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including its low solubility, stability and less bioavailability. In this review,
liquorice’s historical background, pharmacokinetics, therapeutic applica-
tions, different mechanism of actions is discussed with major emphasis
on liquorice encapsulated novel formulations (nanoparticles, nanomicelles,
liposomes, niosomes, microparticles, microspheres, self-nanoemulsifying
system, self-micro-emulsifying system). Liquorice, a prominent constituent
of different dietary products, has aroused the interest of many researchers
because of its anti-proliferative capacity, tumour microenvironment ma-
nipulation and autophagy activation in numerous cancer types. Nanotech-
nology-based techniques for enhanced solubilisation, stability and target-
ed drug delivery have been tested by formulation scientists. Liquorice is
enclosed in different novel carriers and encapsulated liquorice displayed
enhanced stability, solubility, high encapsulation efficiency, controlled drug
release and extended circulation time period.
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Introduction

Liquorice (Glycyrrhiza glabra) is a sweet and ranean region, but is also found in China, India,
calming herb of a Fabaceae family and is widely  Italy, Spain and Russia. The name Glycyrrhiza is
used from the ancient times in pharmaceutical originated from the two Greek words “glykos”
industries due to its extensive therapeutic appli- means sweet and “rhiza” means root.! Its chem-

cations. Primarily, this herb is from the Mediter- ical formula and molecular weight are C,H 0,
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and 822.942 g/mol, respectively. Figure 1 rep-
resents different constituents of liquorice. Gly-
cyrrhizic acid, liquiritin and isoliquiritin are its
major biologically active constituents. It is the
most economically valuable herb, having a variety
of uses in food supplements, pharmaceuticals, to-
bacco and cosmetics. G glabra is an essential and
effective herb that reduces toxicity and increas-
es the therapeutic efficacy when used in combi-
nation with other medicinal herbs.? 3 It is a rich
source of proteins, sugars, polysaccharides, min-
eral salts, amino acids, starch, gums, sterols, res-
ins and is well-known for its anti-inflammatory,
antibacterial, antiviral,* antioxidant, expectorant
effects™ ¢ also useful for liver detoxification and
protection.” Liquorice exhibit significant antican-
cer, anti-depressive, neuroprotective, myocardial
cell protecting and detoxification actions. There
has been no reported toxicity of liquorice and its
constituents so far. But certain adverse effects
are documented due to use of high doses over a
long time period which leads to serious health
illnesses. Nevertheless, this herb can be used for
therapeutic purpose in small doses for treating
significant ailments and there are no harmful ef-
fects.®

Various technologies such as acidification-in-
duced precipitation, chromatographic separa-
tion (HPLC) and adsorption are used to separate
bio-active constituents from liquorice extract.
But all these extraction techniques are expensive,
having low recovery rate and are time consuming.’
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Pharmacokinetics

After administration of liquorice and its constit-
uents by oral route, intestinal bacteria having
3-glucuronidase moiety hydrolysed the glycyr-
rhizic acid (a major constituent of liquorice) to
glycyrrhetic acid, which undergoes rapid ab-
sorption and is transported readily to the liv-
er by the carrier molecules.!® It is converted to
glucuronide and sulphate conjugates in the liver
and then re-hydrolysed to form glycyrrhetic acid.
Afterwards, the subsequent reabsorption of gly-
cyrrhetic acid takes place, which results in a sub-
stantial delay in plasma terminal clearance.!!
After oral consumption of 100 mg glycyrrhizin
in healthier subjects, it was partially absorbed in
native form in the intestine and was not observed
in plasma, but < 200 ng/mL glycyrrhetic acid was
detected in plasma and also minor amount of gly-
cyrrhizin was found in urine.!?

Therapeutic applications

Liquorice root has been used for the prevention
and treatment of different diseases of respiratory,
urogenital, cardiovascular and respiratory sys-
tem, also used for treating skin and eye disorders.
It exhibits anti-inflammatory, anti-microbial, an-
ti-tussive, anti-diabetic, antioxidant, anti- rheu-
matic,”* * immunomodulator, anti-cancer, demul-
cent and expectorant properties.'> '° Liquorice is
extensively used to treat chronic cough, asthma
and bronchitis. Also effective in depression, Addi-
son’s disease, peptic ulcer, rheumatic pain, cancer
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Figure 1: Different constituents of Glycyrrhiza glabra
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prevention, in treating inflammatory disorders
and mouth ulcers.” Its flavonoids are used in
treatment of pulmonary inflammation as they
reduce the expression of TNF-a, mRNA, elevates
water content in lungs and inhibits the inflam-
matory release mediators. Liquiritin (a major
constituent of liquorice) is an anti-tussive agent,
provides quick relief from cold, cough and other
respiratory infections. Itis a cost-effective immu-
nomodulatory agent, boosts macrophages action
and stimulates phagocytosis rate, also exhibits
anti-influenza activity by blocking viral replica-
tion and by acting on neuraminidase enzyme."*

Table 1: Common constituents of liquorice
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G glabra elevates IgA, IgG and IgM antibodies
level in blood serum, promotes T-cell expression,
up-regulates IL-7, IL-2, [L-6 and anti-tumour cy-
tokines level in serum.'® ¥ The active constitu-
ents of G glabra show positive results to treat the
patients suffering from COVID-19 infection and
reduces their hospitalisation rate by preventing
the replication, penetration, adsorption of virus
and by protecting the lungs from adverse effect of
virus infection.'”?° The various chemical constit-
uents of different liquorice extracts along with
their primary functions are presented in Table 1.

