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ABSTRACT
In this era of nanotechnology lyotropic liquid crystalline nanoparticles (cubosomes) are
relatively less explored lipid-based nanocarriers that can be formulated selectively and
specificity for almost all administration routes. The natural compounds are proved to be
significantly curative in pulmonary diseases due to reported anti-oxidant, antiinflammatory and immunomodulatory activities. The natural products have limited
bioavailability due to either hydrophilic or low water solubility. These limitations can be
overcome by using a novel nanotechnology such as cubosomes or liquid crystalline
nanoparticles (LCNs). LCNs can easily encapsulate both hydrophilic and hydrophobic
compounds because of the amphiphilic nature of lipid monoolein (MO). LCN can be used
to co-deliver synthetic and natural compounds irrespective of their solubility due to multicompartment structure. We can use LCNs to formulate drugs of synthetic origin with
natural one to overcome multidrug resistance (MDR).
Keywords: Cubosomes, liquid crystalline nanoparticles, monoolein, pulmonary diseases,
multidrug resistance, lipid nanocarrier.

1. INTRODUCTION
The present article focuses on emerging trends in novel drug delivery technologies with
special emphasis on lyotropic liquid crystalline nanoparticles (cubosomes). Out of current
available novel drug delivery carrierlipid-based nanocarriersare less explored and diverse in
term of drug loading of versatile drug molecules. Many aspects of LCNs are still to be
clarified related to pharmacokinetics and pharmacodynamics (Murgia, Biffi, & Mezzenga,
2020).
Most of pulmonary diseases lead to death because available allopathic drugs provide
symptomatic relief. The natural compounds are proved to be significantly curative due to
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reported anti-oxidant, anti-inflammatory and immunomodulatory activities(Sharma et al.,
2019; Saggu et al., 2014). The natural products have limited bioavailability due to either
hydrophilic or low water solubility(M. Mehta et al., 2020; Thakur et al., 2020). The currently
available treatments for pulmonary diseases have many limitations such as target delivery, illeffects. There is a immediate need of emerging novel drug delivery system for target and
extended release of anti-inflammatory and antioxidants (Dua, Wadhwa, et al., 2019).
In recent years, various efforts have been taken by researchers in the field pulmonary diseases
to target synthetic, natural and biological entities. Nanocarriers such as liposomes and
nanoparticles have been encapsulated for target delivery of siRNA and miRNA
(oligonucleotides) for respiratory diseases (M. Mehta et al., 2019). In another study on
respiratory diseases Dua et al. have suggested novel drug delivery systems for tuberculosis
regimens to overcome patient compliance and toxicity issues. They proposed use of
liposomes and lipid nanoparticles to encapsulate existing drug regimens for extended release
drug delivery (Dua et al., 2018).
Despite the promising anticancer potential of curcumin, its therapeutic application has been
limited, owing to its poor solubility, bioavailability, and chemical fragility (Yong et al.,
2019). Crocins available in saffron have shown many activities for respiratory diseases but
limited applications due to hydrophilic nature. These limitations can be overcome by using a
novel nanotechnology such as cubosomes or liquid crystalline nanoparticles (LCNs). LCNs
can easily encapsulate both hydrophilic and hydrophobic compounds because of the
amphiphilic nature of lipid monoolein (MO). The dispersion of MO in aqueous phase lead to
self-assemble bicontinuous cubes which are well ordered (Mahesh et al., 2014; Mehta et al.
2016, Mishra et al., 2018). Poloxamer (P407) is used to stabilize dispersion of LCNs. LCNs
have exceptionally higher drug loading capacity along with bioadhesive nature and extended
release properties to encapsulate wide range of drugs(Dua, Malyla, et al., 2019). Further
surface modification of LCNs with hydrophilic polymers can also be possible to increase
muco adhesion and cellular uptake for enhanced bioavailability (Table 1).
Evidences supporting need of nanoparticles drug delivery
Quercetin a natural flavonoid commonly found in many plants, have numerous reported
activities such as anti-oxidant, anti-inflammatory, anti-bacterial, anti-diabetic and anti-cancer
(D'Andrea, 2015). It has been reported that quercetin significantly reduce LPS- induced
inflammation by inhibiting migration and adhesion of macrophages. As quercetin is
