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Abstract: Nanostructured lipid carriers (NLCs) are a nano-particulate carrier system consisting of solid
lipids, liquid lipids, emulsifying agents, and water. NLCs have gained continuous significance in recent
times and have displayed tremendous drug delivery benefits against conventional dosage compositions.
NLCs have significant prospects in the pharmaceutical and food industries. Its pharmaceutical
application represents a wide spectrum of conditions such as hypertension, diabetes, Parkinsonism,
epilepsy, hyperlipidemia, cancer, alopecia, hormone deficiency, topical inflammation, ocular, hepatic,
and fungal diseases. This review briefly describes nanostructured lipid carriers in terms of their
production techniques, characterization, recent advancements in pharmaceutical applications, and
functional food delivery. This study also presented a review of recent patents based on nanostructured
lipid carriers.
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1. Introduction

Nanostructured lipid carriers (NLCs) are a nano-particulate carrier system derived from
oil-in-water type nano-emulsions. Its key ingredients are lipid, emulsifying agents, and water.
The lipid phase contains both solid (fat) and liquid (oil) lipids at room temperature. The
rationale of NLCs based formulation is to manufacture particles in which the oil is integrated
into solid lipid core, leading to superior loading capacity and controlled drug release since the
drug dissolves in oil and concurrently encapsulates in solid lipid. The advantages of NLCs
include reduced polymorphic transition, little crystalline index, enhanced encapsulation
efficiency, drug loading, physical stability, improved chemical stability, bioavailability, and
the controlled release of encapsulated components [1-6]. The low bioavailability of many drugs
and functional foods is indeed a major concern that needs to be addressed in an attempt to
achieve successful treatment. Therefore, there is a demand to synthesize a medication carrier
system that removes such issues. Nowadays, several nanocarriers have been gradually explored
to enhance therapeutic effectiveness and sustained characteristics of drug release while
addressing issues like low solubility and poor bioavailability. Possible reasons for low
bioavailability are given in Figure 1 [7-14]. Nevertheless, these nanocarrier systems must be
toxic-free, possess a sufficient medication loading capacity, and potential drug targeting and
controlled release features. In recent times, nanostructured lipid carriers (NLC) are
continuously gaining significance and have demonstrated numerous benefits in drug delivery
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over traditional dosage formulations [15-18]. The lipids used for the production of NLC are
typically biocompatible and biodegradable lipids with minimal toxicity [19]. The NLC matrix
contains a combination of liquid and solid lipids that renders the matrix quite imperfect to hold
additional drug molecules. NLC matrix exists as solid at room or body temperature by
monitoring of liquid lipid content. Owing to a solid matrix, NLCs will more effectively
incapacitate drugs that prevent the entity from coalescing. NLCs have low toxicity,
biodegradation, drug safety, slow-release, and the removal of organic solvents during
manufacturing [15, 19-22].
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Figure 1. Reasons for low oral drug bioavailability.

NLCs have important prospects in the pharmaceutics and food industries. Its
pharmaceutical application covers a wide range of disorders like hypertension, diabetes,
Parkinsonism, epilepsy, hyperlipidemia, cancer, alopecia, hormone imbalance, topical
inflammation, ocular, hepatic, and fungal diseases. This review briefly explains nanostructured
lipid carriers concerning their production techniques, characterization techniques, recent
application, and patents in pharmaceuticals and food delivery.

2. Production Techniques of Nanostructured Lipid Carriers

Several techniques for the production of NLC are given in Figure 2. Solvent-
emulsification evaporation/diffusion and double-emulsion techniques are some of the usually
preferred methodologies for manufacturing NLCs [23].

2.1. Solvent-emulsification evaporation technique.

This involves the dissolution of drug and solid and liquid lipids in water-immiscible organic
solvents like cyclohexane and chloroform. This organic phase is dispersed into an aqueous
phase containing emulsifiers to produce an o/w emulsion, which is followed by solvent
evaporation under vacuum leading to the production of NLC due to precipitation of lipids in
aqueous conditions (Figure 3).
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Figure 2. Production methodologies utilized for the production of nanostructured lipid carriers.

The advantages of this technique include avoidance of thermal stress, nevertheless, the
utilization of organic solvent is a drawback [15, 24, 25].