Constituent Category Primary function / property Ref
Glycyrrhizin Saponin Sweetener, anti-inflammatory, anti-viral, hepatoprotective ~ 21

Liquiritin Flavonoid Anti-inflammatory, antioxidant 22
Isoliquiritigenin Chalcone (Flavonoid) Antioxidant, antitumour, anti-inflammatory 23
Glabridin Isoflavonoid Antioxidant, skin-whitening, anti-inflammatory 24
Liquiritigenin Flavanone Phytoestrogenic, antioxidant 25
Glycyrrhetinic acid  Triterpenoid Anti-ulcer, anti-inflammatory, antiviral 26
Formononetin Isoflavone Antioxidant, anticancer 27
Coumarins Phenolic compounds Antimicrobial, anticoagulant 28
Polysaccharides Carbohydrates Immune-modulating, anti-inflammatory 29
Stilbenoids Phenolic compounds Antioxidant, anti-inflammatory 30
Tannins Polyphenolic compounds  Astringent, antioxidant 31

Mechanism of action of
liquorice

Mechanism of liquorice in viral infections

Liquorice exhibits potent anti-inflammatory ac-
tion by reducing the level of free radicals, TNF,
prostaglandins (PGE-2), by inhibiting the activa-
tion of p38, ERK, JNK genes and by blocking the
phosphorylation of [kBa (involved in regulation
of NF-kf3, a protein transcription factor that be-
haves as a central inflammatory mediator). It also
limits the release of pro-inflammatory cytokines
by blocking the LPS (lipopolysaccharides)-in-
duced IL-8, IL-1f3, IL-6 responses and TNF-a as-
sociated responses of macrophages.!” Figure 2
shows the mechanism of action of liquorice in
treating microbial/viral infections. External in-
jury such as virus attack leads to production of
pro-inflammatory mediators including interleu-
kins, prostaglandins, which result in generation
of inflammatory responses by the body that ul-
timately causes disturbances of homeostasis.
Liquorice and its active constituents inhibit the

release of inflammatory mediators and block the
inflammatory responses, thus providing protec-
tion from microbial infections such as viral infec-
tions and COVID-19.

Antioxidant and anti-inflammatory
mechanism of liquorice

The phenolic content of G glabra is mainly respon-
sible for its antioxidant activity. It shows a strong
DPPH radical scavenging effect and inhibits lipid
peroxidation. These phenolic groups are highly
effective in protecting the body cells or tissues
from oxidative stress and also regulates skin ho-
meostasis, thus provide protection from various
skin damages. Figure 3 depicts anti-inflammato-
ry and antioxidant mechanisms of liquorice fla-
vonoids. It shows antioxidant effect by inhibiting
nitric oxide synthase and COX-2 enzymes, hence
results in reduced nitric oxide production, inhib-
its interleukins, block the generation of reactive
oxygen species and protect the body cells from
harmful effects of free radicals. It exhibits anti-
inflammatory effect by reducing the level of pros-
taglandins, interleukins and other inflammatory
pathways/mediators including MAP3Ks1.
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Figure 3: Antioxidant and anti-inflammatory mechanisms of liquorice flavonoids

Antidiabetic mechanism of liquorice

Liquorice possesses a significant anti-diabetic ac-
tion by various mechanisms including regulation
of multiple signalling pathways such as PI3K/Akt,
AMPK, MAPK, NF-kB and NLRP3, increases the
sensitivity of insulin receptor, improves the capa-
bility of body to utilise glucose in various tissues
and organs by eliminating the free radicals, regu-
lating protein and lipid metabolic disorders and by
improving microcirculation in body.*? Figure 4 de-
picts anti-diabetic mechanism of G glabra extracts.

Anticancer mechanism of liquorice

LicochalconeA (LCA) from liquorice exhibits po-
tent anti-cancer activity. It significantly alters
the morphology of cancerous cells, hinders their
ability to proliferate and induces apoptosis by
arresting the cell cycle at G,/M Phase.* Figure 5
represents the proposed anticancer mechanism
of liquorice flavonoids. LCA induces autophagy,
inhibits angiogenesis and migration of cancerous
cells by regulating MAPK pathway (responsible
for tumour proliferation), downregulating P13/
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Figure 5: Anti-cancer mechanism of liquorice

Akt and NF-kB pathways (involved in tumour more release of protease enzymes (caspase-3,
growth and multiplication), promote apoptosis caspase-8, caspase-6, caspase-9), which play vi-
by activation of FAS (death receptor), upregulates  tal role in programmed destruction of cancerous
mitochondrial apoptosis pathway that result in  cells.
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Liquorice encapsulated novel formulations

Liquorice is enclosed in different novel carriers
such as nanoparticles, nanomicelles, liposomes,
niosomes, microparticles, microspheres, self-na-
noemulsifying drug delivery system (SNEDDS)
and self-microemulsifying drug delivery system
(SMEDDS) with the purpose to improve its sol-
ubility, stability, biological half-life, therapeutic
efficacy and to provide target site specific drug
delivery.?*Figure 6 depicts different liquorice en-
capsulated novel formulations.

