature, the lipid phasze comprize3 both liquid (oil) and 3olid (fat)
lipid3.[5] The formulation bazed on NLC3 i3 justified by the fact that the medication di33olves in oil and
simultaneously encap3sulate3 in 3olid lipid, resulting in a controlled releaze of the drug and a greater loading
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capacity. Reduced polymorphic transition, low crystalline index, higher encap3ulation efficiency, drug loading,
physical 3tability, improved chemical 3tability, bioavailability, and controlled releaze of encapsulated component3

are some of the benefits of NLC3."” The 3econd generation of lipid-based nanoparticle3, known a3 nanostructured
lipid carriers (NLC), were created at the 3tart of the new millennium. NLC i3 produced by 3ubstituting a liquid lipid
for a portion of the 3olid lipid uzed in the SLN formulation. Thi3 reduces the ordered structure of the lipid matrix and
introduces flaws that are required to

minimize drug expulsion during 3torage. Like the SLN, nanostructured lipid carrier3 are 3y3tem3 with a 3olid lipid
matrix at body temperature. When liquid lipid i3 added to the lipid core of nanostructured lipid carrier3, the
crystalline arrangement i3 3everely di3rupted.m Compared to emulsion3, NLC3 can effectively immobilize
medication3 and have a 3o0lid matrix that keeps the

particle3s from clumping together. Furthermore, the 3olid phase 3ignificantly reduces the mobility of the drug
molecule3 that are integrated. In contrast to SLN3, the liquid oil droplet3 in the 30lid matrix alzo boost the drug
loading capacity.[sl Thiz review i3 centered on NLC formulation3 and aims to (i) highlight the main obstacles to
overcome in drug delivery when using lipid nanoparticle3 (LP) and

(ii) provide a comprehensive overview of the recently developed uze3 of NLC formulations a3 drug delivery 3y3tems

by variou3 administration routes' .Over the last few years, lipid- bazed drug delivery 3y3tems have been created to
addres3 the i33ue3 of different medication3' low bioavailability and delivering them to precize location3 for
pharmacological activity. In order to

reduce toxicity and increase efficacy, nanoparticle3 were uszed to transport the medication to the desired 3ite of
action."” The main component3 of NLC3, liquid and 3olid lipid3, 3hould ideally be chemically 3table,
biocompatible, biodegradable, and free of harmful conzequences. Because it directly affects drug entrapment and
NLC loading efficiency, the 3olubility of the drug in the lipids i3 typically taken into consideration when choo3sing
lipids for NLC formulation.”” The main component3 of NLC3, liquid and 3olid lipids, 3hould ideally be chemically
stable, biocompatible, biodegradable, and free of harmful conzequences. Because it directly affects drug entrapment
and

NLC loading efficiency, the 3olubility of the drug in the lipids i3 typically taken into consideration when choo3zing
lipidsz for NLC formulation.” Introduced in 1991, 3o0lid lipid nanoparticle3 (SLN) are 3pherical particle3 with an
average diameter in the nanometer range. They are made up of a 3olid lipid matrix core that has the ability to
3olubilize lypophillic medicines. Phy3iologically acceptable

surfactant3 and cosurfactant3, 3uch a3 poly3sorbates, polyoxyethylene ethers, phospholipids, bile 3alt3, and others,
stabilize the lipid core at concentration3 ranging from0.5%t05%." The lipid nanoparticles are the perfect delivery
vehicles 3ince they are made of lipid3 that are comparable to physiological one3 and have a number of benefits. Lipid
nanoparticle3 of the 3econd generation

are called nanostructured lipid carrier3(NLC3). In contrast to 3olid lipid nanoparticle3 (SLN), NLC i3 created by
carefully combining 3olid lipids with liquid lipid3 that are s3patially incompatible. Thi3 create3 unique
nanostructures that have better qualitie3 for drug loading and stable drug incorporation over time."" The lipid
particles known a3 SLN® are 3olid bo that room temperature and at body temperature. For example, Dynazan 112
or other lipid3 like Compritol 888 ATO or Imwitor 900 are made entirely of 30lid lipids.[ls] Particle aggregation
during storage i3 another i33ue with the SLN. Aggregation occur3 because prekinetic flocculation might re3ult from
the low viscosity diffusion of individual drug particles. NLC, on the other hand, are extremely concentrated

vizcous dizpersion3 in which the particles form "pearl-like networks." They are stationary and immune to collizion
and prekinetic flocculation. Additionally, the blood network i3 broken during dilution with GIT fluids, leading to the
production of 3ingle nanoparticle3.[161 Utilizing physiological lipids, avoiding organic 3olvents, and being 3uitable for
large-3cale 3ynthesis are the benefits of

SLN3. SLN3 are effective drug delivery vehicle3 that can enhance bioavailability, 3hield delicate medication3 from
harsh conditions, and regulate dru%—relea3e propertie3.[l7] Raman mapping alzo looked into the distribution of various
chemical component3 in NLC3."" SLN and NLC are becoming more and more popular a3 alternatives to other
nanocarrier3 3uch a3 liposomes, nanoemulsion3, and polymeric nanoparticle3, and not just for pulmonary
applicati0n3.[lg] At the

moment, dermal creams and coszmetics that areintegrated with NLC3 are 30ld.""NLC3 have

distinct propertie3 and are made by combining liquid and 3olid lipids to create le33 organized 3tructures that provide
a firmer inclusion of the drug molecule3 in the matrix during the course of the 3helf life."" Drug delivery u3sing
hydrogel formulation3 based on nanostructured lipid carrier3: A thorough review Low toxicity and 3trong in vivo
tolerance are two benefitz of SLN, which are

colloidal carriers made of lipids that are 3olid at ambient temperature and have a structure 3ubstantially comparable
to physiological lipid3.[21] NLC3 po3zze33 lower melting point due to their oil content, while maintaining their
particulate character and being 30lid at body temperature, greater degree of drug loading, reduced burst release of
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drug and better control of drug release.”” In contrast to polymeric nanoparticle3, SLN3 have more benefit3 for drug
delivery 3y3tems, including good tolerability because they use physiological lipids. Their primary difference i3 that
30lid lipids are all that are needed to prepare SLN3, wherea3 liquid lipids are combined with 30lid lipids to prepare

NLCs, giving the 3y3tem3 greater flexibility and 3tability A mixture of 30lid and liquid lipids, which i3 al3o 30lid
at body temperature, i3 used to create the particles in the 3econd generation of nanostructured lipid carriers (NLC)

technology.m] Becausze of the 3olid lipid's crystalline 3tructure, SLN are characterized by unexpected gelation
tendencies, burst drug releases, limited drug loading capacities, and drug expulsion during 3torage a3 a re3ult of lipid
25

crystal3' polymorphic metamorphos3is.