2.2. Solvent-emulsification diffusion technique.

In this technique, the lipids and drug are dissolved in a water-saturated solvent, which
is emulsified in a solution of emulsifier in solvent-saturated water phase using a homogenizer
to create o/w emulsion, which is further diluted with an excess of the aqueous phase, which
causes organic solvent diffusion from emulsion droplets to aqueous phase leading to the
production of NLC (Figure 3). The solvent removal could be through ultra-filtration or freeze-
drying. The solvent diffusion is a relatively preferred versatile technique as the employed
solvents have a higher safety profile [15, 24, 25].
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Figure 3. Schematic illustration for solvent-emulsification and solvent-diffusion evaporation techniques utilized
for the production of nanostructured lipid carriers.

2.3. Double emulsion technique.

This approach is being used specifically to develop NLC of hydrophilic drugs to
conquer the difficulty of hydrophilic moiety escape in the aqueous phase. An aqueous drug
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solution is transferred in molten lipid, subsequently dispersed into the aqueous emulsifier
solution with sonication to produce w/o/w type double emulsion. Ultimately, NLCs will be
collected through solvent evaporation and ultra-filtration (Figure 4) [15, 24, 25].
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Figure 4. Schematic representation for double emulsion technique utilized for the production of nanostructured

lipid carriers.

2.4. Membrane contactor technique.

It involves the melting of lipids beyond their melting point, which is filled into a
pressurized container. Lipid melt is passed via a ceramic porous membrane to create tiny
droplets. The aqueous solution passes tangentially inside the membrane under constant
agitation, which pushes aside droplets produced at the pore's outlets. Cooling of formulation to
ambient temperature tends to the production of NLC (Figure 5). This innovative technique's
advantages are the industrial flexibility and monitoring of particle diameter through appropriate

configured dimensions [15, 24,

25].
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Figure 5. Schematic representation of membrane contractor technique utilized for the production of
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3. Characterization Techniques for Nanostructured Lipid Carriers

NLCs are characterized for particle size, zeta potential, morphology, entrapment
efficiency, loading capacity, crystallinity or polymorphism, surface tension measurement, and
additional colloidal structures [15]. This is necessary to ensure their efficiency, quality, and
reliability. Several physicochemical characteristics of NLC, evaluation techniques, and their
key features are described in Table 1.

Table 1. Techniques utilized for the characterization of nanostructured lipid carriers.

Parameter Technique Key features Ref.
Particle size | o Photon correlation spectroscopy Polydispersity index is a measure of [26-29]
measurement o Laser diffractometer particle homogeneity
o Field flow fractionation, dynamic | (Range 0-1)
ultra-microscopy
o Ultrasonic spectroscopy
o  Cryogenic transmission electron
microscopy analysis
o  Electro-acoustic mobility
spectroscopy
Zeta potential o Laser Doppler electrophoresis <-30 mV or > +30 mV [30]
NLC morphology o Transmission and  scanning | Dimensional and [31-33]
electron microscopy structural characterization
o  Atomic force microscopy
o Photon correlation spectroscopy
Entrapment o  Ultrafiltration-centrifugation Determines encapsulated drug quantity [27, 34]
efficiency method followed by
spectrophotometer
Loading capacity o Ultrafiltration-centrifugation Quotient between entrapped drug to total [27, 34]
method followed by | lipid weight
spectrophotometer
Crystallinity/ o Differential scanning calorimetry | Investigate crystallinity or polymorphic [27, 35]
polymorphism o X-ray diffraction structural changes
Surface tension | o ‘Platinum-Wilhelmy’ plate | Measure surface tension of NLC [36]
measurement technique
o  Contact angle determination
o  Kibron instrument
o Du Noiy ring
Evaluation of | o  Magnetic resonance investigation | Used to judge mobility [37, 38]
additional colloidal | o Negative staining Give three-dimensional projections
structures o  Electron spin resonance Direct as well as a non-invasive
assessment of spin-probe distribution
among lipid and aqueous
o  Raman spectroscopy Trace structural and chemical alterations
in vibrational transition

