Glabridin From Glycyrrhiza- A Versatile Natural Antimicrobial Section A-Research paper

GLABRIDIN FROM GLYCYRRHIZA- A VERSATILE
E B NATURAL ANTIMICROBIAL

Lekshmy J%*, Rakesh Nagaraju?, Saraswathy G R®

Abstract:

Herbal mode of treatment has been in use since ancient times. Human evolutionary process has led to
replacement of these herbal medications with allopathic preparations. The indiscriminate and wide spread use
of antimicrobial drugs in recent years has led to acquired resistance in many microorganisms with side effects.
Hence there is an off late resurgence back to herbal medications. The roots and rhizomes of Licorice has been
identified to have been used worldwide as a herbal medicine and natural sweetner. Several species of Licorice
have been identified which includes Glycyrrhiza glabra, G. uralensis, G.inflata. In traditional medicine
Licorice has been used mainly in peptic ulcer treatment, in skin diseases, as demulcent, treatment in hepatitis
C and some pulmonary diseases. Clinical and experimental studies have suggested the anti-inflammatory, anti-
oxidant, anti-microbial, cardioprotective and hepatoprotective effects. Glabridin, an isoflavanoid present in
Glycyrrhiza glabra contributes majorily to all its properties. This review provides a comprehensive description
on the health effects of Licorice highlighting on the major constituent in it, Glabridin.
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Introduction:

Licorice refers to the roots and stolons of
Glycyrrhiza species, belonging to family
Leguminosae and is native to meditteranean and
certain areas of Asia [1]. It is a perennial herb also
called as Yastimadhuh (Sanskrit), Mulhatti (hindi),
Yastimadhuka/Atimaddhura (Kannada). About 30
species of this genus exist of which Glycyrrhiza
glabra and Glycyrrhiza uralensis are the most
common [2]. Recent research suggests that licorice
extracts and their active constituents possess a
valuable potential for improving oral health. It has
been widely used as herbal medicine dating back
to 500BC. These plants contain a variety of
secondary metabolites such as saponins,
flavonoids, chalcones, isoflavanoids. Roots of this
plant has several pharmacological properties such
as antioxidant, anti-inflammatory, antimicrobial,
immunomodulatory, hepatoprotective and
cardioprotective effects [3]. Glycyrrhizin, is a
diglucuronide of glycyrrhetinic acid and is the
active component to which all the positive
properties of drug can be attributed and is also
responsible for sweet taste of licorice [4].
Glycyrrhizin - (GL), 18-B-glycyrrhetinic  acid,
Liquiritigenin, licochalcone A and Glabridin are
the main active components which possess
antiviral and antimicrobial activities [5]. Hardly
any research has been conducted regarding the
effect of licorice extracts in relation to oral
mucosal lesions. Though many in vitro studies
have been carried out, clinical trials in this field are
scanty. Among the many compounds, only
glycyrrhizin has been clinically developed as a
drug. With additional research, there definitely will
be a niche for Licorice and its components in
dentistry. Development of effective and affordable
licorice extracts can introduce dramatic improve-
ments in treating many prevalent diseases.
Glabridin is an isoflavanoid present in licorice.
Among the constituents of licorice, Glabridin has
been found to have antioxidant, anti-inflammatory,
anti-tumour, antifibrogenic, neuroprotective, anti-
osteoporotic and anti-atherogenic properties. The
principal objective of this review is to provide a
comprehensive description on the health effects of
Licorice highlighting on glabridin.