hydrophobic in nature its applications are limited due to poor intestinal absorption and
bioavailability (Cui et al., 2019).
Yong et al investigated anti-inflammatory activity of quercetin loaded LCN and sm-LCN
using lipopolysaccharide (LPS) induced human primary bronchial epithelial cell line (BCiNS1.1). The study showed quercetin encapsulated LCNs significantly enhanced antiinflammatory activity due to bio-adhesive and cell membrane permeability of lipid bilayer of
LCNs when compared to quercetin solution in DMSO. The cell membrane permeability in
turn resulted in more drug uptake resulted in increased bioavailability (Yong et al., 2019).
Fisetin (FIS) one of the active constituents found in Cotinus coggygria tree has various
pharmacological activities like anti-oxidant, anti-inflammatory, hypoglycaemic and anticancer. FIS has poor bioavailability because of its hydrophobic nature. There are many drug
delivery systems have been developed to overcome these limitations, but current study
emphasized on LCNs as a drug delivery system for FIS. FIS-LCNs found to have improved
pharmacokinetic properties resulted in better bioavailability of active constituent (P. Mehta,
Pawar, Mahadik, & Bothiraja, 2018).
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Baskaran et al. have formulated an aqueous dispersion of curcumin with an MO
nanotechnology by dissolving the drug into a solubilizer at the beginning of the preparation
procedure, followed by the classic method of preparation of LCN. PEG 400 and RH 40 were
found to be best solubilizers because ethylene oxide moiety in both formed hydrogen binding
with hydrogens in -OH of the curcumin molecule. This resulted in 100% entrapment of
curcumin into an MO-based LCN. The extended release of curcumin was confirmed by stable
size and surface charge of LCN dispersion. This study proposed that LCN prepared by MO
lead to stable formulation with increased entrapment facilitate cellular uptake for pulmonary
drug delivery (Baskaran, Madheswaran, Sundaramoorthy, Kim, & Yoo, 2014).
In another study Abdelaziz et al. have prepared LCNs loaded with combination of two anticancer drugs, one from natural origin and second from chemical. The LCNs so prepared
loaded with resveratrol (RSV) and pemetrexed (PMX) showed improved entrapment
efficiency and extended release of active constituents. PMX-RSV-LCNPs release drug upto
24 hours that resulted in reduced systemic toxicity. In vitro study showed improved cytotoxic
activity due to bioadhesive nature and increased cellular uptake of PMX-RSV-LCNPs by
A549 lung cancer cell lines. These effects were confirmed by in vivo experimentation on
lung cancer induced mice (Raza et al., 2015). The histopathological and
immunohistochemical profiles of mice showed reduced toxicity and improved anti-cancer
effects of · PMX-RSV-LCNPs as compared to free drugs(Abdelaziz et al., 2019).
Li et al have reported oil of Brucea javanica (BJO) and doxorubicin (DOX) loaded LCNs as
a therapeutic intervention to treat cancer. BJO has been used as traditional herbal medicine to
treat various cancer. It arrests proliferation and metastasis of various tumours. Doxorubicin is
very effective anti-cancer candidate acts by inhibition of DNA replication and renders protein
synthesis. DOX has a limitation of dose-dependent cardiotoxicity which can be checked by
targeted and co-delivery with another molecule. BJO and DOX loaded LCNs proved to be
more cytotoxic and capable of reversal of DOX resistance when studied using MCF-7 and
DOX resistant MCF-7. Furthermore, researchers showed pH induced phase transition of
nanocarriers to maximise therapeutic effects (Li et al., 2019).
Polyphenols obtained from Cornelian cherry (Cornus mas L.) have reported antioxidant, anticancer and anti-inflammatory activities. Various studies showed that most of anthocyanins
responsible for activities degrade in gastrointestinal tract only unchanged portion cross
intestinal mucosa and reach systemic circulation. These limitations can be overcome by target
delivery and LCNs (cubosomes) found to be excellent option. A study has been conducted on
Cornus mas extract (CME) loaded LCNs and Cornus mas extract (CME) to compare
antioxidant activity of polyphenols. The Folin Ciocalteu assay showed that CME loaded
LCNs have higher content of polyphenols even after storage of 60 days as compared to CME.
This study suggested higher antioxidant activity of CME loaded LCNs. Furthermore
researchers have reported enhanced anti-cancer activity of CME encapsulated LCNs when
tested on HT-29 human colon carcinoma cell line (Radbeh, Asefi, Hamishehkar,
Roufegarinejad, & Pezeshki, 2020).

