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BACKGROUD/OBJECTIVES: Neuroinflammation plays critical role in neurodegenerative disorders, such as Alzheimer’s disease 
(AD). We investigated the effect of three licorice varieties, Glycyrhiza uralensis, G. glabra, and Shinwongam (SW) on a mouse 
model of inflammation-induced memory and cognitive deficit. 
MATERIALS/METHODS: C57BL/6 mice were injected with lipopolysaccharide (LPS; 2.5 mg/kg, intraperitoneally) and orally 
administrated G. uralensis, G. glabra, and SW extract (150 mg/kg/day). SW, a new species of licorice in Korea, was combined 
with G. uralensis and G. glabra. Behavioral tests, including the T-maze, novel object recognition and Morris water maze, were 
carried out to assess learning and memory. In addition, the expressions of inflammation-related proteins in brain tissue were 
measured by western blotting. 
RESULTS: There was a significant decrease in spatial and objective recognition memory in LPS-induced cognitive impairment 
group, as measured by the T-maze and novel object recognition test; however, the administration of licorice ameliorated these 
deficits. In addition, licorice-treated groups exhibited improved learning and memory ability in the Morris water maze. Furthermore, 
LPS-injected mice had up-regulated pro-inflammatory proteins, such as inducible nitric oxide synthase (iNOS), cyclooxygenase-2, 
interleukin-6, via activation of toll like receptor 4 (TLR4) and nuclear factor-kappa B (NFκB) pathways in the brain. However, 
these were attenuated by following administration of the three licorice varieties. Interestingly, the SW-administered group showed 
greater inhibition of iNOS and TLR4 when compared with the other licorice varieties. Furthermore, there was a significant 
increase in the expression of brain-derived neurotrophic factor (BDNF) in the brain of LPS-induced cognitively impaired mice 
that were administered licorice, with the greatest effect following SW treatment.
CONCLUSIONS: The three licorice varieties ameliorated the inflammation-induced cognitive dysfunction by down-regulating 
inflammatory proteins and up-regulating BDNF. These results suggest that licorice, in particular SW, could be potential therapeutic 
agents against cognitive impairment.

Nutrition Research and Practice 2018;12(3):191-198; https://doi.org/10.4162/nrp.2018.12.3.191; pISSN 1976-1457 eISSN 2005-6168

Keywords: BDNF, cognitive dysfunction, glycyrrhiza, Glycyrrhiza uralensis, inflammation

INTRODUCTION2)

There is an increase in the worldwide prevalence of neurode-
generative diseases due to an increasing life expectancy [1]. 
Alzheimer’s disease (AD) is a major neurodegenerative disorder 
of the elderly that is characterized by progressive impairments 
in memory and cognitive abilities [1]. Previous research has 
characterized the neuropathology of AD as amyloid beta (Aβ) 
plaques and neurofibrillary tangles (NFTs) in the brain [2,3]. The 
mechanism underlying Aβ-related neurotoxicity is unknown; 
however, studies have reported oxidative stress from the 
over-production of reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) [4]. Furthermore, Aβ-induced oxidative 
stress activates neuroinflammation by releasing pro-inflammatory 
mediators, such as inducible nitric oxide synthase (iNOS) and 
cyclooxygenase-2 (COX-2); and inflammatory cytokines, including 
interleukin (IL)-1, -6, and -1β [5-7]. Neuroinflammation in the 
central nervous system induces disturbances in neurotrans-
mitters, a loss of neuronal cells, and cognitive deficits, which 
may eventually result in AD [6,7]. 

Lipopolysaccharide (LPS), an endotoxin isolated from Gram- 
negative bacteria, plays the important role in pathogenesis of 
inflammatory responses and neuronal damage both in vitro and 
in vivo [8-10]. LPS stimulates pro-inflammatory signaling cascades 
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via toll like receptor 4 (TLR4)-mediated signaling pathways and 
the activation of nuclear factor-kappa B (NF-κB) [11,12]. Activated 
NF-κB up-regulates the expression of inflammatory mediators 
and cytokines [12]. Subsequently, many studies have focused 
on the development of therapeutic agents to prevent AD by 
regulating inflammatory reaction using LPS-induced models 
[10,13,14].