II. BACKGROUND ON DRUG DELIVERY SYSTEM OVERVIEW OF CONVENTIONAL DRUG
DELIVERY SYSTEM

Oral route

Because of it3 many benefits, including patient compliance, cost-effectiveness, and easze of administration, the oral
drug administration route i3 con3idered the most widely accepted method for administering medication3 and offers a
valuable alternative for treating a number of fatal illne3ses. Additionally, it i3 3trongly favored for long-term use of

medication3 like anti-tumor, anti diabetic, and antihyperten3sive drug3.[11]A|th0ugh the oral route i3 the mo3t practical
way to administer drugs, it i3 3usceptible to bioavailability i33ue3 caused by the physiology of the Gl tract a3 well a3
the consequences of first-paz3 metabolizam and biotranzformation. NLC i3 becoming a popular drug delivery
technology that can administer hydrophilic medication3 orally with high loading capacity in addition to controlled

releaze.”” In recent years, there has been a growing interest in NLC3 for oral medication administration. When NLC3

are administered orally, increased bioavailability and extended plazma level3 are reported . Mixing drugsz with
food or water i3 the most 3traightforward way to deliver them. Thi3 i3 not feasible, though, when the material

irritate3 the gastrointestinal 3y3tem muco3sa or i3 in3oluble, unpleasant, or chemically unstable in drinking water.”” It
i3 feasible to provide SLN orally a3 an aqueous di3persion or, alternatively, a3 conventional do3age forms 3uch

tablets, pellet3, cap3ules, or powders in sachets.”” The most common method of administering drugs i3 orally.[zg] The
primary benefits of oral delivery include 3y3temic delivery, pre-establizhed do3zages, and the ease of patient 3elf-

administration, all of which are combined into a 3ingle tablet or capaule.[sol Oral administration of certain drugz on
. . W . . : L 9 .
an empty 3tomach improves absorptlon[ ].De3p1te using various lipid excipients, oral delivery of drug- loaded NLC

demonstrated a comparable increase in bioavailability for medicine3 that were weakly water 3oluble. . Poorly
water-3oluble medication3 present a difficulty for oral drug delivery since their low aqueous 3olubility limit3 the
pace at which many 3ubstance3 can be abzorbed. Drug delivery methods based on lipids have demonstrated
significant promize in enhancing oral bioavailability. In many animal model3, the possibility of 3olid lipid

formulation3 for the oral delivery of medication3 that are poorly 3oluble in water ha3 been examined.” It i3
important to remember that drugz might be metabolized by the digestive tract's microflora's enzyme3 when u3ing
oral administration routes. Microorganizm3 are only found in the large intestine under physiological condition3, and
typically, thiz type of enzymatic metabolizm only applie3 to 3ub3stances that have not yet been ab3orbed in the upper
tract. Thiz indicates that the drawback of oral delivery i3 that chemical3 may be changed by the enzymatic activity of

microbes prior to their absorption in the gut.m] Oral delivery i3 the most popular and commonly accepted method of
drug delivery among the 3everal routes 3ince it i3 3imple for patient3 to administer .The GI tract's overall absorptive
surface area i3 increased to 30-400 m2 by the extremely abzorbent human intestinal epithelium, which i3 made up of
villi. However, because of it3 distinct 3tructure and physiology, intestinal epithelium may have an impact on
medication absorption. Additionally, presystemic hepatic metabolisam affects oral delivery a3z well. A3 a result,

many medication3 may be difficult to reach therapeutic levels through the Gl tract.”” Oral administration i3 regarded
a3 one of the most patient-acceptable administration technique3. Approximately 60% of medication3 are
administered orally. Oral administration often consist3 of tablets, cap3ules, pill3, etc., which can be hard for patient3
who have trouble 3wallowing or who need medication but refuse to take it orally because of behavioral problems
brought on by medical or p3ychological illness.” Aqueous dizpersion or more conventional dose forms a3 pills,
pellets, capsules, or powders in 3achet3 can be uszed for oral delivery of SLN.* with good patient compliance
worldwide, oral delivery i3 the mo3t widely uzed noninvasive drug application method. It i3 po33ible to admini3ter
SLN and NLC orally a3 dizperzions or by combining them with a dosage form like tablets, pellets, or cap3ule3.[34]
For oral delivery, NLC can take u3ze of all the benefit3 a33ociated with lipid nanoparticles. It i3 possible to increaze
drug loading and improve drug incluzion in comparizon to the other 3ystems. Traditional dozage forms3 that the

patient i3 familiar with, 3uch a3 tablets, cap3ules, or pellet3, can be proce3sed more easily using NLC.™