Liquorice nanoparticles

Nanoparticles (NPs) are extremely small mole-
cules, having size in the range of 1-100 nm. They
exhibit distinct physicochemical characteris-
tics because of their nano-size and large surface
area. The different types of NPs are- metal NPs,
polymeric NPs, lipid-based NPs and ceramic NPs.
They are synthesised by using top down (eg sput-
tering, milling, laser ablation) and bottom up (eg
spinning, condensation, biological synthesis) ap-
proaches. They are extensively used as a carrier
for delivery of drug molecules due to their high

solubility, better stability, high sensitivity, high
reactivity, rapid penetration through biological
membrane and target site specific action.> 3¢ As
NPs deliver the drug to the targeted site, the total
drug dosage and adverse effects are reduced sig-
nificantly. They are widely used to treat various
types of cancers (such as lung cancer, prostate
cancer, GIT cancer), rheumatoid arthritis, leukae-
mia and multiple myeloma.®”

Bavanilatha et al developed titanium oxide NPs by
green synthesis method and the outcome of the
study revealed enhanced ant-bacterial and cyto-
toxic effect of liquorice roots.®® Sreelakshmy et
al prepared silver NPs loaded with liquorice root
extracts using green synthesis method and the
result indicated that developed nanoformulation
exhibited improved bioavailability and therapeu-
tic effect.?® Liquorice flavonoids loaded nanopar-
ticles were formulated using liquid anti-solvent
re-crystallisation method by Wang et al. The
study results showed enhanced oral bioavailabili-
ty and antioxidant effect of liquorice flavonoids.3?
In another study, gold and silver chloride NPs
were prepared employing green synthesis and
centrifugation methods by Huo et al. The result
revealed enhanced therapeutic effectiveness of
liquiritin.*® Cai et al developed Glycyrrhiza poly-
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saccharide silver NPs by photoreduction synthe-
sis method and the outcome of the study showed
enhanced anti-bacterial effect of Glycyrrhiza
polysaccharides.*! Silver NPs were formulated
using green synthesis method by Khandelwal
et al and the study revealed enhanced anti-bac-
terial and anti-inflammatory effect of liquorice
root extracts.*? In another study, silver NPs were
formulated employing Agar well diffusion meth-
od by Kalugendo et al. The outcome of the study
depicted improved anti-microbial and anti-bacte-
rial activity of G glabra stem extracts.** Mishra et
al developed NPs using green synthesis method
and the prepared nanoformulation showed en-
hanced anti-microbial and anti-bacterial effect of
liquorice root.**

Nanoparticles are integral to enhancing the bio-
availability and efficacy of constituents derived
from liquorice, as demonstrated by numerous
studies. Liquorice is rich in bioactive compounds
such as glycyrrhizin, flavonoids and saponins,
which frequently exhibit challenges related to
poor water solubility, stability and limited ab-
sorption. For example, research indicates that
nanoparticles loaded with glycyrrhizin signifi-
cantly improve solubility and dissolution rates,
thereby facilitating greater absorption into the
bloodstream. Furthermore, nanoparticles serve
to protect these compounds from environmental
degradation, ensuring that the active ingredi-
ents retain their stability and effectiveness until
they reach their intended site of action. A study
conducted by Wang et al revealed that liquorice
flavonoids encapsulated in lipid nanoparticles
exhibited enhanced stability and bioavailability
relative to their non-encapsulated counterparts.*®
Moreover, nanoparticles can be specifically engi-
neered for targeted delivery; this was illustrated
in a study by Rani et al, where glycyrrhizin-load-
ed nanoparticles effectively targeted diabetic
models, thereby improving therapeutic efficacy
in diabetes management.** The controlled and
sustained release characteristics observed in
various polymer-based systems prolong the ther-
apeutic effects of these compounds while mini-
mising the necessity for frequent dosing. Collec-
tively, this amalgamation of improved solubility,
stability, targeted delivery and cellular uptake
- supported by existing literature - underscores
the substantial therapeutic potential of liquorice
when administered via nanoparticle-based sys-
tems.
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Liquorice nanomicelles

Micelles are the self-assembly nanocarriers hav-
ing size in the range of 10-100 nm and are effec-
tively used as a drug delivery vehicle particularly
for lipophilic drugs due to their small size, large
surface area, high drug encapsulation efficiency,
biocompatibility, longevity, better pharmacoki-
netic profile and targetability. These are prepared
using different techniques such as lyophilisation,
microphase separation, dialysis, solid dispersion,
solvent evaporation and emulsification meth-
ods.” The functionality of micelles may be deter-
mined by their general attributes including size,
shape, charge, stability and their composition.
Micelles are the novel vehicles for drug delivery
as they exhibit better stability, provide target-
ed delivery, better protection against oxidation,
reduce adverse effects of APl and provide con-
trolled/sustained drug release. They are widely
used for treatment of different type of cancers
such as lung cancer, colorectal cancer and gastric
cancer.*®*

Song et al developed novel ocular nanomicelles
by thin film dispersion method and the study re-
sults revealed enhanced encapsulation efficiency,
improved anti-bacterial and anti-inflammatory
activity of glycyrrhizin.*® Liquorice chalcone A
micelles were prepared by Yang et al employing
thin film dispersion method. The results showed
developed nanoformulation exhibited enhanced
solubility, bioavailability and improved liver pro-
tective activity. In another study, glycyrrhizic
acid-based self-assembled micelles were formu-
lated using ultrasonic dispersion method by Shen
et al and the outcome of study depicted enhanced
permeability and therapeutic effect of enclosed
drug substance.®® Wang et al developed glycyr-
rhiza acid micelles loaded with LCA using thin
film dispersion method. The result revealed en-
hanced permeability and therapeutic efficacy of
LCA.*2 Glycyrrhizic acid micelles were prepared
by Wang et al employing ultrasonic dispersion
method and the result showed improved anti-in-
flammatory and anti-bacterial activities of gly-
cyrrhizic acid.®
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Liquorice liposomes