Licorice species (Glycyrhiza species) are perennial plants 
belonging to the Leguminosae family [15]. Licorice is widely 
distributed in Asia, Europe, and the Americas. The licorice 
species, Glycyrhiza uralensis (G. uralensis) and G. glabra, are 
widely used in traditional Chinese medicine [15]. G. uralensis 
is found in Central Asia to the northeastern part of China and 
G. glabra is distributed from southern Europe to the north-
western part of China. These species are characterized by 
various pharmacological activities, including anti-oxidant, anti- 
inflammation, immune improvement, and anti-tumor effects 
[16-19]. Previous research has reported that licorice inhibits Aβ
-induced neurotoxicity in a cellular model by modulating 
oxidant stress [20]. In addition, licorice contains glycyrrhizins, 
such as glycyrrhizic acid, and flavonoids, including liquiritin, 
liquiritigenin, and isoliquiritigenin [16,21]. Glycyrrhizic acid is 
neuroprotective in different cognitive impairment-related cell 
and animal models via inhibition of oxidative and inflammatory 
damage [22-26].

Shinwongam (SW), a new single licorice variety, was developed 
by the herbal crop research division at the National Institute 
of Crop Science (NICS), Rural Development Administration in 
Korea, by combining G. uralensis and G. glabra [27]. The 
glycyrrhizin content of SW is > 3.63% and its yield was twice 
as high as G. uralensis, which is most widely used in Traditional 
Chinese Medicine [27,28]. To the best of our knowledge, no 
study has compared the effect of SW, G. uralensis, and G. glabra 
on cognition. Consequently, the present study assessed their 
effects on cognition in an LPS-induced inflammatory model. 

MATERIALS AND METHODS

Preparation of experimental material
SW, G. uralensis, and G. glabra were kindly provided by the 

herbal crop research division at the NICS (Eumseung, Korea). 
A voucher herbarium specimen has been deposited at the Korea 
Medicinal Resources Herbarium of the herbal crop research 
division. Dried slices of SW were extracted at room temperature 
for 72 h in 50% ethanol, and the solvent was evaporated in 
vacuo to create an extract with a yield of 18.5%. G. uralensis 
and G. glabra were also pulverized and extracted using the 
same method, giving extracts with yields of 12.6% and 18.3%, 
respectively.

Animals and experimental protocols
Male C57BL/6 mice (7 weeks old, 19-21 g) were purchased 

from Orient Inc. (Seongnam, Korea). Mice were housed in plastic 
cages with a 12 h light-dark cycle. The room had standard 
laboratory humidity (50 ± 10%) and temperature (20 ± 2°C). 
During the experimental period, mice were provided with free 
access to a diet (5L79, Orient Inc., Seongnam, Korea), and water. 
All experimental procedures were permitted (Approval No. 

PNU-2017-1443) using the guidelines established by the Pusan 
National University Institutional Animal Care and Use Committee 
(PNU-IACUC). 

Mice were separated into five groups (n = 6 in each group): 
Normal = 0.9% NaCl injected intraperitoneally + oral administration 
of water; Control = 2.5 mg/kg LPS (i.p.) + water (oral); GU = 2.5 
mg/kg LPS (i.p.) + G. uralensis extract (150 mg/kg/day, oral); GB
= 2.5 mg/kg LPS (i.p.) + G. glabra extract (150 mg/kg/day, oral); 

SW = 2.5 mg/kg LPS (i.p.) + SW extract (150 mg/kg/day, oral). 
We administered the licorice extracts orally by gastric gavage. 
LPS (Escherichia coli, serotype 055:B5, Sigma, St. Louis, MO, USA) 
was injected 3 times a week, and 4 h prior to behavior testing 
on the test day [29,30]. The experimental schedule is shown 
in Fig. 1.

T-maze test
Spatial cognition ability was assessed by subjecting mice to 

a spontaneous T-maze test [31]. Briefly, the mice underwent 
a maze challenge with their natural tendency to enter the left 
or right routes. The mouse was placed in the T-maze day before 
performing the task (training day) and allowed to enter the left 
route for 2 min while the right route was blocked by the door. 
On the test day, the mouse was placed in the base arm of the 
T-maze and allowed to explore left (old route) or right (novel) 
route for 2 min. During this 2 min, both routes were open. Space 
perception (%) was evaluated as the ratio of right (novel) entries 
divided by the total number of arm entries, multiplied by 100.