The chemicals isolated from the roots of licorice
exhibits several medical and dental health benefits.
Experimental and clinical trials have been carried
out to confirm these effects. Properties of the active
constituents with details of experimental and
clinical trials are described below

Antiinflammatory activity:
Inflammation is the initiation point for many
chronic diseases including cardiovascular diseases,
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degenerative conditions and cancer. Among the
various compounds isolated from licorice, majority
of them exhibited anti-inflammatory effect. B-
glycyrrhitinic acid has been reported to show anti-
inflammatory properties in animal models [6]. In
in-vivo studies along with glabridin, Licochalcone
has been found to exhibit anti-inflammatory
properties [7]

Demonstration of anti-inflammatory effect was
first done by Yokoto et al. Glabridin at a
concentration of 6.25 pgm/ml inhibits 31.9% of the
COX activity stimulated by Arachidonic acid [8].
Glabridin exhibits anti-inflammatory effect in in-
vivo studies. On a study investigating on the
inhibitory effects of glabridin on inflammation by
Yokota et al using B16 murine melanoma cells and
guinea pig skins, anti-inflammatory effects of
glabridin were demonstrated by inhibition of
superoxide anion production and cyclooxygenase
activities. Herold et al in their study with
standardised hydroalcoholic extract of Glycyrrhiza
glabra has demonstrated for the first time that
extract of G. glabra efficiently inhibits eicosanoids
and leukotrienes formation in cell free systems
meaning the extract acts as a dual inhibitor of 5LO
and COX-2 activities[9] . It has been demonstrated
by C.V. Chandrasekaran et al that of the
biologically active components of licorice
glabridin exhibits significant inhibitory activity
against PGE2 (Prostaglandin E2), TXB2
(Thromboxane B2) and (Leukotriene B4) LTB4
production. [10] .Glabridin has been found to
attenuate dextran-sulphate sodium induced colonic
inflammation in mice through glabridin mediated
anti-inflammatory action on colorectal sites, which
could be a wuseful therapeutic approach in
Inflammatory bowel disease [11]

As per literature, the anti-inflammatory activities
of glabridin has been reported to be due to
inhibition of Lipopolysaccharide induced PGE-2,
IL-1, NO, TNF-a and a down regulation of
transcription factor NF-xf and AP-1[12]

Antioxidative activity:

Licorice constituents  exhibited  superoxide
scavenging activity. Licochalcone A, B,C, D,
Hispaglabridin A,B, glabridin, isoprenyl chalcone
and isoliquiritigenin have been demonstrated to
inhibit lipid peroxidation [13]

The hydroxyl groups on the B rings of glabridin
were confirmed to be the most important for its
antioxidative properties [14]. Glabridin, has been
considered as a potent antioxidant towards LDL
oxidation in both invitro and invivo studies. Two
mechanisms are supposed to act: firstly, by binding
to low density lipoprotein (LDL) and protecting its
oxidation. Secondly, it accumulating in cells such
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as macrophages, causing a decrease in cellular
oxidative stress by reducing NADPH oxidase
activation and increasing cellular glutathione.
Jong et al in 2005 have quoted that glabridin
suppressed the generation of reactive oxygen
species in murine macrophages, RAW 264.7 cells.
Haraguchi et al in 2000 have found that glabridin
inhibited lipid peroxidation in rat liver microsomes
and also protected the mitochondria from oxidative
stress [15].

In 2005, De Mambro and Fonseca have carried out
a clinical study to assess antioxidant and free
radical scavenging activities in topical formula-
tions of G.glabra extracts and the results suggested
high antioxidant activity[16]. Clinical trials
making use of this property is lacking and can be
tried in potentially malignant diseases and other
conditions of the oral cavity where antioxidant
effect can be the treatment.

Antimicrobial activity:

In recent years, due to wide spread and
indiscriminate use of antimicrobial and antifungal
drugs, many organisms have acquired resistance
with apparent side effects which has resulted in a
resurgence towards herbal remedies. Licorice
extracts showed significant antibacterial activities
against two grampositive (Bacillus subtili and
Staphylococcus aureus) and two gram-negative
(Escherichia coli and Pseudomonas aeruginosa)
bacteria which are common in causing dental
infections. Antibacterial activity of Glycyrrhiza
glabra against oral pathogens has been evaluated
and it has been found that it is effective against the
following six strains: Streptococcus mutans,
Streptococcus sanguis, Actinomyces Viscosus,
Enterococcus fecalis, Staphylococcus aureus,
Escherichia coli [17]. Based on the above
inhibitory activities against bacteria, licorice may
serve as an alternative therapy for treating dental
caries, periodontal disease, digestive anabrosis and
tuberculosis.