Liposomes are lipid-based self-assembled spher-
ical vesicles (0.01-0.5 um size) having single or
multiple bilayers surrounding aqueous compart-
ment. These are the amphiphilic molecules, hence
suitable for delivery of lipophilic and hydrophilic
drug substances. They are synthesised using dif-
ferent techniques such as solvent injection, soni-
cation, thin film hydration, double emulsification
and freeze-drying methods.>®* They are widely
used as a delivery system for the drugs, imag-
ing agents, antibiotics, hormones, proteins, anti-
cancer drugs and nucleic acids because they are
stable, biocompatible, non-toxic, provide protec-
tion to entrapped substance from degradation,
improves biological shelf life of API, provide con-
trolled drug release, exhibits minimal systemic
adverse effects, prevents oxidation and enhanc-
es the therapeutic effectiveness of encapsulated
drug molecule. They are used in cosmetics, can-
cer treatment, gene therapy, leishmaniasis, brain
targeting, also used for drug delivery by differ-
ent routes including pulmonary, oral, topical and
ophthalmic.>*

Kim et al developed the liposome-in hydrogel
complex by swelling method and the prepared
nanosystem showed improved stability, enhanced
encapsulation efficiency and better skin perme-
ability of liquiritin and liquiritigenin.>® Wang et
al prepared the liposome nanoformulation for
liquiritin targeted delivery using film dispersion
and freeze-drying methods. The result indicated
that formulated liposomal system exhibited en-
hanced solubility, bioavailability and therapeu-
tic efficacy.*® Liposomal dry powder containing
liquorice was formulated using thin film evap-
oration method by Viswanathan and the devel-
oped liposomes displayed improved encapsula-
tion efficiency and enhanced anti-bacterial effect
of G glabra extract.’® In another study, liquorice
encapsulated liposomes were prepared by Akh-
laghi et al using thin film evaporation method.
The result revealed that developed liposomal
nanoformulation showed non-toxicity, provided
controlled drug release and improved stability of
liquorice hydro-alcoholic extracts.”” Castangia et
al formulated the liposomal nanoformulation for
liquorice delivery using percolation method and
the prepared liquorice encapsulated liposome
displayed improved stability, high encapsula-
tion efficiency and better local therapeutic effect
of herbal extract.’® Ultra-deformable liposomes
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were prepared by Barone using thin layer evap-
oration technique for glycyrrhizate delivery. The
developed nanoformulation was biocompatible,
deformable, exhibited enhanced skin permeabil-
ity and promoted the drug accumulation in dif-
ferent sites."?

Liquorice niosomes

Niosomes are self-assembled microscopic vesi-
cles consisting bilayer of non-ionic surfactant and
cholesterol that encloses aqueous compartment.
The lipophilic substances are encapsulated in bi-
layer and hydrophilic substances are entrapped
in the aqueous central compartment.®® They are
prepared using different techniques such as mi-
crofluidisation, thin film hydration, sonication
and ether injection method. Niosomes are bio-
compatible, non-immunogenic, amphiphilic, bio-
degradable, stable, non-toxic, inexpensive drug
delivery vehicles and are used to deliver the drug
molecules as they exhibit flexibility, high stabil-
ity, better penetration across skin, provide sus-
tained/controlled drug release, enhances thera-
peutic efficacy of encapsulated molecules. They
are used to deliver the drugs used in the treat-
ment of various diseases such as cancer (ovarian
cancer, breast cancer, lung cancer), HIV, inflam-
mation, melanoma and viral infections.®" ¢

Akhlaghi et al developed G glabra loaded nano-
niosomes by thin film hydration method. The
formulated niosomes displayed controlled re-
lease and non-toxicity of liquorice extracts to
normal healthier body cells.®® Niosomes were
also prepared by Marianecci et al using thin film
evaporation method. The developed nanosystem
showed better skin tolerability, non-toxicity and
improved anti-inflammatory action of glycyr-
rhizinate.®* Akhlaghi et al developed stimuli-re-
sponsive nanoniosomes using thin film hydration
method. The prepared nanosystem exhibited
better cellular uptake, improved anticancer and
anti-microbial potential of G glabra root extract.*®
In another study, Marianecci et al formulated nio-
somes using thin layer evaporation method. The
result reported that liquorice encapsulated nio-
somes were non- toxic and exhibited improved
anti-inflammatory responses of ammonium gly-
cyrrhizinate.®> The different liquorice encapsu-
lated novel formulations have been represented
systematically in Table 2.
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Table 2: Different novel formulations of liquorice
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N Novel formulation = Method of preparation Therapeutic applications Ref
1 Nanoparticles Green synthesis method Enhanced antibacterial and cytotoxic effect of liquorice roots 37
2 Nanoparticles Green synthesis method Improved bioavailability and therapeutic effect of liquorice extracts 38