Sublingual route
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The layer of epithelial cell membrane in the sublingual mucosa i3 just 100-200umthick, compared to the buccal
muco3a. Because the 3ublingual muco3sa has a larger blood 3upply than the buccal membrane, abszorption following
sublingual administration can occur more qUICkly[ 7 For the systemic and local administration of 30me
medication3, the 3ublingual route i3 the recommended method. Because of it3 plentiful vascular 3upply, quick on3zet
of action, enhanced bioavailability, avoidance of hepatic first-pa33 metabolizm, dietary effect, better patient
compliance, and ease of 3elf-medication, thi3 route i3 beneficial for oral medication3. Compared to taking medication,
it offers a number of clear benefits. Sublingual medication delivery has been uzed in numerous novel drug delivery
3y3tems that have been 3uccessfully releazed onto the market in recent years. The permeability of the 3ublingual
membrane, the physicochemical characteristic3 of the medication, and the dosage form design all affect 3ublingual
drug administration and 3ubsequent ab30rpt10n Analge3lc3 like morphine, bronchodilators like fenoterol,
antihypertensive pharmaceutical3 like nifedipine, and antianginal drug3 like nitrite3 and nitrate3 are a few examples
of medications that are given thiz way. It i3 al3o possible to inject 3pecific peptides, like oxytocin, and 3teroids, like
estradiol. G. Prochlorperazme dimaleate  {PRO}, apomorphine, fentanyl citrate, and
hydrazmehydrochlorlde Bypa331ng first-paz3 metabolism, 3ublingual medication administration enable3 dlrect
absorption into the 3ystemic circulation, leading to a rapid beginning of action and increased bloavallablllty

Steroid3, 3ome barbiturate3, enzyme3, and cardiova3cular medication3 are among the medication3 that are

administered 3ublingually. The administration of numerou3s vitamin3 and mineral3, which are dizcovered to be
easily and completely ab3orbed by thi3 approach, hasz been a burgeoning field. Drugz administered by thiz method
include bronchodilators like fenoterol, analgesic3 like morphine, antihypertensives like nifedipine, and antianginal3
like nitrites and nitrates." Among the many benefit3 of a 3ublingual drug delivery 3y3tem are it3 ease of uze for
patients including children, elderly, and

p3ychiatric patient3—who are unable to 3wallow tablets. It i3 po33ible to achieve a comparatively quick onset of effect
in contrast to the oral route. The mouth cavity's broad contact area help3 en3zure that drugs are absorbed quickly and
thoroughly. The intermediate gastrointestinal tract's pH and digestive enzyme3 prevent the liver from being damaged
and alzo 3hield the medication from deterioration. The technology offers quick dizintegration or di33olution in the
oral cavity.

Among it3 many drawbacks are that it i3 not well adapted for sustained delivery 3ystems; medication cannot be
administered through this route when a patient i3 asleep or uncooperative. "}

Naszal drug delivery

The pharmaceutical industry has been very interested in using the nasal cavity a3 a drug delivery channel over the
past ten years, partlcularly for 3ystemically acting medication3 that are challenging to provide through methods other
than |nJect|on “! The nasal 3eptum, a central bone and cartilage partition, divides the naszal caV1ty into two
symmetrical half. The nazopharynx connect3 each 3ide to the mouth, while the nostril3 open at the face."”

ADVANTAGES OF NASAL DRUG DELIVERY SYSTEMS

R Self-medication i3 made easier by ea3y accessibility and needle-free drug application without the
need for trained personnel, which improves patient compliance when compared to parenteral routes; 2) Good
penetration of low molecular weight drugs, particularly |IpOPhI|IC ones, through the naszal mucosa; for example,
fentanyl's ab3olute na3al bioavailability i3 approximately 80% ; 3) Rapid ab3orption and fast onzet of action due to
relatively large absorption 3urface and high vascularization; therefore, the Tmax of fentanyl after naszal
administration wa3 le33 than or equal to 7 minute3, comparable to intravenous [i. v] ¥ Nasal administration of an
appropriate drug would therefore be effective in emergency therapy a3 an alternative to parenteral administration
routes3; 4) Avoiding the harsh environmental condition3 in the gastrointestinal tract (chemical and enzymatic
degradation of drug3) 'Nasal administration i3 an alternative route for i increasing the bioavailability of active
agent3 that are unstable in the GI tract and/or have absorption problems due to their large molecule 3ize. Nasal
mucosa i3 highly permeable and intensely vascularized, which together lead to fast drug absorption and a rapid
onzet of action. Drug3 administered through the intranasal route avoid enzymatic degradation in the Gl tract and
bypas3 the hepatic first pass effect. The nasal route has been used extensively for a number of years for the local
treatment of nasal dizeases through the administration of corticosteroids, decongestants, and antihizstamines.”” Nazal
administration i3 an alternative route for increasing bioavailability of active agents, which are unstable in the Gl tract
and/or have absorption problems due to their large molecule 3ize. Na3zal mucosa i3 highly permeable and intenzely
vascularized, which together lead to fast drug absorption and a rapid onset of action. Drugs adm1n13tered through
intranasal route avoid enzymatic degradation in the Gl tract and bypa33 the hepatic first pa3s3 effect.”” The potential
to access the brain through the nose without having to pass through the blood-brain barrier (BBB) ha3 drawn more
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attention recently, particularly in an effort to better treat dizorders of the central nervous 3y3tem (CNS 3uch a3
multiple 3clerosis, epilep3y, Alzheimer's dizease, Parkinzon's dizease, and gliomas, among others. /406\] na3zal
medication delivery 3y3tem called "Na3zya Karma" i3 used to treat 31 distinct 3y3temic and local illne33e3.  These
days, the most typical uses for intranazal medication application are to relieve nasal congestion, cure local
inflammation, and treat allergic and common rhiniti3. Glucocorticoid3, decongestant3, and antihistamine3 are
examples of frequently uzed active chemicals that are present in nasal 3prays and drop3 worldwide. Because of the
physical characteristic3 of the nose, 3uch a3 the nazal muco3a's 3trong blood circulation, nasal drug administration ha3
the enormous3 benefit of rapid drug abzorption, which produces a rapid local effect.””