2. CONCLUSION
This review mainly considers the latest researches and importance of liquid crystalline
nanoparticles as a proficient drug delivery carrier. In addition, it also takes into account the
LCNs specific to pulmonary diseases. It has been found from latest literature view that LCNs
are very efficient in encapsulation and delivery of natural as well as synthetic molecules. This
is the fact that natural products are curative in nature and exert synergistic effects when used
in extract form instead of isolated bioactives. In nearest future liquid crystalline
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nanotechnology will be the game changer to encapsulate and target delivery of natural
products for cure of highly mortal diseases. Furthermore, LCN can be used to co-deliver
synthetic and natural compounds irrespective of their solubility due to multi-compartment
structure. We can use LCNs to formulate drugs of synthetic origin with natural one to
overcome multidrug resistance (MDR). It has been obvious now that LCNs can load wide
varieties of compounds to target tissues from almost every route of administration. The latest
studies related to LCNs have been compiled in (Table 1.) for further references.
Table 1. Showing latest liquid crystalline nanocarriers studies
S.
Polymers
No.
1
Monoolein

Active
ingredient
Quercetin

Disease

Study

Reference

Asthma

Anti-inflammatory activity of
quercetin loaded LCN and smLCN using lipopolysaccharide
(LPS) induced human
primary bronchial epithelial cell
line (BCi-NS1.1)
Curcumin loaded LCNs showed
improved cellular uptake by
HCT116 in comparison with
curcumin dissolved in DMSO.
The proposed mechanism was
found to be endocytosis.
Curcumin
loaded
LCNs
improved the extended release
properties as compared to
curcumin in propylene glycol.
Further
Cur-LCNs
showed
395.56% relative bioavailability
when compared to curcumin
suspension.
Gambogenic acid loaded LCNs
showed improved cellular uptake
by SMMC-7721 in comparison
with
gambogenic
solution.
Furthermore,
GNA-LCNs
showed enhanced bioavailability
along with extended release in
vitro.
Pemetrexed
(PMX)
and
resveratrol (RSV) loaded LCNs
have enhanced cytotoxicity due
to increased cellular uptake by
A549 lung cancer cells.
BJO and DOX loaded LCNs
proved to be more cytotoxic and
capable of reversal of DOX
resistance when studied using
MCF-7 and DOX resistant MCF-

(Yong et
al., 2019)

2

PEG 400, Curcumin
RH 40 and
MO

Cancer

3

Glyceryl
Curcumin
MonoOleate
(GMO) or
MO

NA

4

MO

Gambogenic Cancer
acid

5

MO

Pemetrexed Lung
(PMX) and cancer
resveratrol
(RSV)

6

MO

Oil
of Cancer
Brucea
javanica
(BJO) and
doxorubicin

(Baskaran
et al., 2014)

(He,
Li,
Liu, Wu, &
Zhai, 2015)

(Luo et al.,
2015)

(Abdelaziz
et al., 2019)

(Li et al.,
2019)
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