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ABSTRACT
In the traditional system of medicine, the roots and rhizomes of Glycyrrhiza glabra (family: Leguminosae) have been employed
clinically for centuries for their antiinﬂammatory, antiulcer, expectorant, antimicrobial and anxiolytic activities. The present study
was undertaken to investigate the effects of Glycyrrhiza glabra (popularly known as liquorice) on learning and memory in Object
Recognition Task (ORT) and Elevated Plus Maze (EPM) models in mice. One dose level of Aqueous Liquorice Extract (ALE) - 400mg/kg
p.o. and two doses levels of Glabridin Rich Extract (GRE5 and GRE10) i.e. 5mg/kg and 10mg/kg p.o. were administered in separate
groups of animals respectively. ALE and GRE10 treatment signiﬁcantly improved learning and memory of mice by reversing the
amnesia induced by Scopolamine hydrobromide (2mg/kg, i.p.) and Diazepam (1mg/kg, i.p.). Since, scopolamine HBr and diazepaminduced amnesia was reversed by ALE and GRE, it is possible that the beneﬁcial effect on learning and memory was due to
facilitation of cholinergic transmission in the mice brain. In the present investigation, Glycyrrhiza glabra showed promising activity
as memory enhancing agent.
Keywords: Glabridin rich extract, Acetylcholinesterase, Scopolamine hydrobromide, Diazepam.

INTRODUCTION
Medicinal herbs constitute the cornerstone of traditional
medicinal practice worldwide. Medicinal herbs are
relatively cheap and commonly available. These medicinal
plants represent a great deal of untapped reservoir of
drugs and the structural diversity of their component
molecule makes a valuable source of novel lead
compounds.1
Alzheimer’s
disease
(AD)
is
a
neurodegenerative disorder associated with a decline in
cognitive abilities; patients also frequently have
noncognitive symptoms, such as depression, apathy and
psychosis that impair daily living.2 It is the most common
form of onset of adult dementia and attention deficit
3
disorders. Centrally acting antimuscarinic drugs (like
scopolamine) impair learning and memory of rats and
4
human beings. Benzodiazepine receptor agonists such as
diazepam and alprazolam have been shown to produce
anterograde amnesia in rodents and human beings.5
Nootropic agents such as Piracetam, Donepezil® are used
primarily for improving memory, mood and behaviour.
However, the resulting side-effects like mental confusion,
muscle tremors, shivering, and headaches that are
6
associated with these agents have limited their use.
Therefore, it is worthwhile to explore the utility of
traditional medicines for the treatment of various
cognitive disorders. Ayurveda, the Indian system of
medicine, is gaining greater attention and popularity in
many parts of the world. The disease preventive and
health promotive approaches of Ayurveda, which take
into consideration the whole body, mind and spirit while
dealing with the maintenance of health promotions have
shown increasing acceptability. The ancient Ayurvedic