Ocular drug delivery

Pharmaceutical technology researchers continue to face difficultie3 with ocular drug delivery becausze of the
physiological and anatomical feature3 of the eye. Due to the unique anatomical and physiological features of the
eye, a complex organ with various defensive barriers that can be overcome to reach intraocular ti3sues, ocular

medication administration i3 still difficult.”
Introduction to need of novel drug delivery 3y3tems

The creation of innovative drug delivery 3y3stem3 (NDDS) for herbal medication3 ha3 received a lot of interest in
recent decades. Two requirement3 3hould preferably be met by the innovative carriers. First and foremost, over the
course Of therapy, it should administer the medication at a pace determined by the body'3 requirements. Second, it
ought to transport the herbal medication's active ingredient to the place of action.”” There are numerous carriers with
advantages over those based on the types of new drug delivery systems (NDDS). The firat pa33 effect, fluctuating
plasma drug levels, high dose and low availability, and rapid release of pharmaceutical3 are all characteristicz of
classic dosage form3 By: product shelf life, patient compliance, performance, and protection. Three NDDS will
le3zen the i33ue3 . Among the many advantages of novel drug delivery 3ystems (NDDS) are enhanced therapy by
extending the duration and effectivene33 of drug activity, improved targeting for a particular 3ite to minimize
undesirable 3ide effects, and

increased patient compliance through fewer doze3 and more convenient administration methods.”

Emergence of NLC3

BASIC CONCEPT AND DEFINATION OF NLC
NLC was3 created in order to addres33 the shortcoming3 of SLN. They are regarded a3 lipid nanoparticles of the

3econd generationm.The foundation of NLC formulation i3 the idea of adding a medicine to a mixture of different
proportions of liquid and 3olid lipid. To get over the restriction3

brought on by the crystallinity of the SLN3 core, NLC3 were created to have a 3olidified core and le33 or no
crystalline matrix."” Furthermore, it i3 feasible to include both lipophilic and hydrophilic medicine3 into NLCs3.
Additionally, they can deliver medications to the 3ite of action and offer continuous release.” 'NLC3 made of lipids,
both liquid and 3olid. A flawles3 crystalline 3tructure i3 deviated to produce a crystal lattice with many voids when
liquid lipids (oil) are incorporated into 30lid lipid3, causing 3tructural defects.”'In general, 30lid and liquid lipids,
water, and emul3ifiers make up NLC3" .Lipids, water, and emulsifier3 are the three main component3 of NLCs3.
NLC3 include both liquid and 3olid lipid3 to build the inner cores.”” Oil-in-water nano-emulsions are the source of
nanostructured lipid carriers (NLC3), a nanoparticulate carrier 3ystem. Lipid, emulsifying agent3, and water are it3
main constituent3. Both liquid (oil) and 3olid (fat) lipids are present in the lipid phase at room temperature. Since the
drug diz3olves in oil and 3simultaneously encap3ulates in 30lid lipid, the formulation bazed on NLC3 aims3 to produce
particle3 with an oil integrated into the 3olid lipid core, which re3ult3 in a greater loading capacity and controlled

drug release.” The primary technique for preparing NLC i3 high pre33ure homogenizationm].NLC:s are colloidal

structure3 made up of an unstructured lipid matrix and a core that contain3 a mixture of liquid and 3olid lipidg.[sal
There are already over 40 NLC product3 on the co3meticz market, and NLC for nutritional and pharmacological

application3 i3 being developed[54].AIthough the NLC i3 a more intelligent 3ystem, the SLN it3elf i3 a reliable
technology[ssl.The usual particle 3ize of NLC i3 between 150 and 250 nm."” Retinol was the first substance created

in NLC."" NLC3 include at least one liquid lipid in addition to 3olid lipid, unlike SLN3. By partially replacing 3olid
lipid3 with liquid lipid pro motes, the apolar nucleuz became more structurally dizorganized, which promoted the
encap3ulation of nonpolar medication3 and inhibited their ejection. Numerou3 re3earch group3 have examined NLC
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a3 a viable drug delivery technology due to it3 great tolerability and capacity to integrate large quantities of
lipophilic medicines” " .For some active chemical3, NLC ha3s a higher drug load potential than SLN, and it prevents or
reduces probable ejection during 3t0rage.[58] When given through a new drug delivery 3y3tem, standardized plant
extract3 or mostly polar phytoconstituent3 3uch a3 flavonoids, terpenoids, tannin3, and xanthone3 exhibit a
conziderably 3uperior abzorption profile that allows them to pa33 acros3s the biological membrane, leading to
increased bioavailability. Therefore, compared to a traditional plant extract or phytomolecule, a greater quantity of
the active ingredient i3 present at the site of action (liver, brain, heart, kidney, etc.) at a comparable or lower doze. A3
a re3ult, the therapeutic effect i3 improved, more noticeable, and last3 longer. With NDDS, a number of 3uperior
phytoconstituent3 have been effectively provided. Therefore, there i3 a lot of promise for creating innovative

. . . Lo . [59] -
medicine delivery methods uzing plant extract3 and active ingredients.  Compared to other lipid 3y3tems, 3uch a3
emulsion3, which need large amount3 of 3urfactant3 and cosurfactan3, NLC3 have low toxicity, which i3 a
significant advantage. Furthermore, NLC production and sterilization are le33 complicated and costly than other
3ystems; for example, lipozomal formulation sterilization i3 challenging because phospholipids are 3ensitive to heat
and radiation, their production i3 expensive, and achieving batch-to-batch reproducibility and large-3cale

manufacturing i3 challenging and co3tly.[60]The lipid blend in NLC ha3 a low crystallinity index and a slower
polymorphic tranzition. An O/W nanoemulsion i3 the 3ource of the nanoparticulate carrier 3y3tem known a3 NLC.

.. . . . . . . [61]
Lipid, 3urface active agent, and water are the main component3 of NLC, 3ame like in nano- and micro-emulzions.

Why lipid nanoparticle3?