4. Recent Application of Nanostructured Lipid Carriers in Pharmaceuticals and
Functional Food

Recent pharmaceutical application of NLCSs encompasses various conditions like
hypertension, diabetes, Parkinsonism, epilepsy, hyperlipidemia, cancer, alopecia, hormone
deficiency, topical inflammation, ocular, hepatic, and fungal diseases. It also has broad
applications in nutraceutical and functional foods. Hypertension is a severe medical disorder
that dramatically increases the incidence of heart, brain, kidney, and other diseases. It is
reported that one in six people globally, or almost one billion, would be influenced by
hypertension, and this estimate is anticipated to expand to 1.5 million by the year 2025 [39].
Hypertension, in particular, is a considerable cardiovascular risk factor, and its incidence in
diabetes mellitus would be raised. Diabetes mellitus is a category of metabolic disorders arising
from insulin deficiency, insulin resistance, or sometimes both leading to chronic hyperglycemia
with abnormal carbohydrate, fat, and protein metabolism [40]. Diabetes is affecting an

https://biointerfaceresearch.com/ 642


https://doi.org/10.33263/BRIAC121.638652
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.638652

estimated 30.3 million communities in the United States, while hypertension is reported at 73.6
percent of individuals aged 18 years or older [41, 42]. NLCs based drug delivery systems could
effectively improve the therapeutic efficacy of medications utilized to treat such fatal disorders
and other disease conditions. The recent progression in the application of NLCs in the field of
pharmaceuticals and food delivery is described in Table 2.

Table 2. Application of nanostructured lipid carriers in the delivery of functional food and pharmaceuticals.

Drug | Purpose | Excipients | Technique | Ref.
Hypertension
Lercanidipine Calcium channel | Glyceryl monostearate, | Ultra-sonication and [43]
hydrochloride blocker for oral | Stearic acid, Beeswax, | emulsion
delivery in | Carnauba wax, Labrafil M | evaporation
hypertension 2130, Compritol ATO888,
Gelucire  44/14,  Gelucire
50/13, Span 80, Tween 80,
Lutrol®F68
Carvedilol B- adrenoceptor | Gelucire, Cetyl palmitate, | Probe sonication [44]
blocker  for  oral | Compritol 888, Tripalmitin,
delivery in | Linseed oil, Tween 80
hypertension
Sildenafil Citrate Non-selective Precirol, Beeswax, Stearic | Modified melt [45]
vasodilating  action | acid emulsification
pulmonary  arterial | Polyvinyl alcohol
hypertension
Isradipine Oral delivery for | Glyceryl monostearate, | Solvent evaporation [46]
hypertension Glycerol distearate, | and probe sonication
Polyethylene glycol-8
beeswax, PEG-75 stearate,
Emulcire 61, Labrafac TM
WL1349, Capryol 90,
Macrogol 15 hydroxy stearate,
Olive oil, Soyabean oil, Oleic
acid, Tween 80
Diabetes
Berberine Hypoglycemic Pol Precirol® ATO5, Tween | Hot Melt [47]
80, Oleic acid homogenization
Glibenclamide Anti-diabetic Carbopol 934,  Glyceryl | Emulsion-solvent [48]
monostearate, Tween 80, | diffusion
Triethanolamine evaporation
Insulin Anti-diabetic Methocel A15C, Methocel | Solvent-evaporation [49]
A4M, Soya lecithin, Tween 80
Multiple disorders of central/peripheral nervous systems and peripheral organs
Rimonabant Intranasal delivery of | Polyethylene oxide- | Melt and ultra- [50]
Cannabinoid polypropylene oxide- | sonication
antagonist polyethylene oxide block
copolymer, Tristearin,
Poloxamer 188, Miglyol 812
N, Caprylic/Capric
triglycerides, Polysorbate 80
Bromocriptine Anti-parkinsonism Lutrol F 68, Rylo MG 19, | Ultra-sonication [51]
Miglyol 812, Pluronic F127,
glyceryl monooleate,
Poloxamer 188,
Ttriethanolamineoleate,
Capric triglycerides
Carbamazepine Antiepileptic drug Myristylmyristate Crodamo® | Melt-emulsification [52]
and ultra-sonication
Hyperlipidemia
Atorvastatin Calcium | HMG CoA enzyme | Poloxamer 188, Stearic acid, | High-pressure [53]
inhibitor/ Oleic acid, Tween-80, | homogenization
Hypolipidemic Labrafac, Glyceryl-
monostearate,  Cutina P,
Casein, L-Cysteine,
Groundnut oil, Precirol ATO
5, Compritol ~ 888ATO,
Gelucire 44/14, Linseed oil,
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Drug

Purpose

Excipients

Technique

Ref.