Novel object recognition test
This test was performed in a square black open-field 

apparatus (40 × 30 × 20 cm) [32]. Two identical objects (plastic 
bottles) were placed at fixed distances within the square field. 
The mice were then placed at the center of the square field, 
and the number of touches of each object was recorded during 
a 2-min period (training session). The mice were placed back 
into the same field at 24 h after the training session, but this 
time, one of the objects used during the training session was 
replaced with a new object (another plastic bottle). The mice 
were allowed to explore freely for 3 min, and the number of 
touches was recorded (test session). Object recognition (%) was 
calculated as a ratio of the amount of time spent exploring 
any one of the two original objects (training session) or the 
novel object (test session) divided by the total time spent 
exploring both objects.

The Morris water maze test
This test was conducted according to the procedure 

established by Morris, with slight modifications [33]. The 
apparatus used in the Morris water maze test consisted of a 
dark plastic circular pool, 80 cm in diameter, surrounded by 
a 40 cm high wall, and randomly divided into quadrants. White 
poster color was added to the pool water to make it opaque, 
and the water temperature was maintained at 22 ± 1°C. An 8 
cm diameter platform was placed 1 cm below the water surface 
in the middle of one quadrant. The position of the platform 
was unchanged during the training session. Four posters on 
the walls of the apparatus provided visual cues for navigation. 
Three training trials per day were conducted for 2 days. During 
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Fig. 1. Experimental schedule. Mice were orally administered with licorice extracts, including G. uralensis, G. glabra, and SW at concentration of 150 mg/kg/day for 7 days. 4 h prior 
to behavioral testing, mice received LPS injections (2.5 mg/kg/day, i.p., 3 times a week). LPS: Lipopolysaccharide

the training trials, the mice were placed randomly in the water 
facing the pool wall and allowed to swim for a maximum of 
60 s. The latency time required to find the platform was 
recorded. Mice that found the platform were allowed to rest 
there for 15 s. If they failed to find the platform within 60 s, they 
were placed on the platform for 15 s to help them remember. 
A probe trial of the Morris water maze test was performed 1 
day after the 2 days of training. In the primary test, the experi-
ment was performed as previously described. In the secondary 
test, the water was transparent and the number of times that 
it took the mouse to reach the platform, which was visible 1 
cm above the surface of the water, was counted. Occupancy 
of the target quadrant (%) was calculated as the percentage 
of time spent in the target quadrant during a 60 s trial.

Western blotting
Brain tissues were rapidly removed and homogenized with 

RIPA buffer containing a protease inhibitor cocktail. The homo-
genates were centrifuged at 12,000 rpm (Combi 514R, Hanil 
Science Industrial Co., Ltd., Incheon, Korea) for 30 min at 4°C. 
After the supernatant was collected, the protein concentration 
was determined using a Bio-Rad protein assay kit. Equal 
amounts of total protein were separated by 10-13% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 
After electrophoresis, proteins were transferred to a polyviny-
lidene difluoride (PVDF) membrane (Millipore, MA, USA). 
Membranes were incubated with 5% skim milk dissolved in 
phosphate-buffered saline-tween 20 (PBS-T) for 60 min, followed 
by incubation with a primary antibody in PBS-T overnight at 
4°C. The primary antibodies used were: TLR4, ß-actin (1:1000; 
Cell Signaling, Beverly, MA, USA), NF-κB p65 (phospho S536; 
1:500; Abcam, Cambridge, UK), iNOS (1:2000; Calbiochem, 
Darmstadt, Germany), COX-2 (1:1000; Merk, Darmstadt, Germany), 
IL-6, and brain-derived neurotrophic factor (BDNF, 1:200; Santa 
Cruz, Texas, USA). In addition, the membranes were incubated 
with appropriate secondary antibodies (1:1000; Cell Signaling, 
Beverly, MA, USA) for 1 h. The immunocomplexes were 
visualized by pico-enhanced peroxidase detection (ELPIS Biotech, 
Daejeon, Korea), and bands were visualised with a Davinci- 
Chemiluminescent imaging system (CoreBio, Seoul, Korea).

Statistical analysis
Data are shown as mean ± standard deviation (SD). Data were 

assessed using one-way analysis of variance (ANOVA and 
Duncan’s test for multiple comparisons. Student’s t-test was 
used to compare groups in the T-maze and novel object reco-
gnition tests. Statistical significance was considered if P < 0.05.