physicians understood the delicate cellular mechanisms
of the body and the deterioration of the functional
efficiency of the body tissues. These Ayurvedic scholars
had thus developed certain dietary and therapeutic
measures to delay ageing and rejuvenating whole
functional dynamics of the body organs. This
revitalization and rejuvenation is known as the ‘Rasayana
chikitsa’ (rejuvenation therapy). Rasayana drugs act
inside the human body by modulating the neuroendocrino-immune systems and have been found to be a
rich source of antioxidants.7 According to Ayurveda,
Alzheimer’s disease is an imbalance of vata, pitta and
kapha.
Glycyrrhiza glabra Linn. of the family Leguminosae, is a
genus of perennial herbs and shrubs distributed in the
subtropical and warm temperate regions of the world,
chiefly in the Mediterranean countries and China.8 In the
traditional system of medicine, the roots and rhizomes of
Glycyrrhiza glabra have been used clinically for their
antacid, antiulcer, anti-inflammatory, expectorant, tonic,
diuretic, laxative and sedative properties. They also
possess antipyretic, antimicrobial, antiherpes, anxiolytic
9
and memory enhancing activity.
The preliminary phytochemical evaluation of the roots
revealed that they consist of triterpene saponins,
flavonoids, isoflavonoids, coumestan derivatives, steroids
and volatile oil. Glabridin, an active constituent of
Glycyrrhiza glabra is an isoflavone used in the treatment
of cardiovascular and central nervous system disorders. It
is an effective agent for treatment of atopic dermatitis
and a promising memory enhancer in various behavioural
10
models of memory.
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Therefore, the present research work was designed to
explore and compare the memory enhancing activity of
aqueous liquorice extract and Glabridin rich extract using
Object recognition task and Elevated plus maze models.
MATERIALS AND METHODS
Experimental animals
Albino swiss mice of either sex, weighing 20-30 gm were
used for the experiment. They were housed under
standard conditions (temperature 24˚- 28˚C, relative
humidity 45-60% and 12 hr dark- light cycle) in clean
polypropylene cages and were fed with standard rodent
diet (Amrut laboratory animal feed, Pune, India) and
water ad libtium. Experimental protocols were reviewed
and approved by the Institutional Animal Ethics
Committee
(Animal
House
Registration
No.
25/1999/CPCSEA).
Acute toxicity study
Acute oral toxicity studies have been carried out in albino
wistar rats by oral route at dose levels up to 2000mg/kg
of ALE, as per OECD guidelines No.423. As the rats were
administered maximal possible dose, the LD50 value of the
ALE could not be determined.
Drugs and chemicals
All the reagents and solvents used in the study were of
analytical grade and commercially available viz: 5,5'dithio-bis-2-nitrobenzoic acid (DTNB) (Sigma Aldrich
Chemicals, Germany), Scopolamine Hydrobromide,
Acetylthiocholine iodide (Sigma Aldrich Chemicals,
U.S.A.), Piracetam (IPCA Laboratory, India) and Diazepam
(Calmpose® for injection, Ranbaxy Laboratories Ltd.,
India).
Plant material and Preparation of the extract
Aqueous Liquorice Extract (ALE):Fresh roots and stems of liquorice were collected from
Sheetal herbal products and authenticated at Agharkar
Research Institute, Pune. The roots and stems of liquorice
were shade dried and pulverized in a grinder to a coarse
powder. This powder was subjected to soxhlet extraction
using distilled water. The aqueous extract was dried over
water bath maintained at 100°C to get ALE.
Glabridin Rich Extract (GRE):30gm of dried coarse powder of liquorice roots and stems
was subjected to sonication by ethyl acetate for 30 min.
The solvent was filtered and evaporated to dryness at
40°C to get a crude extract. This crude extract was
dissolved in ethyl acetate-hexane (1:4 v/v) and subjected
to column chromatography using various proportions of
ethyl acetate-hexane viz: 1:4, 1:3, 1:2 and 1:1 v/v
respectively. Each part of eluent was collected from the
column and monitored through silica gel TLC. Fractions
with similar spots were combined to obtain GRE.11,12
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Object Recognition Task

13,14

Mice were divided into six groups of six animals each viz:
control group (untreated), toxicant group (Scopolamine
hydrobromide 2mg/kg, i.p.), standard treatment group
(Piracetam 200mg/kg, p.o.), ALE treatment group
(400mg/kg, p.o.) and GRE5 & 10 treatment groups
(5mg/kg and 10mg/kg, p.o.). The standard, ALE and GRE
were administered orally to the respective groups for 4
consecutive days, whereas toxicant scopolamine
th
hydrobromide was administered on the 5 day to all
groups except the control group immediately after
exposing them to training session. In training session mice
were allowed to explore with two similar objects (Rubik
cube of 5.4cm ×5.4cm ×5.4cm) for 5min. The retention
memory was measured 24hr after training session in
which mice were allowed to explore one familiar and one
new dissimilar object for 5min. The time spent for
exploring the familiar and the new dissimilar object was
recorded and parameters like discrimination ratio and
discrimination index were calculated.
Elevated plus maze 15,16
Mice were divided into six groups of six animals each viz:
control group (untreated), toxicant group (Diazepam
1mg/kg, i.p.), standard treatment group (Piracetam
200mg/kg, p.o.), ALE treatment group (400mg/kg, p.o.)
and GRE5 & 10 treatment groups (5mg/kg and 10mg/kg,
p.o.). The standard, ALE and GRE were administered
orally to the respective groups for 15 consecutive days,
whereas toxicant diazepam was administered 90 min
after the administration of the last dose on 15th day. The
animals were exposed to the training session after 45min
of diazepam administration. In training session mice were
placed at the end of an open arm and time taken by the
animal to move from open to close arm of the elevated
plus maze model was noted as Transfer Latency (TL). The
retention memory was measured after 24hr in terms of TL
i.e. on the 16th day and immediately animals in all the
groups were humanely sacrificed using ether.
Biochemical Estimation
Collection of Brain samples
th