Caprylocaproyl
glyceride

macrogol-8-

Simvastatin

Hypolipidemic

Glycerol monostearate, Oleic
acid, Poloxamer 407

Solvent injection

[54]

Cancer

Tripertine

Anticancer

Soybean oil,
Lecithin,  Sodium
Glycerylmonooleate

Soybean
oleate,

Solvent-diffusion

[55]

Turmeric powder

Anticancer and anti-
inflammatory

Medium-chain triglyceride oil,
Glycerol monostearate, Tween
80

Ultra-sonication

[56]

Etoposide

Chemo-therapeutic
agent

Glyceryl monostearate,
Monostearin
distearoylphosphatidyl-
ethanolamine,  Polyethylene
glycol 40 Stearate, Soybean

oil, Soya lecithin

Low-temperature
solidification

[57]

Paclitaxel

Lung cancer

Stearic acid, Oleic acid,
Mannitol, Tween 80, Tween
20, Tween 40

Ultra-sonication

(58]

Ocular disease

Curcumin

Topical delivery in
ocular fundus
pathologies

Compritol® 888 ATO,
Carboxymethyl chitosan,
Amphipathic 20 octadecyl-
quaternized  carboxymethyl
chitosan, Hydroxypropyl
chitosan, Glycerin
monostearate, Stearic acid,
Tristearin,  Miglyol 812,
Miglyol® 840, Tween 80,
Labrasol®, Gelucire® 44/14,
Transcutol® P, Transcutol HP

Film-ultrasonic

[59]

Ibuprofen

Anti-inflammatory
for ocular drug
delivery

Compritol ATO 888, Gelucire
44/14, Miglyol 812,
Stearylamine, Transcutol

Melted-ultrasonic

[60]

Flurbiprofen

Anti-inflammatory
for  ocular  drug
delivery

Compritol 888 ATO, Gelucire
44/14, Miglyol 812N, Solutol
HS-15, Chitosan
oligosaccharides

Melt-ultrasonic

[61]

Triamcinolone
acetonide

Corticosteroid as an
anti-inflammatory for
ocular drug delivery

Ethylene oxide, propylene
oxide, Precirol®ATO5,
Squalene®, Lutrol®F68, rac
1-Oleoyl Glycerol

High-pressure
homogenization

[62]

Alopecia

Minoxidil

Topical delivery for
treatment of alopecia

Pluronic F-68, Carbopol 934
Cholesterol, Soya lecithin,
Oleic acid, Tristearin, Tween-
80, Triton X-100,
Triethanolamine

Melt dispersion
ultra-sonication

[27]

Spironolactone

Follicular delivery for
alopecia

Compritol®888 ATO, Olive
oil, Tween 80

Emulsion  solvent
diffusion

evaporation

[63]

Hormone imbalance

Biochanin A

Phytoestrogen

Glyceryl monostearate,
Medium-chain triglycerides,
Polyethylene glycol 2000-
stearate, Lecithin, Tween 80

Emulsion-
evaporation and
low  temperature-
solidification

[64]

Hepatoprotectant

Silymarin

Hepatoprotectant

Lauroglycol 90, Labrafac PG,
Labrafac WL 1349, Labrafil
M 1944 CS, Precirol ATO 5,
Stearic acid, Capryol 90

Emulsion-
evaporation

[65]

Fungal disease

Itraconazole

Anti-fungal

https://biointerfaceresearch.com/

Compritol 888 ATO, Cetiol,
Precirol ATO 5, Almond oil,
Mygliol 812 N, Cutina CP,
Dynasan 114, Palmic acid,
Stearic acid, Witepsol E 85,
Cremophor EL, Cremophor

Hot  high-pressure
homogenization

[66]
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Drug Purpose Excipients Technique Ref.
RH 40, Eumulgin SLM 20,
Lutrol F68, Span 85

Topical inflammation

Quercetin Anti-oxidation and | Glycerylmonostearate, Stearic | Emulsion [67]
anti-inflammation for | acid, Soya lecithin evaporation-
topical delivery solidification
Lungs disorder
Montelukast | Bronchodilator | Precirol ATO-5, Capryol-90 | Melt emulsification | [68]
Food and Nutraceutical
Alpha-lipoic acid Antioxidant Glycerine monostearate, | High pressure [69]
Glyceryl triacetate homogenization
Pomegranate seed oil | Nutraceutical Compritol® 888, Glyceryl | Ultra-sonication [70]

behenate, Beeswax, Propolis
wax, Tween 80, Lecithin

Rutin Functional food Oleic acid, Citric acid, Tween | Freeze drying [71]
80 emulsification