Glycyrrhizol A exhibits potent antibacterial effect
against Streptococcus mutans [18] . Antiviral
activity has been found be present in Glycyrrhizhic
acid, glycocoumarin, licopyranocoumarin. Lico-
chalcone A possess antiplasmodial activity along
with antileshmanial activity [19]

Glabridin has an inhibitory effect on biofilm
formation and it has shown to prevent
yeasthyphael transition in Candida albicans.
Licochalcone and glabridin have exhibited
synergestic action with nystatin in inhibiting the
growth of C.albicans [20] Antihelicobacter pylori
properties have been displayed by licorice derived
glabridin along with potent activity against
amphotericin-B resistant strains of C.albicans [21]
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. All these suggest that glabridin can be developed
as an effective antifungal agent in treating oral
C.albicans infections. As per Vivek et al in 2008,
glabridin had exhibited anti-bacterial properties
against some strains among which it was more
active against gram positive strains than negative
[22].

Anti-atherogenic activity:

Atherosclerosis is the condition in which there will
be accumulation of cholesterol and oxidised lipid
in the walls of the artery. Oxidised LDL is
considered to be cytotoxic and atherogenic.
Considered cellular sources of oxidants include
mainly NADPH oxidase and P450 enzymes. Falk
et al in his article on pathogenesis of
atherosclerosis has stated that accumulation of
oxidised LDL in macrophages and other
phagocytes comprise the early atherogenesis stage
[23]. Furhman et al has studied the effect of
glabridin in atherosclerotic apolipoprotein E
deficient mice and has demonstrated that the
compound decreased the formation of macrophage
foam cells and inhibited the development of
atherosclerotic lesions[24].

Belinky et al and Vaya et al through their studies
have also supported the above findings. The
mechanism of this activity was studied in detail
and it has been found that the intracellular
accumulation of glabridin in macrophages caused
inhibition of protein kinase C (PKC) activity which
subsequently inhibited NADPH oxidase trans-
location to the plasma membrane and thereby
affect macrophage superoxide production. As per
Yehuda et al, glabridin has the potential to
upregulate the antioxidant enzymes including
superoxide dismutase, catalase and Paroxanase 2
under stress in human monocytes[25].
Hatrahimovich et al. through their study
demonstrated that glab specifically interacted with
paroxanase enzyme and subsequently prevented its
inhibition by linoleic acid hydroperoxide[26]. To
summarise, the anti-atherogenic effect of glabridin
results from the capability of the compound in
down regulating PKC, NADPH oxidase and up-
regulating SOD, CAT, PON along with its ability
to inhibit protein markers ICAM-1 and VCAM-1,
thereby reducing vascular inflammation and
favouring healing of atherosclerotic lesions.

Neuroprotective activity:

Neuroprotective effects of glabridin have been
associated with its anti-inflammatory properties
and its anti-oxidant effect. Aaron roth et al in their
article on apoptosis in neurodegenerative diseases
has mentioned that glabridin has a protective effect
against neuronal damage that leads to apoptosis
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[27]. Cui et al in their study has demonstrated that
glabrin anticholinesterase activity along with it
causing an increase in acetyl choline levels[28].
Ofir et al in their study to test the effect of
isoflavans in serotonin reuptake , has concluded
that glabridin inhibits serotonin re-uptake and so
can be potentially beneficial in treating mild to
moderate depression [29].

Anti-osteoporotic activity:

Osteoporosis has been linked with estrogen
deficiency and Somjen et al in his comparative
study of glab and genistein (an isoflavan which is
a phytoestrogen) has observed that glabridin can
act as a phytoestrogen at lower concentrations and
also emphasizes the role of isoflavans in
modulating bone-disorders in post menopausal
women[30]. Glabridin was demonstrated to
increase the function of osteoblasts which are the
pivotal cells in bone matrix formation and
calcification through a estrogen mediated action.
Somjen et al have demonstrated in their study that
glabridin and some other isoflavans induce the
expression and increases the activity of 25
hydroxy-vitamin D(3)-1a hydroxylase [33]. Not
only estrogen, but also Vit D3 is required in
adequate concentrations for preventing osteo-
porosis. Kim et al in their study has evaluated the
effect of glabrdin on RANKL induced osteoclast
differentiation in murine osteoclast progenitor
RAW264.7 cells. They have observed that
glabridin holds great promise in inhibiting
osteoclastogenesis by inhibiting RANKL induced
activation of signalling molecules. These findings
have been suggested by authors to be useful in
treatment options in bone destructive diseases.