The animals were sacrificed using ether on the 16 day
after measuring the transfer latency. The whole brain was
carefully removed, weighed and transferred to a glass
homogenizer and homogenized in 10%w/v 0.1M
phosphate buffer pH 7.4.
Estimation of Brain Acetycholinesterase (AChE)
The whole brain AChE was measured using Ellman
method.17,18 The endpoint was the formation of the
yellow colour because of the reaction of thiocholine with
dithiobisnitrobenzoate ions. The rate of formation of
thiocholine from acetylthiocholine iodide in the presence
of tissue cholinesterase was measured using a
spectrophotometer at 412nm every minute for a period
of 3min. AChE activity was calculated using following
formula:
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p < 0.001 when Standard group was compared with
GRE5
Where,
R = Rate in moles substrate hydrolyzed per min per g of
tissue,
∆A = Change in absorbance per min,
Co = Original concentration of tissue (mg/ml).
Statistical analysis
The results were expressed as mean ± S.E.M (n=6). The
statistical significance of differences between groups was
determined by one way analysis of variance (ANOVA),
followed by Tukey-Kramer test for multiple comparisons
among groups by using GraphPad Instat version 5.0 of
Graphpad software. Values of p <0.05 were considered
statistically significant.

Effect of ALE and GRE in Transfer latency (Elevated Plus
Maze)
Treatment with ALE (400mg/kg) and GRE5 & 10 (5mg/kg
& 10mg/kg) groups significantly (p<0.001, p<0.01 &
p<0.05) decreases transfer latency time as compared to
toxicant group (Table 2). GRE5 treated group showed
significant increase in TL (P<0.05) when compared with
standard treated group. Therefore, GRE5 treatment group
was not effective as that of Standard treatment.
Table 2: Effect of ALE and GRE on Transfer latency in
Elevated plus maze model in mice

RESULTS
Acute toxicity study

ALE (400mg/kg) and GRE5 & 10 (5mg/kg and 10mg/kg)
treated mice showed significant increase in discrimination
ratio and discrimination index (p<0.001 & p<0.01) when
compared with toxicant control group (Table 1). ALE and
GRE10 do not show significant difference in
discrimination ratio and discrimination index (P>0.05)
when compared with standard (Piracetam- 200 mg/kg).
Therefore, effect of GRE10 and ALE treated groups is
equipotent to that of standard treated group.
Table 1: Effect of ALE and GRE on Discrimination ratio and
Discrimination index in mice
Parameters / Groups

Discrimination ratio

Discrimination index

Normal Control

0.5683 ± 0.0141

0.1843 ± 0.0050

Toxicant
(Scopolamine 2mg/kg)

0.5085 ± 0.0028

Standard
(Piracetam 200mg/kg)

0.6445 ± 0.0091

ALE (400mg/kg)

0.6250 ± 0.0117

x

0.2870 ± 0.0118

x

GRE5 (5mg/kg)

0.5785 ± 0.0117

y

0.2004 ± 0.0115

y

GRE10 (10mg/kg)

0.6517± 0.0185

x

0.2942 ± 0.0108

x

a

x, m

0.1275 ± 0.0082
0.2867 ± 0.0020

a

Transfer Latency (sec)
40.850 ± 1.917

Toxicant (Diazepam 1mg/kg)
Standard
(Piracetam 200mg/kg)

59.408 ± 1.181

ALE (400mg/kg)
GRE5 (5mg/kg)
GRE10 (10mg/kg)

ALE did not exhibit any toxic or deleterious effects upto a
dose level of 2000 mg/kg orally. As the rats were
administered up to maximal possible dose, the LD50 value
of the ALE could not be determined.
Effect of ALE and GRE in Discrimination ratio and
Discrimination index (Object Recognition Task)

Parameters / Groups
Normal Control

a

39.765 ± 3.1967

x
x

41.483 ± 0.9163
y
47.292 ± 0.9438
x
40.927 ± 2.742

All values expressed as mean ± SEM, n = 6;

One-way ANOVA followed by Tukey-Kramer test is
applied for statistical analysis,
P values: x < 0.001 when Experimental groups compared
with Toxicant group
y

< 0.01 when Experimental groups compared with
Toxicant group
a

p < 0.001 when Toxicant group compared with Normal
Control
Effect of ALE and GRE in Acetycholinesterase (Elevated
Plus Maze)
The AChE activity of whole brain was markedly elevated
in toxicant (Diazepam 1mg/kg, i.p.) group (Figure 1).
However, ALE and GRE treatment group showed
significant (p<0.001, p<0.01, p<0.05) decrease in brain
AChE activity compared to toxicant group. Piracetam used
as standard drug also showed decrease in the brain AChE
activity of mice.

x, l

All values expressed as mean ± SEM, n = 6;

One-way ANOVA followed by Tukey-Kramer test is
applied for statistical analysis.
x

P values: < 0.001 when Experimental groups compared
with Toxicant group
y
< 0.01 when Experimental groups compared with
Toxicant group
a

p < 0.05 when Toxicant group compared with Normal
Control

Figure 1: Effect of ALE and GRE on Acetylcholinesterase
level in Elevated plus maze model in mice.
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All values expressed as mean ± SEM, n = 6;
One-way ANOVA followed by Tukey-Kramer test is
applied for statistical analysis,
x