) o ) . Enhanced oral bioavailability and antioxidant effect of liquorice
3 Nanoparticles Liquid antisolvent recrystallisation flavonoids 31
4 Nanoparticles Green synthesis, centrifugation Enhanced therapeutic effectiveness of liquiritin 40
5 Nanoparticles Photoreduction synthesis Improved anti-bacterial effect of glycyrrhiza polysaccharides 41
6 Nanoparticles Green synthesis Enhanced anti-bacterial and anti-inflammatory effect of liquorice 42
root extracts
7 Nanoparticles Agar well diffusion method Lr:tpr;c;\gd anti-microbial and anti-bacterial activity of G glabra stem 43

8 Nanoparticles Green synthesis

Enhanced anti-microbial and anti-bacterial effect of liquorice roots 44

Enhanced encapsulation efficiency anti-bacterial and anti-inflam-

9 Nanomicelles Thin-film dispersion matory effect of glycyrrhizin 50
10 Nanomicelles Ultrasonic dispersion Ezihdlblted high permeability and therapeutic effect of glycyrrhizic 51
11 Nanomicelles Thin-film dispersion Enhanced permeability and bioavailability of licochalcone A 52
12 Nanomicelles Uttrasonic dispersion I;Ei[:jroved anti-inflammatory and anti-bacterial action of glycyrrhizic 8

Liposome-hydrogel

13
complex

Swelling

Enhanced encapsulation efficiency and better skin permeability of 55
liquiritin and liquiritigenin

Enhanced solubility, bioavailability and therapeutic efficacy of

Liposomes Film dispersion, freeze dryin
14 Lip p ; ying liquiritin 52
15 Liposomes Thin film hydration Improved encapsulation efficiency and anti-bacterial effect of G 56
glabra root extract
16 Liposomes Thin film preparation Improve.d.stablllty, provide cqntrolled drug release and showed 57
non-toxicity to normal healthier cells
. . Improved stability, high encapsulation efficiency and enhanced
17 Liposomes Percolation
P I local therapeutic effect of herbal extract 58
18 Liposomes Thin layer evaporation Blocompatlble, deformable, exhibited enhanceq sk|.n p('armeab|l|'ty of 5
glycyrrhizate and also promote drug accumulation in different sites
19 Nanoniosomes Thin film hydration Exhibited controlled drug release and non-toxicity of liquorice 63
extract to normal healthier cells
20 Niosomes Thin layer evaporation Bet.ter skin tolerapl!lty, non-toxicity and improved anti-inflammatory 64
action of glycyrrhizinate
21 Nanoniosomes Thin film hydration Better.cellular uptake, improved anticancer and anti-microbial 57
potential of G glabra root extracts
22 Niosomes Thin layer evaporation Non-toxic, exhibited improved anti-inflammatory responses of 65

glycyrrhizinate

Liquorice microparticles

These are tiny solid particles having size in the
range of 1-1000 pum and are of two types: micro-
sphere and microcapsule. In microspheres drugis
equally distributed in matrix and may be present
in suspended form or in dissolved state,®® while in
microcapsule, drug is enclosed by membrane or
shell core and form a reservoir. These are suitable
vehicle to deliver the drug at target site without
any adverse effects to normal healthier body cells
and also achieve the effective therapeutic concen-
tration at a specific site.®” They exhibit several ad-

vantages such as they can be easily injected into
the tissue, provide protection to drug from envi-
ronmental degradation, can be applied topically,
masks bitter unacceptable taste, reduces side
effects of drug, minimises oxidation of encapsu-
lated substance and enhances drug targeting.®® ¢°

Sui et al developed the glycyrrhizic acid encap-
sulated microparticles by supercritical anti-sol-
vent process that showed enhanced entrapment
efficiency and improved therapeutic effect.”’ Li-
quorice and ginger loaded microparticles were
prepared using ultrasonication process by Jan
et al. The result indicated that formulated mi-
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croparticles exhibited improved encapsulation
efficiency and therapeutic effect of herbal ex-
tracts.”! Liquorice encapsulated microparticles
were prepared by Salvi et al using emulsification
technique that showed enhanced drug release,
improved encapsulation efficiency and therapeu-
tic effect of G glabra root extract.”> Neelima et al
developed the microparticles for liquorice target-
ed drug delivery by solvent evaporation process.
The formulated microparticles attained high
concentration and provided prolonged release
of herbal extract.”® In another study, Al-Shdefat
et al prepared the microparticles loaded with li-
quorice by spray drying process. The developed
microparticles showed better entrapment effi-
ciency and improved sexual behaviour activity of
glycyrrhisin in male rats.”

Liquorice microspheres

Microspheresare solid spherical particlesranging
in size between 1-1000 um. These are prepared
using natural, semi synthetic, synthetic polymers
and gums/waxes by different techniques such as
coacervation method, spray drying, spray con-
gealing and ionic gelation method. Drug content,
nature of polymer, molecular weight of the poly-
mer and type of excipients are the major factors
that affect synthesis of microspheres. These are
multiparticulate drug delivery vehicle that ex-
hibit numerous advantages over the conventional
dosage forms and provide sustained/controlled
drug delivery, reduces dose frequency, delivers
the drug at target site, improves stability and bio-
availability of drug molecules.”’¢ They play a key
role in different fields including cell sorting, diag-
nosis and genetic engineering.”’