Tristearin, high oleic | Functional Food Octadecanoic acid, Propylene | - [72]

sunflower oil, pB- glycol monostearate

carotene

5. Recent Patents on Nanostructured Lipid Carriers

The important reasons for NLC's increased popularity and global successes are minimal
regulatory barriers and the use of non-toxic, biodegradable, and biocompatible excipients like
lipids and emulsifiers. All the components used are generally recognized as safe by regulatory
authorities or have been approved for encapsulation of active compounds in pharmaceutical &
food. In either case, the utilization of all materials in an acceptable and approved range is indeed
crucial. Most are acquired or comprise natural sources components within the human body,
e.g., such as fatty acid and glycerol. These are well-tolerated and are known to minimize
cytotoxic or detrimental drug reactions. In the last several years, lipid nanostructure carriers
have been employed to investigate various therapeutic compounds. Table 3 gives a summary
of patents in nanostructured lipid carriers.

Table 3. Recent patent based on nanostructured lipid carriers.

Patent name Patent number Applicant Publication date Ref.
Nanostructured liposome vector | CN101011358 Zhejiang University 08.08.2007 [73]
with highly effective antineoplastic

activity

Silybin nanostructured lipid carrier | CN101632638 Shandong University 27.01.2010 [74]
and preparation method thereof

Coenzyme Q nanostructured lipid | CN101658468 Suzhou Nanohealth | 03.03.2010 [75]
carrierand preparation method Biotech Co., Ltd.

thereof

Azithromycin nanostructured lipid | CN101658493 Suzhou Nanohealth | 03.03.2010 [76]
carrierand preparation method Biotech Ltd.

thereof

Nanostructured  lipid  carrier, | CN101890170 Shanghai University of | 24.11.2010 [77]
preparation method, and T.C.M.

application thereof

Method  for  preparing  a | KR1020110137263 | Malaysian palm oil board | 22.12.2011 [78]

nanostructured lipid carrier and a
product manufactured by the same
Nanostructured lipid carrier (NLC) | IN1251/MUM/201 | Vikrant T. Kadam 01.06.2012 [79]
drug delivery systems for treatment | 2
of neurodegenerative disorders

Resveratrol nanostructured  lipid | CN102614091 Xia Qiang, | 01.08.2012 [80]
carrierand preparation method Zhao Wujun
thereof
Nanoparticle formulations for skin | US20120195957 Sachdeva Mandip Singh, | 02.08.2012 [81]
delivery Florida Agricultural and

Mechanical ~ University

Patlolla Ram

https://biointerfaceresearch.com/ 645


https://doi.org/10.33263/BRIAC121.638652
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.638652

Patent name Patent number Applicant Publication date Ref.
Composite anti-screening | CN102688152 Southeast University 26.09.2012 [82]
agent nanostructured lipid carrier
and preparation method thereof
Nanotechnology-based herbal | IN422/MUM/2011 | Singh Kamalinder Kaur, | 12.07.2013 [83]
composition for safe and effective Patel Medha Chetan
treatment of psoriasis
Thymoquinone MYPI 2012001818 | Universiti Putra Malaysia | 25.10.2013 [84]
loaded nanostructured lipid
carriers (tg-nic) and uses thereof
Nanostructured lipid carrier loaded | CN103860389 Beinong biochemical | 18.06.2014 [85]
with  phenylethyl  resorcinol, (Suzhou Industrial Park)
preparation method thereof, and Co,, Ltd.
cosmetic containing same Suzhou Nanohealth
Biotech Co., Ltd.
Podophyllotoxin preparation | CN103893167 Nanfang Hospital of | 02.07.2014 [86]
resisting condyloma acuminata southern medical
relapse and HPV latent infection university
Quercetin nanostructured lipid | CN104172184 Southeast University 03.12.2014 [87]
carrier and preparation method
thereof
Psoralen-doxorubicin-loaded CN104367549 Liaoning University 25.02.2015 [88]
composite nanostructured lipid
carrier preparation and preparation
method thereof
Idebenone lipid nanocarrier | IN276/MUM/2014. | Sachin Subhash Salunkhe | 11.09.2015 [89]
composition for the treatment of
neurodegenerative disorders
Nanostructured Lipidic-polymeric | IN2074/DEL/2014 | Panjab University 29.01.2016 [90]
pharmaceutical composition
encapsulating drugs
Nanostructured solid lipid carrier | CN105496801 Shanghai Institute of | 20.04.2016 [91]
coating vitamin A palmitate and Technology
preparation method thereof
Hydrophilic modification asiatic | CN105919976 Zhejiang Academy of | 07.09.2016 [92]
acid Nanostructured lipid carrier Medical Sciences
and preparation method thereof
ICAM-1 monoclonal antibody- | CN106074389 Zhejiang University 09.11.2016 [93]
modified
simvastatin nanostructured lipid
carrier and preparation and
application
N-acetyl-L-cysteine modified | CN106176677 China  Pharmaceutical | 27.07.2016 [94]
curcumin  Nanostructured lipid University
carrier used for oral administration
Topical nanodrug formulation US15163724 Hamidreza Kelidari | 26.01.2017 [95]
Majid Saeedi
A nanostructured lipid carrier | MYUI 2015002695 | Universiti Teknologi | 02.05.2017 [96]
encapsulates zingiber officinale oil Malaysia
Nanostructured  lipid  carrier | CN107115531 Zhejiang University 01.09.2017 [97]
modified by glycolipid polymer as
well as preparation method and
application of  Nanostructured
lipid carrier
A nanostructured lipid carrier | MYPI 2016300023 | Universiti Teknologi | 29.06.2018 [98]
encapsulates orthosiphon Malaysia
stamineus extract
Cyclic peptide modified gambogic | CN108853054 Tianjin  University of | 29.06.2018 [99]
acid Nanostructured lipid carrier Traditional Chinese
and preparation method thereof Medicine
Polymer thermosensitive liposome | CN108904450 Guangzhou Jiayuan | 30.11.2018 [100]
loaded with yeast glucan and Pharmaceutical
carnosic acid Technology Co., Ltd.
Curcumin nanostructured lipid | KR1020190024397 | Industry Academy | 08.03.2019 [101]
carrier having  improved  heat Cooperation Foundation