Lipid nanoparticles can help in reaching 3ome of the mo3st important goal3 in drug therapy. Lipid- bazed
nanoparticle formulation3 influence the oral absorption of active ingredients via various mechanizms, 3uch a3
modifying the release of active ingredient3, improving their bioavailability, changing the composition and hence the
character of the intestinal environment, stimulating the lymphatic tran3port of active ingredients, interacting with
enterocyte-based tran3 port processes and reducing unwanted drug 3ide effect.”” Lipid nanoparticle3 (LN) constitute
promiszing nano3scale 3y3tems that have recently raized high interest for drug and gene targeting and controlled
delivery. They present a3 main advantage3, 3mall and controllable 3ize, biocompatibility, biodegradability,
physicochemical 3tability, cost-effectivene3s and 3olvent-free production method 3uitable for high-3cale
manufacturing. Furthermore, derived from their structure, they confer chemical protection of incorporated drugs
while their surface can be easily functionalized.”” In recent decades, lipid nanoparticles have received 3pecial
attention due to their advantage3 of compatibility with the skin, ability to enhance penetration of drugs in the
stratum corneum, protection of the encapsulated 3ubstance again3t degradation induced by the external medium, and
control of drug releaBe.[GG]OWing to lipid biocompatibility and versatility, lipid nanoparticle3 (LNP3) showed many
advantage3z over polymeric nanoparticle3, and have been widely uzed for drug and active delivery.m One
fundamental advantage of LNP3 with regard to other lipid colloidal drug delivery 3ystems (liposomes, niozomes,
etc.) and to nanoemulsions, i3 their great kinetic 3tability and rigid morphology. Nanoparticle3 can be divided into
two main familie3: nano3pheres, which have a homogeneous 3tructure in the whole particle, and nanocapsules,
which exhibit a typical core-3hell structure. . Main advantages of lipid carrier3 over other traditional drug carrier3
are good biocompatibility, lower cytotoxicity, good production 3calability, the modulation of drug release, the
avoidance of organic matrix, the payload for active compounds i3 increazed and expulzion of the compound during
storage i3 avoided. NLC3 can be produced by HPH and the proce3s can be modified to yield lipid particle
dizpersion3 with 3olid content3 from 30 to 80%."” Lipid nanoparticles (LNP3) are a 3afe vehicle for drug delivery,
made of physiological or physiologically related 1ipid3.[69] Nanoparticle3 and nanomaterial3 are increasingly being
explored for their potential application3 in medicine. One of the most promizing area3 of application i3 drug
delivery, where nanoparticle3 can be used a3 carrier3 to deliver drugs to 3pecific cell3 or tiz3ues in the body. "I LNPs
can improve the bioavailability of lipophilic drugz owing to their hydrophobic internal and hydrophilic 3urface
structures, excellent biodegradability, and low toxicity, which can overcome the limitations of conventional
DDS3." It beginz in the late 19503 with the discovery by Saunder3 and Thomas1 and Bangham and Horne2 that
simple hydration of dry lipid film coated on a glas3 3urface produces 3pherical vesicles or liposomes. Thi3 basic
observation not only enabled the exploration of lipid—drug and lipid—protein interaction3, but it 3purred the
development of lipozomes and lipid nanoparticle3 a3 drug carrier3 to enhance therapeutic benefits.”” Optimized lipid
nanoparticle dizpersion3 proved to be physically 3table for at least 3 years.m]
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WHY LIPID NANOPARTICLES?
Better control over release kinetic3 of encap3ulated compound.

Engineering via 3ize and lipid compos3ition.

Melting can 3erve a3 trigger.

Enhanced bioavailability of entrapped bioactive.

Chemical protection of labile incorporated compounds.
Much easier to manufacture than biopolymeric nanoparticle.
No 3pecial 3olvent3 required.

Wider range of baze materials (lipid3).

Conventional emulzion manufacturing methods applicable.
Raw material3 e33ential the 3ame a3 in emul3ions.

Very high long-term stability.

Application verzatility:

S e e e e o o oo o °©o °o o o

Can be 3ubjected to commercial sterilization procedures.
. . [1]
Can be freeze-dried to produce powdered formulation.

* Lipid nanoparticles are becoming an emerging tool for lipid-based 3ubstances delivery across epithelial barriers.

ADVANTAGES LIPID CARRIER 1. targeted releaze and management of pharmaceuticals. 2. Excellent treatment
and high consistency (in comparizon to other carrier3). 3. The majority of lipid3 are biocompatible, and SLN3 are
biologically degradable. 4. The ease of handling hydrophilic and lipophilic material3. 5. Increase the 3ecurity of
prescription drugs. 6. Easier oversight and enforcement of compliance.m?. Systems centered on liquids (avoid
organic 3olvents). 8. Le33 costly than polymer3s, making it more acces3ible.
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Types of Nanostructured Lipid Carrier3
Depending on the production method and composzition, three types of NLC have been proposed (Muller et al.,
2002b).

1.  Imperfect type

These typesz of NLC generally have imperfections in the lipid matrix to accommodate drug in molecular form and
amorphous clusters. Imperfect lipid crystal3 are formed by judiciously using chemically different lipid molecules to
form the matrix, e.g., using 3olid lipids or liquid lipids.