Harwansh et al developed the glycyrrhizin load-
ed mucoadhesive microspheres by emulsifica-
tion-crosslinking technique. The formulated
microspheres were safe, effective for oral route
delivery, showed improved drug absorption and
better gastro-protective effect.” Visht et al devel-
oped the glycyrrhetinic acid encapsulated micro-
spheres by emulsification and heat stabilisation
process. The result revealed that the prepared
microspheres displayed high reproducibility,
high encapsulation efficiency and maximal mu-
coadhesive properties.”
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Liquorice self-nanoemulsifying
drug delivery system (SNEDDS)

SNEDDS are an isotropic mixture of natural or
synthetic oils, surfactants and co-surfactants
having globule size not more than 100 nm. The
different techniques used for preparation of
SNEDDS include micro fluidisation, high pressure
homogeniser, high energy approach, sonication
and phase inversion method. Various factors af-
fecting SNEDDS synthesis are: high dose drugs,
capability to maintain the drug in solubilised
state and risk of precipitation. These are oil-
based approaches suitable for drugs that exhibit
low dissolution rate and inadequate absorption.8®
81 These delivery systems promote frequent oral
distribution oflipophilic drugs, which is crucial to
increase oral bioavailability. SNEDDS are exten-
sively used to enhance the low aqueous solubility
and poor bio-availability of class II and class IV
drugs of BCS classification.?? These delivery sys-
tems show numerous advantages compared to
conventional dosage forms as they possess high
drug payload, high solubility, high bioavailabil-
ity, targeted drug delivery and minimal dosage
frequency by enhancing the pharmacokinetic
properties of the encapsulated drug.?*8* SNEDDS
seems to be a suitable, commercially viable strat-
egy for future development.

Wei et al developed self- nanoemulsifying drug
delivery system of liquiritin by homogenisation
technique and the prepared nanosystem showed
better drug release rate, increased bioavailabili-
ty, long retention time and improved anti-hyper-
uricemic effect of liquiritin.* Upadhyay et al for-
mulated the glycyrrhetinic acid loaded SNEDDS
using homogenisation. The developed nanosys-
tem exhibited improved dissolution and better
bioavailability rate.?¢ In another study, Cao et al
prepared the isoliquiritigenin encapsulated self-
nanoemulsifying drug delivery system by homo-
genisation that showed enhanced solubility, bio-
availability and therapeutic efficacy of liquorice
extracts.®’
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Liquorice self-microemulsi-
fying drug delivery system
(SMEDDS)

SMEDDS are the isotropic blend of solid or liquid
surfactants and natural or synthetic oils.?® These
are transparent microemulsion with droplet size
not more than 100 nm and oil concentration less
than 20 % as compared to 40-80 % in self-emulsi-
fying delivery system. Different techniques used
for SMEDDS synthesis are: sonication, spray dry-
ing, melt granulation and spheronisation. Nature
and dose of the drug, polarity of the lipophilic
phase, susceptibility to digestion is some of the
major factors that affect synthesis of SMEDDS.
These are simple to produce formulations that
are physically stable and are the promising de-
livery system that improves the rate and extent
of drug absorption, also enhances drug solubili-
ty and bioavailability.® Numerous advantages of
SMEDDS are ease of manufacture, easy to scale
up and exhibit reduction in inter and intra-sub-
ject variability.?®

Zhong et al developed the liquorice loaded self-mi-
croemulsifying drug delivery system by homo-
genisation and sonication method. The formulat-
ed nanosystem showed improved solubility and
bioavailability rate of liquorice. Zhang formulat-

Table 3: Various novel formulations of liquorice

ed the isoliquiritigenin encapsulated self-micro-
emulsifying drug delivery system using stirring
and homogenisation. The developed nanofor-
mulation exhibited improved drug release rate,
better bioavailability and enhanced anti-hyper-
uricemic effect of liquoriceconstituents. Other
liquorice encapsulated novel formulations have
been represented systematically in Table 3.

Miscellaneous novel formulations

Apart from above-described novel formulations,
liquorice is enclosed in various other carriers to
enhance its bioavailability and therapeutic effica-
cy. Such novel formulations are mentioned as:

- Ethosomes are novel lipoidal carriers having
high ethanol percentage. These nanocarriers
are mainly developed for the efficient and effec-
tive delivery of drug molecules across the skin
into deeper layers and are used extensively as
drug carrier due to their large surface area, high
flexibility, non-toxicity, better stability and high
encapsulation efficiency. They are employed in
treatment of various diseases such as microbial
infection, inflammation and menopausal symp-
toms in females.” Im NR developed the liquiri-
tigenin and liquiritin loaded ethosomes by thin
membrane hydration method and the formulated
nanosystem showed improved entrapment effi-

N Novel formulation Method of preparation Therapeutic applications Ref
1 Microparticles Supercritical anti-solvent process thgncgd entrapment efficiency and therapeutic effect of glycyr- 70
rhizic acid
2 Microparticles Ultrasonication Improved encapsulation efficiency and therapeutic efficacy of 71
G glabra extracts
3 Microparticles Emulsification Enhanced drug release and encapsulation efficiency of G glabra 79
root extracts
. Devel microformulation sh high dri ncentration an
4 Microparticles Solvent evaporation evg oped microformulation showed high drug concentration and 73
provided prolonged drug release
Better entrapment efficiency and impr | behaviour activit
5 Microparticles Spray drying ettere ap .e efficiency and improved sexual behaviour activity 7
of glycyrrhizin in male rats
) Emulsification-crosslinking Safe, effective for oral route delivery, improved drug absorption and
6 Microspheres ) . . 78
technique better gastro-protective effect of glycyrrhizin
) Emulsification and heat Exhibited reproducibility, high encapsulation efficiency and maximal
7 Microspheres I . . . 79
stabilisation process mucoadhesive properties of glycyrrhetinic acid
Self-nanoemulsifying - Better drug release rate, increased bioavailability, longer retention
8 . Homogenisation . ) . . . o 85
drug delivery system time and improved anti-hyperuricaemic effect of liquiritin
9 Self-nan.oemulsﬁylng Homogenisation Improved dissolution and bioavailability rate of glycyrrhetinic acid 86
drug delivery system
10 Self-nanoemulsifying Homogenisation Enhanced solubility, bioavailability and therapeutic efficacy of 87