RESULTS

Spatial memory ability in the T-maze test
The effects of the three varieties of licorice on spatial memory 

in LPS-induced cognitive deficient mice were shown in Fig. 2. 
In contrast to the non-LPS treated normal group, there was no 
significant difference in exploration of the old and novel route 
LPS-treated control group; however, G. uralensis- and SW-treated 
groups showed significantly increased numbers of entries into 
the novel vs old route (37.08% vs 62.92% and 35.42% vs 64.58%, 
respectively). These findings indicate that G. uralensis and SW 
alleviated the LPS-induced spatial memory deficit.

Object recognition ability in novel object recognition test
Fig. 3 shows the effect of three licorice varieties on object 

recognition following LPS-induced impairment. There was no 
significant change in the recognition of old and new objects 
in the LPS-injected control group, indicating that the injection 
of LPS led to cognitive dysfunction in object recognition. However, 
the non-LPS injected normal group spent a significantly higher 
percentage of time exploring of the novel object when 
compared with the familiar object (42.17% vs 57.83%). Similarly, 
administration of G. glabra and SW led to a significantly higher 
exploration of the novel object (41.88% vs 58.13% and 35.42% 
vs 64.58%, respectively). These findings suggest that the adminis-
tration of G. glabra or SW can ameliorate LPS-induced object 
recognition impairment and SW is more effective than G. glabra.

Learning and memory in Morris water maze test
We determined whether the LPS-induced long-term memory 

deficit was improved by the administration of licorice. The 
LPS-injected mice were trained to find the hidden platform for 
2 days in a Morris water maze. On the final day, the LPS-injected 
mice group took a significantly longer time to reach the 
platform when compared with the normal group (Fig. 4). However, 
administration of G. uralensis, G. glabra, or SW reduced the time 
taken to find the hidden platform, although this did not reach 
statistical significance. In addition, we measured the time taken 
to reach the hidden and the exposed platforms on the final 
day of the water maze test. The LPS treated-control group 
showed a significantly increased latency time when compared 
with the non-treated normal group (Fig. 5A). However, adminis-
tration of licorice reduced the time to reach the hidden 
platform. To exclude the influence of the visual or exercise 
ability of mice, we tested the latency to reach the exposed 
platform; however we found no statistically significant difference 
between the groups (Fig. 5B). 
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Fig. 2. The effects of licorice extracts on spatial memory, measured by the T-maze test. Data are presented as mean ± SD. * Means the space perception route cognitive 
abilities for familiar and novel routes are significantly different (P < 0.05) as determined by Student’s t-test (n = 6 mice per group). Normal, 0.9% injection + oral administration of water; 
Control, LPS injection + oral administration of water; GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection + oral administration G. glabra (150 mg/kg/day); 
SW, LPS injection + oral administration SW (150 mg/kg/day).

Fig. 3. The effects of licorice extracts on recognition memory in the novel object recognition test. Data are presented as mean ± SD. * Means of the space perception route 
cognitive abilities for familiar and novel routes are significantly different (P < 0.05) as determined by Student’s t-test (n = 6 mice per group). Normal, 0.9% injection + oral administration 
of water; Control, LPS injection + oral administration of water; GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection + oral administration G. glabra (150 
mg/kg/day); SW, LPS injection + oral administration SW (150 mg/kg/day).

Fig. 4. The effects of licorice extracts on escape latency to the platform in the Morris water maze test. Data are presented as mean ± SD. a-b Means with different letters 
are significantly different (P < 0.05) as determined by Duncan’s multiple tests (n = 6 mice per group). Normal, 0.9% injection + oral administration of water; Control, LPS injection + oral 
administration of water; GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection + oral administration G. glabra (150 mg/kg/day); SW, LPS injection + oral 
administration SW (150 mg/kg/day).
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Fig. 5. The effects of licorice extracts on escape latency to reach a hidden platform (A) and exposed platform (B) in the Morris water maze test. Data are presented 
as mean ± SD. a-b Means with different letters are significantly different (P < 0.05) as determined by Duncan’s multiple tests. NS indicates no significant differences among experimental 
groups (n = 6 mice per group). Normal, 0.9% injection + oral administration of water; Control, LPS injection + oral administration of water; GU, LPS injection + oral administration G. uralensis
(150 mg/kg/day); GB, LPS injection + oral administration G. glabra (150 mg/kg/day); SW, LPS injection + oral administration SW (150 mg/kg/day).