Because of the difference in their structure, they cannot fit together very well leading to more imperfections in the
crystal lattice leaving enough 3pace to accommodate the drug, thus leading to improved entrapment efficiency and

higher drug loading capacity.[le] These NLC3 are produced

by the mixing of 3olid lipid3 and chemically vary different liquid lipid3.To increa3e the drug loading capacity,
glycerides composed of different fatty acids are uzed. Because of the distance in the fatty acid chain leads to the
formation of imperfections in the crystal. The imperfection3 are there 3ult of the incompatibility between lipid3 and
intentionally utilized for the achievement of higher loading capacity, hence thus make3 important to choose
incompatible lipidz.lsz] In the imperfect type, lipid crystallization i3 altered by 3mall amount3 of oil3, while in the
amorphous3 type, the lipid matrix i3 30lid but not cry3talline.[60]

2. Amorphous3 type

The lipid matrix of thiz type of NLC i3 30lid, devoid of crystallinity, and i3 in the amorphous 3tate. They are
produced on mixing 3olid lipid and liquid lipid in 3uch a combination that the particles 3olidify upon cooling but do
not recrystallize, thus remaining in the amorphous 3tate. The rea3on that they do not have crystalline matrix, no drug
expulsion takes place after crystallization to 3table 3 form."” The crystallization proces3 leads to the expulzion of
drugs and therefore NLC3 which are 3olid are preferred over crystalline one with the use of 3pecial lipids (hydroxyl
octacozanylhydroxy-3tearate, i3opropyl myristate) by which particle acquires 30lid 3tate rather than cry3ta11ine.[52]

3. Multiple O/F/W type

For many drugs, liquid lipid3 normally 3show considerably higher 3olubility than 3olid lipid3. Thi3 fact led to the
development of multiple O/F/W type of lipid nanoparticles characterized by the prezence of tiny nanocompartments
of oil in the 30lid matrix. Thi3 controlled nanostructure re3ult3 on mixing a 3olid lipid with a higher amount of liquid
oil. The liquid needs to be chosen 30 that the melted 3olid lipid and liquid lipid are miscible at the production
temperature of the lipid particles.

Nanocompartments are formed when the liquid i3 used in 3uch a high concentration that i3 well above it3 3olubility
in the 3olid lipid at room temperature. Theze NLC enable high incorporation capacity due to liquid lipid, which
3olubilize3 the drug to a much higher extent and control of drug releaze due to encap3ulating 30lid lipid particle3
matrix. Lipid—lipid precipitation technique i3 one

of the techniques that can be employed to create tiny oily droplet3 within a nanoparticle .

Multiple NLC3 are prepared by mixing 3olid lipid3 with large amount of oil (liquid lipid3), 3mall nano compartments
within nanoparticles are created by a phase 3eparation proces3 during particles production. The 3olid matrix of the
lipid nanoparticle3 contain3 tiny liquid nano compartment3 of oil. In these oil compartment3 the drug has high
3olubility. The oil
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compartment3 formed are surrounded by 3olid lipid3 and hence controlled drug releaze wa3 observed.”” The third
type of NLC i3 a multiple 3y3tem, being comparable to w/o/w emulzions. In thi3 case it i3 an oil-in-30lid lipid-in-water
dizpersion. The 3olid lipid matrix contain3 tiny liquid oil

nanocompartment3 .Thiz NLC type u3e3 the fact that for a number of drugs, the 3olubility in oil3 i3 higher than their
3olubility in 30lid 1ipid3.ml n the multiple type, the 3olid lipid matrix contains tiny oil compartments. The compo3ition
and structure of NLC3 allow a high drug load; the formation of a le33 ordered lipid matrix lowers the burst effect,

. . . . [60]
improves the release properties and, al3o, increases the 3tability upon 3torage.

Fat

Holes

Oll nano.compartments

a) Imperfect type NLC b) Amorphous type NLC C) Multiple type NLC

NLC AND SLN =NLC V3 SLN

NLC3 are improved SLN3 in which the lipid phase i3 contained of both 30lid (fat) and liquid (oil) lipid3 that form a
matrix. " NLC had higher entrapment in comparizon to SLN due to the presence of high oil content in NLC when
3ame amount of drug was loaded into it. In caze of SLN3, 30lid lipid wa3 weighed in an amber glas3 colored bottle
and heated at 75 C to melt the lipid. In caze of NLC3, 30lid and liquid lipid3 were first put together in an amber
colored gla33 bottle and then heated at 75 C with continuous s3tirring t0 homogeneously mix the lipids.[m
Nanostructured lipid carriers (NLC3) have been developed to overcome the limitation3 of SLN. NLC have been
explored for dermal delivery in cosmeticz and dermatological preparations Nanostructured lipid carrier (NLC), a
new generation of 3olid lipid nanoparticle3 (SLN), was developed in early 19903; now it i3 a good alternative carrier
of traditional colloidal controlled release drug delivery 3y3tem.m] NLC3 would be able to overcome limitation3
azzociated with the SLN 3uch a3 lower drug/nutraceutical loading efficiency, loading capacity, and more
encap3ulant leakage during storage time due to their imperfect crystal lattice and their lipid comp03ition.[80]The SLN
and NLC were developed by hot homogenization followed by ultrazonicaton. “IBoth the SLN and NLC are attractive
carrier3 for topical cosmetic and pharmaceutical products. They po33es3 the potential to develop a3 the new gene
ration of carrier 3ystems after the liposomes.[sz] Drug delivery to the posterior 3egment of ocular tizsue3 was in
vestigated by formulating and characterizing indomethacin loaded SLN3 and NLC3. Bazed on the parameters like
drug loading, % entrapment efficiency and ocular tizsue

(R 28 netration of drug NLC formulation wa3 considered a3 a 3uitable lipid carrier a3 compared to SLN.

Propertiez of SLN and NLC required from a colloidal drug delivery 3ystem include: SLN and NLC are acceptable
by regulatory authorities around the world. Constituent3 used for SLN and NLC have GRAS status (Generally
Recognized A3 Safe) due to their low toxicity. They are composed of high melting point short- and middle-length
chain triglycerides, phospholipid3, and waxe3 used in pharmaceutical3 and cosmetics (CFR—Code of Federal
Regulation3 Title 21—FDA). They can be produced uzing 3urfactant3 at much lower concentration3 compared to
microemulsion3. A SLN di3persion containing a lipophilic phase compo3zed of a maximum 30% 3olid lipid i3
generally 3tabilized by the addition of 3urfactants up to 5%. 453 15.2 Type3 of SLN and NLC They are 3afe
3y3tem3 even for long time circulation in the body due to their low toxicity. SLN and NLC may have a wide potential
application 3pectrum 3uch a3 intravenous, per oral, dermal, and topical. They are 3uita6’ble 3ystems for large-3cale
production by HPH technique, which has been uszed in the food industry for many years. HPH method provides
convenient, fast, and cost-effective production for SLN and NLC with excellent reproducibility. Use of organic
3olvent3 i3 not required in their production by HPH and a few method3s 3uch a3 membrane contactor technique,
ultrazonication, and high-shear homogenization. They are chemically and physically 3table 3y3tems for up to two
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year3. They are 3table again3t moist heat 3terilization 3uch a3 autoclaving. In the case of production below 0.22 pm
particle 3ize, they can be sterilized by membrane filtration. Additionally,
they can be safely lyophilized.””