drug delivery system

liquorice extracts
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Table 4: Liquorice encapsulated miscellaneous novel formulations

N Novel formulation Method of preparation Therapeutic applications Ref
1 ﬁ-cyc!odextrm Saturated aqueous solution I?Znh'a.n.ced solubility, bioavailability and antitumour efficacy of 93
inclusion complex liquiritin
2 Hydrogel Chemical cross-linking Optimal r.h.eologlcal gnd elldhesllve characterlfstlc's, (.er.ﬂ.]anc.ed skin 95
permeability and anti- microbial efficacy of isoliquiritigenin
3 Nanoemulsion Spontaneous emulsification Increased enzymatic activity, reduced lipid peroxidation and better 85

wound healing potential of liquorice extracts

ciency and enhanced skin permeability. Hydro-
gel is the three-dimensional polymeric network
holding excess amount of water. They possess
high flexibility, biocompatibility, long half-life,
high mechanical strength, low interfacial ten-
sion, versatility and photostability. They are
used in different fields such as pharmaceuticals,
agriculture, food industry, diagnosis and tissue
engineering.”> Hydrogel containing isoliquiriti-
genin was formulated by Kwon using chemical
cross-linking technique that showed optimal rhe-
ological and adhesive characteristics, enhanced
skin permeability and anti- microbial efficacy.”

Nanoemulsions are the colloidal dispersions
having size in range of 50-1000 nm and consists
of two immiscible liquids that are mixed using
emulsifying agents to produce a single homoge-
neous phase. They are widely used as drug de-
livery vehicles due to their better stability, per-
meation, viscosity, pH, shelf life, surface tension,
osmolarity, also shows quick absorption, non-tox-
icity, protection against hydrolysis and enhanced
drug bioavailability.”* In a study, Kazemi et al de-
veloped the nanoemulsion loaded with liquorice
extract by spontaneous emulsification method.
The prepared nanoemulsion exhibited increased
enzymatic activity, reduced lipid peroxidation
and better wound healing potential.”> Cyclodex-
trins encapsulate drug molecules resulting in the
formation of inclusion complexes. This inclusion
complex encloses compounds by hydrophobic or
Vanderwall’s interactions between the complex
walls and drug molecules. These are used as a
drug delivery vehicle because of their better sta-
bility, high drug loading capacity and ability to
increase the therapeutic efficacy of enclosed mol-
ecule.?® Wang et al prepared the (-cyclodextrin
inclusion complex loaded with liquiritin by sat-
urated aqueous solution process. The developed
inclusion complex exhibited enhanced solubility,
bioavailability and antitumour efficacy.®® The li-
quorice encapsulated miscellaneous novel formu-
lations have been represented systematically in
Table 4.

Pre-clinical studies

Rani et al evaluated the anti-diabetic activity of
liquorice loaded NPs in type-2 diabetic rats. The
nanoformulation was administered for 21 days
to rats and study result concluded that liquorice
loaded NPs showed significant reduction in blood
glucose level.** Anti-cancer activity of G glabra
was evaluated on mice by Zhang et al. During
dosing process, the body weight and growth
rate of tumour in mice were monitored. The re-
sult revealed that G glabra encapsulated micelles
exhibited strong inhibitory effect on tumour
growth. Bernela et al conducted a study on Wis-
tar rats with a dose of 20 mg/kg and 40 mg/kg
of liquorice loaded NPs to confirm the improved
anti-inflammatory effect of liquorice. The trial
result concluded that encapsulation of liquorice
in nanoparticle leads to enhancement in its bio-
availability and anti-inflammatory action.”” An-
ti-microbial effect of G glabra in treatment of lung
infection was evaluated by Chakotiya et al. The
trials were conducted on albino rats with a dose
of 20 mg/kg and 80 mg/kg. The different param-
eters such as body weight, temperature, bacter-
aemia (presence of bacteria in blood) were mon-
itored for 48 h. The study result revealed that G
glabra extract at 80 mg/kg dose were highly ef-
fective in treating lung infection caused by Pseu-
domonas aeruginosa.’® Orlando et al conducted a
pre-clinical study on rats to evaluate the antiox-
idant action of herbal extracts of G glabra, Vici-
afaba and U rhyncophylla. The effect of different
herbal extracts on nitrites, prostaglandins and
on lactate dehydrogenase were evaluated during
study. The result concluded that extract of differ-
ent herbs (G glabra, Viciafaba and U rhyncophylla)
were highly effective in treatment of stress asso-
ciated disorders.”® Mishra et al conducted study
on albino rats to determine the biodistribution
pattern of glycyrrhizin loaded chitosan NPs for
target site specific delivery of lamivudine and the
trial result concluded the presence of high drug
concentration in liver tissues because of quick
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uptake of NPs by phagocytic cells.®® Pre-clinical
study on female mice was also performed by Shi
et al to evaluate tissue distribution and anti-car-
cinoma efficacy of formulated glycyrrhizin-chi-
tosan NPs. The study result revealed that glycyr-
rhizin promoted the internalisation and rapid
cellular uptake of paclitaxel.l