stability and efficient stabilization
heat treatment method thereof

https://biointerfaceresearch.com/

of Sejong University
Industry Academy
Cooperation Foundation
of Sejong University

646


https://doi.org/10.33263/BRIAC121.638652
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.638652

Patent name Patent number Applicant Publication date Ref.
Ocular drug delivery WO0/2019/123420 Waterford Institute of | 27.06.2019 [102]
Technology
Nanostructured lipid carrier (NLC) | CN110013471 Stomatology/Affiliated 16.07.2019 [103]
for collaborative treatment of Stomatology Hospital of
glioma as well as preparation Guangzhou Medical
method and application of NLC University
A Nanostructured  solid  lipid | MYPI 2018300001 | Universiti Teknologi | 22.07.2019 [104]
carrier encapsulates bromelain Malaysia
extract
Novel nanostructured lipid carrier- | IN201811021213 Manish Kumar | 13.12.2019 [105]
based  ophthalmic  controlled Ajay Pathania
release formulation for treatment in Vipin Saini
fungal keratitis A Pandurangan
Shailendra Bhatt
Prerna Sarup
Nanostructured lipid carriers and | EP3638207 Infectious Disease Res | 22.04.2020 [106]
stable emulsions and uses thereof Inst

6. Conclusions

Nanostructured lipid carriers have superior drug load capacity and tend to provide
controlled drug release, which is attributable to the dissolution of the drug in oil and
concurrently encapsulation in solid lipid. NLCs have acquired consistent prominence in recent
times and shown considerable advantages in drug delivery versus traditional dosage
formulations. The literature and patent review conducted in this review concluded that NLCs
have a wide variety of pharmaceutical applications, including hypertension, diabetes,
Parkinsonism, epilepsy, hyperlipidemia, cancer, alopecia, hormone deficiency, topical
inflammation, ocular, hepatic, and fungal diseases. This study also explores NLC applications
in the field of functional food and nutraceuticals.

7. Current & Future Developments

Over the past decade, the number of studies describing formulations based on
nanostructured lipid carriers has risen exponentially. The increase in the development of NLCs
is majorly attributable to the surpassed barriers within the scientific formulation phase of lipid-
based nanoparticles and improved awareness of the fundamental transport mechanisms of
NLCs through various routes of administration. Due to its rapid absorption, bio-acceptability,
and biodegradability, NLC is identified as a key drug delivery strategy without any alteration
to the therapeutic agent. The influence of such delivery systems is steadily expanding and
therefore has optimistic prospects for the future. It is indeed essential to further explore their
application and effectiveness in food and pharmaceuticals.
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