PRODUCTION PROCESSES FORNLC =

1.  High-Shear Homogenization and Ultrazound

High-3hear homogenization and ultrazound were initially used for the production of lipid nanodizper3ion3. Both
methods are widespread and easy to handle. However, in many cases, bimodal 3ize distribution3 are obtained with
one population in the micrometer range. In addition, metal contamination ha3s to be considered if ultrazound i3
uzed."Ahlin et al. uzed a rotor-stator homogenizer to produce SLN/NLC by melt-emulsification. They investigated
the influence of different process parameters including emulsification time, stirring rate, and cooling condition3 on the
particle 3ize and the zeta potential. In mos3t ca3es, average particle 3ize3 in the range of 100 to 200 nm were obtained
u3in%]3tirring rate3 of 20,000 to 25,000 rpm for 8 to 10 min and controlled cooling with a 3tirring rate of 5,000
rpm.

2. Film-ultrazonication method

Thiz method i3 adopted from the preparation methods of vesicular drug delivery 3ystems. Lipid3 and drug are
dizzolved in an organic 3olvent preferably in ethanol. Aqueous phase i3 prepared by di33olving a 3urfactant in water
and thiz i3 kept at elevated temperature. Thi3 phase i3 maintained at elevated temperature with stirring to obtain
proper blend of drug-lipid3. Organic phase i3 removed by applying vacuum using rotary evaporator. Thiz will tend
to form a thin film of drug- lipid blend which i3 collected and disper3ed in heated aqueous phase under 3onication.
This dizpersion i3 cooled at room temperature to obtained dispersed 3olidified NLC3."”

3. Solvent diffuzion method

Solvent diffusion method can be employed a3 an alternate production method for producing NLC under mild
conditions.”” The NLC obtained by HPH technique generally 3how burst releaze of drug. High temperature and high
surfactant concentration are believed to be the main reazon. The high homogenization pre33ure may cause
coalescence of particle3. Thi3 method, comparable to the production of nanoparticle3 with 3ynthetic polymers, i3
easy. It i3 ea3y and doe3 not require any 3pecial equipment. First, the lipid phaze (mixture of 3olid lipid and liquid
phase) and the drug are di33olved into the organic phase at 50°C. The re3ultant organic 3olution i3 then dizperzed
quickly into the acidic aqueou3s 3olution containing di3per3ing agent (e.g., polyvinyl alcohol) under mechanical
agitation. After adjusting the pH value of the acidic aqueous phase to 1.2 by the addition of 0.1 M hydrochloric acid
to form aggregation of nanoparticles, the entire dispersed 3y3tem i3 then centrifuged at high 3peed and resuzpended
in distilled water. The resultant dizpersion finally dried by lyophilization. Recently, NLC for clobeta3ol propionate
developed by Hu et al. (2006) were prepared by thiz method in an acidic aqueous 3y3tem u3ing mono3tearin (30lid
lipid) and caprylic/capric triglycerides (quﬁuid material). However, a major dizadvantage of this

method i3 the need to uze organic solvent."

4.  Solvent emulsification evaporation method
Thiz name i3 used interchangeably with above method i.e. diffusion. In thiz method in3tead of uzing water miscible
organic 3olvent, water immiscible organic 3olvents 3uch a3 chloroform, cyclohexane, etc. are used to diz3olve drug

and lipids.[lg] Use of organic 3olvents i3 the prime limitation of 3olvent diffusion and evaporation method a3 3ome
traces of it may remain in the formulation.”

5.  Cold homogenization method

A3 the name 3uggests that the temperature used in the whole proces3 i3 lower than that uzed in a hot homogenization
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proces3 which ultimately rule out dizadvantage that may be produced due to heat. The mixture of the lipids with the
drug i3 rapidly cooled by the utilization of liquid nitrogen. The lipid matrixe3 obtained are milled and then the
particles are dispersed in the emulsifier 3olution and 3ubsequently homogenized to produce fine particle. Various
advantages of thiz process over the hot homogenization process are: 1. Thermal degradation i3 minimized.2.
Improved drug entrapment efficiency 3.Uniform distribution of drug within the Iipid.[%] In

comparizon to the hot homogenization method, larger particle 3ize3 and a broader 3ize distribution are observed in
cold homogenized method. Although cold homogenization minimize3 the thermal exposure of the zample, but it
cannot be completely avoidable a3 melting of the lipid/ drug mixture i3 required in the initial 3tep.[52]

Application of NLC3 in drug industry & drug delivery

Recent pharmaceutical application of NLC3 encompas3e3 various condition3 like hypertension, diabetes,
Parkin3oni3m, epilep3y, hyperlipidemia, cancer, alopecia, hormone deficiency, topical inflammation, ocular, hepatic,
and fungal dizea3ses. It al3o ha3 broad application3 in nutraceutical and functional foods.”"NLC3 can be used in a
wide variety of drug delivery 3y3tems 3uch a3 oral drug delivery 3y3tem, tran3dermal drug delivery 3y3tem, injection
drug delivery 3ystem, and gene tranzfection. Zhuang and Chen 3tudied NLC a3 a carrier for oral administration.
They prepared in3oluble drugs or one3 that were easily damaged by digestive enzymes 3uch a3 antibiotic3 and
enzyme3 for oral administration. The particles can be absorbed through the lymphatic 3y3tem.