Toxicological concerns associated

with liquorice novel formulations

Novel carriers have unique properties such as
small size and large surface area that enhanc-
es the risk of toxicity. Major factors responsible
for their toxicity are dose, route of administra-
tion and extent of distribution within the body.
Numerous harmful effects of different herbal
novel formulations are documented in studies.
For example, protein and herbal based nanopar-
ticles have been shown to cause hepatotoxicity,
nephrotoxicity as well as increases the oxidative

Table 5: Marketed formulations of liquorice
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stress and have the potential to enter the cell
nucleus. It is still unknown how the safety and
risk ratio affect the producer and the patient.}?
Furthermore, because of their high biocom-
patibility, novel carriers can migrate through-
out the body, as a result they have capability to
pass across the biological cell membranes, skin
barriers and blood brain barrier, which leads
to non-specific interaction within the body and
enhanced toxicity at the cellular and tissue lev-
el. The possible toxicological effects of novel for-
mulations are immunotoxicity, oxidative stress,
DNA damage, cytotoxicity, mutations and neuro-
toxicity.103

Marketed liquorice encapsulated
formulations

The different marketed liquorice encapsulated
novel formulations have been represented sys-
tematically in Table 5.

N Company name Brand name Composition Therapeutic applications
1 Livestamin Liquorice Liquorice 500 mg, capsule Aids in hormonal balance and improves digestion
9 Inlife Liquoriceyashtimadhu, Yashtimadhu, Glycrrhiza glabra, Treats heart burn, acid reflux and improves
Glycyrrhiza glabra 20 % Glycyrrhinic acid digestion

Vitamins, fats, cholestrol,

3 Urban platter Mulethi powder

sodium, potassium, proteins,
carbohydrates

Aids throat ache and improves digestion

VLCC Natural Lo
4 . Liquorice cold cream
Sciences

Rose petals, liquorice
extracts, vitamin E

Heals and softens the rough dry skin and prevents
skin breakouts

Skin brightening

5 Eva Naturals S
serumliquorice extract

Lactic acid, vitamin E, CoQ10,
vitamin C, organic aloe

Eliminate spots, brightens and softens the face

Future perspectives

Liquorice (G glabra) is a widely used herb that
offers a plethora of applications. To ensure its
site-specific delivery, novel formulations demon-
strate significant therapeutic potential in the
management of a variety of diseases, including
cancer, inflammation and COVID-19 infection.
These innovative formulations offer promising
prospects for the treatment of diverse illnesses in
the future. They help to enhance the bioavailabil-
ity, as well as the therapeutic efficacy of liquorice
and protect it from early degradation. They pos-

sess the capability to effectively address the lim-
itations inherent in traditional therapies, her-
alding a new era in early disease detection and
treatment that could enhance overall patient sur-
vival rates. Furthermore, the molecular configu-
ration of liquorice plays a crucial role in creating
an amphiphilic compound capable of self-assem-
bly to generate nanoparticle-like formations. The
use of in-silico tools and molecular modelling
pave the way to obtain an in-depth understand-
ing of the molecular interactions and dynamics of
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liquorice. Molecular docking studies can also help
understand the binding affinity of liquorice with
different biological targets.

Numerous research studies have highlighted
enhanced pharmacological benefits following
the encapsulation or integration of liquorice
into nanostructures. The amalgamation of cut-
ting-edge technologies like 3D printing can also
help to refine the drug delivery systems and prog-
ress towards the avenue of personalised medi-
cine. Due to the complexities and innovations in
these delivery systems the addressal of regulato-
ry concerns are also essential. These will help to
streamline the pathway from drug development
to commercialisation. While further investiga-
tions are warranted to explore nanotoxicological
and immunological implications in greater depth,
leveraging nanomedicines may represent a prom-
ising novel approach for advancing the utilisation
and enhancement of liquorice-based nanoformu-
lations in the future.

Conclusion

Liquorice (G glabra) is a widely used herb from
the ancient times in pharmaceutical field, cos-
meceutical and food industries. Its roots have
been utilised in the treatment of various ail-
ments, particularly cancer, microbial infection
and inflammatory disorders. Different bioac-
tive components of liquorice are glycyrrhe-
tinic acid, isoflavones, glycyrrhizin. These are
responsible for anti-inflammatory, anti-cancer,
antioxidant, antimicrobial and hepatoprotec-
tive actions. Liquorice exhibits low solubility,
less stability, short biological half-life. In order
to overcome all such limitations and to enhance
the therapeutic efficacy of liquorice, different
novel formulations such as nanoparticles, na-
nomicelles, microparticles, liposomes, hydro-
gels, ethosomes etc are developed. All these
novel formulations improve its solubility, sta-
bility, protect normal healthier body cells, also
provide target site specific drug delivery that
ultimately leads to enhanced biological effect.
These developed liquorice encapsulated novel
formulations are the effective and efficient tool

for treatment of various diseases and disorders.
N\ J
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