P value: < 0.001 when Experimental groups compared
with Toxicant group
z

< 0.05 when Experimental groups compared with
Toxicant group
a

< 0.001 when Toxicant group compared with Normal
Control
l

< 0.05 Standard group compared with GRE5
DISCUSSION

There has been a steady rise in the number of patients
suffering from AD all over the world. AD is a genetically
heterogeneous neurodegenerative disorder, which is slow
onset but relentless in progress.19,20 There are around 35
million patients suffering from AD all over the world, out
of which United States of America alone has around 4.5
million patients. Despite the severity and high prevalence
of this disease, Allopathic system of medicine is yet to
provide
a
satisfactory
antidote.
Therefore,
neurobiologists all over the world are looking for new
directions and alternative strategies for managing this
disease of senior citizens. Therefore, we were motivated
to explore the new approach in Indian traditional system
to manage this deadly disease (AD).
In the present study, we have focused upon exploring the
potential of Aqueous liquorice extract (ALE- 400mg/kg)
and Glabridin rich extracts at two dose levels (5mg/kg &
10mg/kg) in reversing the memory deficits. Amnesia was
induced in mice and rats by intraperitoneal injection of
Scopolamine / Diazepam in Object recognition task (ORT)
and Elevated plus maze (EPM) models. Piracetam, the
established nootropic agent was used as a standard in the
present study.
Acute toxicity of ALE did not show any toxic or deleterious
effects upto 2000 mg/kg oral dose indicating low toxicity
of ALE at high doses. As the rats were administered upto
maximal possible dose, the LD50 value of ALE could not be
determined.
ORT is widely used to assess recognition memory
performance in rodents. In ORT, administration of the
anti-muscarinic agent scopolamine produces transient
memory deficit which efficiently causes disruption of the
memory in the recognition for the newer object in this
task. In this model scopolamine is administered after the
training session. Therefore, ability of mice to retain the
learned behaviour of exploring the familiar object in
training session is checked in test session (after 24hr of
training session) in which one of the familiar objects is
replaced with new object. In our study, we observed that
in test session ALE and GRE10 treatment significantly
increased the time spent for exploring the newer object
which was measured in terms of discrimination ratio and
discrimination index. The result of GRE5 was not
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comparable with ALE. The increment in discrimination
index and discrimination ratio is the indication of the
improvement in the memory.
In EPM, diazepam, a GABA mimetic agent induces
memory impairment and the subsequent inhibition of
GABAA receptors has been found to facilitate learning and
memory.21,22 In EPM, mice show natural aversion to open
and high spaces and therefore it takes lesser time to
enter in closed arms. It was suggested that Transfer
latency (TL) might be shortened if the animal has
previously experienced entering the closed arms.
Therefore, the shortened TL is related to memory. In this
study, GRE5 treatment was not as effective as the
standard treatment in improving memory whereas ALE
and GRE10 significantly reduced the TL when compared
to toxicant control.
Acetylcholine is considered as the most important
neurotransmitter involved in the regulation of cognitive
functions. Cholinergic transmission is terminated by
acetylcholine hydrolysis via enzyme Acetylcholinesterase
(AChE). This enzyme is essential in maintaining normal
function of nervous system, since it rapidly terminates the
action of acetylcholine released into the synapse. It is
believed that the action of this enzyme could affect the
underlying processes in AD. Consequently, AChE has been
potential target for prevention and treatment of
Alzheimer’s disease. ALE and GRE treatment inhibited
AChE activity significantly in the brain when compared to
toxicant control. The effects of ALE and GRE on AChE
inhibition were comparable to standard Piracetam
treatment. Our data suggest that the ameliorating effects
on memory of ALE and GRE could be explained by their
inhibition on AChE activity within the brain. This
protective effect of ALE and GRE offered against
diazepam induced amnesia might be due to indirect
facilitation of Ach level in the brain. Thus, the memory
improving activity of ALE and GRE may be attributed to its
anti-acetylcholinesterase property and may be useful as a
nootropic agent in delaying the onset and reducing the
severity of Alzheimer’s disease.
CONCLUSION
In the present study, we observed that an Indian
Ayurvedic herbal plant liquorice (Glycyrrhiza glabra)
caused reduction in Acetylcholinesterase (AChE) levels in
brain thus suggesting the anti-cholinesterase activity of
ALE and GRE might be the probable mechanism for its
memory enhancing activity. In the light of above
discussion, it may be worthwhile to explore the potential
of this plant in the prevention, treatment and
management of Alzheimer’s disease.
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