The controlled-releazed particles can slow down drug degradation and elimination, thereby enhancing the
bioavailability of dmg3.[88] Puglia and Junyaprazert investigated a carrier for tranzdermal delivery 3ystems. NLC

wa3s 3imilar to SLN: it3 3mall particle 3ize can form a thin film on the 3kin, 30 that drug3 entrapped in NLC avoid
chemical decomposition. Meanwhile, NLC control3 drug release, protects the 3kin, and prevents 3kin atrophy from

repeatedly taking the medication.” Joshi researched the injection drug delivery 3y3tem and showed that NLC made
into a colloidal 3olution or freeze-dried powder can be used for intravenou3 injection to achieve 3ustained releaze
and prolong the residence time of the drug in the circulatory 3y3tem or target 3ite[9°].Zhang revealed that NLC could
be used a3 a tranzfer gene carrier, generally divided into two categories: viral vectors and non-viral vectors. The viral
vector can efficiently transport genes, but the carrier immunogenicity, tumorigenicity, limited amount of transport
DNA, and higher cost3 restrict it3 application. However, the NLC i3 a non-viral vector, 30 it cannot only overcome the
above 3hortcoming3 of viral vectors, but al3o can be 3terilized and freeze-dried a3 a result of the high

3tability.[gl]A recently discovered area of applications i3 the combined u3ze of iontophoresiz and

NLC in improving 3kin penetration parameter3. There have been 3everal reports in the literature describing the role
of iontophoresis in enhancing the transport of hydrophilic, low molecular weight molecules across the 3kin. The first
report regarding the uze of NLC a3 vehicles for transdermal iontophoretic drug delivery ha3s been given by Liu et al.
(2005).[16]Cancer Chemotherapy The role of NLC in cancer chemotherapy i3 always 3een and the workforce i3
stre33ful. It i3 planned for nanostructured lipid carriers to be more efficient and reliable and to protect cytotoxic
anticancer compounds. ZER'3 anti-proliferative function in NLC has not been impaired.m] Food technology -Food
and cosmetic3 industry i3 now-a-days replacing several 3yn thetic excipient3 with natural ones. Antimicrobial agent
menthol having low 3tability and in3olubility problem3 wa3 formulated a3 NLC which 3howed enhanced
antimicrobial activity again3t gram positive bacteria” . An antioxidant, lycopene was added for food fortification in
the form of NLCs3 in order to improve it3 3olubility and 3tability[94].C03metic3 and cozmeceutical3 -A3 lipid3 are
re3ponsible for 3kin hydration and moisturization, lipid nanocarrier 3y3tem i3 a promising approach for cosmetics
purposes. The effect of incorporation and the concentration of propylene glycol and lecithin were investigated on the
skin hydration, surface occluzion and transepithelial water 1033 which showed pos3itive effect3[95].Inve3tigator3 were
developed argan oil bazed NLC3 and incorporated it into hydrogel for dermal therapy which improved 3kin
hydration. Argan oil NLC3 can be used for incorporation of other API3 for 3ynergistic effect3 in tran3dermal
application.[%] For the manufacture of cosmetic3 with active ingredient3 3uch a3 prolonged perfume release, lipid
nanoparticle3 SLN and NLC may be used. Incorporating topical product3 and controlling release3 uzing NLC i3
much more robust. In fact, the development of pest repellent3 wa3 summarized.” Cardiovascular treatment -Lipid
nanoparticle3 have 3uperioritie3 a3 a carrier network , mainly prolonged diffusion time3 and increased under the
curve region (AUC), with a controlled bursting effect. NLC3 will have highly appealing physical-chemical
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characteristic3 a3 a delivery 3y3tem for lipophilic product3.[92]

Current & Future Developments

Over the past decade, the number of 3tudie3 describing formulations based on nanostructured lipid carrier3 has rizen
exponentially. The increase in the development of NLC3 i3 majorly attributable to the surpassed barrier3 within the
scientific formulation phase of lipid bazed nanoparticle3 and improved awarene33 of the fundamental transport
mechanizam3 of NLC3 through various route3 of administration. Due to it3 rapid ab3orption, bio-acceptability, and
biodegradability, NLC i3 identified a3 a key drug delivery strategy without any alteration to the therapeutic agent.
The influence of 3uch delivery 3y3tems i3 3teadily expanding and therefore has optimistic prospects for the future. It i3
indeed e33ential to further explore their application and effectivenes3 in food and pharmaceuticals. .

Concluszion

A major development in drug delivery 3y3tems, nanostructured lipid carriers (NLC3) provide a flexible and efficient
answer to a number of problems with traditional drug administration technique3. NLC3 offer a 3pecial matrix
structure that improves drug loading capacity, stability, and bioavailability by fusing liquid and 3olid lipids.
Improved permeability, targeted distribution, and 3u3stained releaze are made po33ible by their nanoscale 3ize, which
guarantee3 effective therapeutic results while reducing adverse conszequence3. NLC3' capacity to transport a wide
variety of pharmaceutical3, including a3 peptide3, genetic material3, and hydrophilic and hydrophobic medications,
i3 further highlighted by their biocompatibility and biodegradability. Their usefulne3s acro3z3 multiple therapeutic
disciplines i3 demonstrated by their use in a variety of administration routes, including oral, topical, tranzdermal,
parenteral, and pulmonary. NLC3 are a game-changing tool in contemporary medicine because they have
demonstrated remarkable promise in treating difficult medical i33ue3 like cancer treatment, problems of the central
nervous 3y3tem, and antibiotic resistance. Regulatory approval, long-term stability, and large-3cale production
continue to be obstacle3 despite their many benefits. To get over these restrictions and improve the structure and
operation of NLC3, more re3earch and technical developments are e33ential.
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