Estrogenic activity:

Ability of glabridin to bind to estrogen receptors
have been noted by several authors in literature. In
a study by Tamir et al, the observations point that
Glabridin induces Creatinine kinase in rat skeletal
and vascular tissues and promotes weight gain in
uterus [32]. Enough evidence present in literature
to establish it as a phytoestrogen as it can act as an
estrogen agonist in skeletal and vascular tissues.
Somjen et al and Simons et al have concluded from
their studies that glabridin exhibits both estrogen
agonist and antagonistic activity to consider it as a
Selective Estrogen Receptor Modulator (SERM)
regarding its dual mode of action [33,34].

The compounds from licorice also exhibit
hepatoprotective effect, cardiovascular, immune-
modulatory activites along with its action on
kidneys. Nakamura et al in an in-vitro model has
shown the hepato-protective effect of glycyrrhizin
[35]. Gumpricht et al in 2009 has reported that
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glycyrrhetinic acid inhibits bile acid induced
apoptosis and necrosis[36]. Some studies have
suggested that glycyrrhetinic acid has a better
hepato-protective effect when compared to
glycyrrhizin. Antiplatelet aggregation effect of
licorice compounds have been reported by Yu et al
in  2005[37]. Thrombin inhibitor effect of
glycyrrhizin - has been  demonstrated by
Franceschetti et al and isoliquiritigenin has been
found to have a vasorelaxant effect[38] . As from
literature, glycyrrhizin, glycyrrhetinic acid,
Licochalcone A and some analogues exhibited
immunomodulatory effects. Utsunomiya et al in
their research work has found out that glycyrrhizin
improved the resistance of mice against herpes
virus infection in a condition in which they were
thermally injured. Moreover glycyrrhetinic acid
improved the resistance of mice infected with LP-
BMS5 murine leukemia virus to Candida albicans
infection. In the study by Abe et al, glycyrrhizin
exhibited superior activity when compared to
glycyrrhetinic acid in inducing interferon activity
and augmenting natural Killer cell activity[39].
Glabridin and glycyrrhizin have shown anti-
nephritis effect in rat glomerular disease models.

In addition to these major properties of glabridin,
the isoflavan has few less reported bioactivities
which includes antimelanogenic activity, anti-
cancer activity, anti-tyrosinase and chemo-
preventive effects. Chemopreventive effects of
glabridin are mainly through its antiinflammatory
properties and its ability to inhibit CoX-2 enxymes
[40]. The ability to reduce cellular oxidative burst
has also been reported to be of benefit in this
bioactivity. Anticancer activities of glabridin can
be explained by two different mechanisms: one is
by inhibition of P-glycoprotein which acts as an
anti-cancer drug efflux transporter in tumour cells.
Secondly, glabridin inhibits integrin pathway,
which plays a major role in tumour metastasis[12].

Conclusion:

Since historic times, ancient traditional medicines
have been seen with an eye of speculation for their
therapeutic properties. More clinical trials need to
be conceded for standardization of these natural
merchandises to identify their efficiencies. Further
studies are definitely required to better evaluate the
effect of these extracts. The development of
effective and affordable licorice- related medicines
could introduce dramatic improvements in treating
the many prevalent diseases.

Among the many components of licorice, only
glycyrrhizin has been clinically developed as a
drug. Among the other components, glabridin has
been found to have the required properties to be
considered in treatment of potentially malignant
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disorders of the oral mucosa. In-vitro and in-vivo
trials are scanty in this field. Researchers need to
identify the potential of this compound so that it
can be benefitted in therapeutics.

Chemical structure of Glabridin
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