Fig. 6. The effects of licorice extracts on inflammation-related protein expressions including TLR4, NF-κB p65, iNOS and COX-2 in LPS-injected mice brain. Data are 
presented as mean ± SD. a-e Means with different letters are significantly different (P < 0.05) as determined by Duncan’s multiple tests. Normal, 0.9% injection + oral administration of water; 
Control, LPS injection + oral administration of water; GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection + oral administration G. glabra (150 mg/kg/day); 
SW, LPS injection + oral administration SW (150 mg/kg/day).

The effects of inflammation on an LPS-induced mouse model
The effects of three varieties of licorice on pro-inflammatory 

proteins in the brain were shown in Fig. 6. The expression of 
the pro-inflammatory proteins, TLR4, NF-kB p65, iNOS, and 
COX-2 were significantly increased in the LPS-injected control 

group when compared with the normal group. LPS induced 
an inflammatory reaction in the brain; however, administration 
of G. uralensis, G. glabra, and SW suppressed pro-inflammation 
mediators. Furthermore, SW-administrated groups showed 
significantly attenuated expression of TLR4 and iNOS.
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Fig. 7. The effects of licorice extracts on IL-6 protein expressions in LPS-injected 
mice brain. Data are presented as mean ± SD. a-e Means with different letters are 
significantly different (P < 0.05) as determined by Duncan’s multiple tests. Normal, 0.9% 
injection + oral administration of water; Control, LPS injection + oral administration of water; 
GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection
+ oral administration G. glabra (150 mg/kg/day); SW, LPS injection + oral administration 
SW (150 mg/kg/day).

Fig. 8. The effects of licorice extracts on BDNF protein expressions in LPS-injected 
mice brain. Data are presented as mean ± SD. a-e Means with different letters are 
significantly different (P < 0.05) as determined by Duncan’s multiple tests. Normal, 0.9% 
injection + oral administration of water; Control, LPS injection + oral administration of water; 
GU, LPS injection + oral administration G. uralensis (150 mg/kg/day); GB, LPS injection
+ oral administration G. glabra (150 mg/kg/day); SW, LPS injection + oral administration 
SW (150 mg/kg/day).

The effect of LPS on inflammatory cytokines 
As show in Fig. 7, we investigated the effect of three licorice 

varieties on protein expression of inflammatory cytokines, IL-6, 
induced by LPS. The injection of LPS significantly up-regulated 
IL-6 protein expression, compared to the normal group. 
Furthermore, the administration of the three licorice varieties, 
GU, GB and SW groups, inhibited levels of IL-6.

Effects on LPS-induced BDNF protein expression
We confirmed the effect of three licorice varieties on BDNF 

protein expression in the brain of LPS-induced mice. As shown 
in Fig. 8, the LPS-injected control group showed a decline of 

BDNF protein expression when compared with the normal group. 
Furthermore, BDNF expression was significantly up-regulated in 
the SW when compared with the other licorice treatments.

DISCUSSION 

Neuroinflammation is a well-known cause of neurode-
generative disease, such as AD [6]. Aβ and NFTs are hallmarks 
in the AD brain. Furthermore, neuroinflammation can result in 
synaptic loss, neuronal cell death, and cognitive impairment 
[6,7]. Therefore, inflammation may play an important role in AD. 
Many studies have used inflammation-induced cognitive deficit 
models to search for protective and therapeutic agents against 
AD [6,7]. Intraperitoneal injection of LPS induces cognitive 
impairment in mice [8,10]. Several studies have determined the 
treatment of LPS increases inflammatory signals, accumulation 
of Aβ, and AD-like neuronal degeneration in the brain [9,10,29]. 
Therefore, we investigated the protective effect of licorice and 
its mechanism underlying the amelioration of LPS-induced 
cognitive impairment in mice. 

We confirmed the effect of licorice on spatial and novel object 
memory using the T-maze and novel objective recognition tests 
in the LPS-treated mice. These tests are widely used to evaluate 
cognitive ability, because the interests of mice are known to 
affect natural exploratory behaviors toward a novel route or 
object than old route or object [34]. Previous studies have 
shown that LPS-treated mice had reduced spatial memory in 
Y-maze test and the perception for a novel object in novel 
object recognition test [35,36]. In our results, the G. uralensis 
and SW licorice-administered mice showed higher interest in 
the novel route or object when compared with the LPS-injected 
control group. Consequently, these results confirmed that G. 
uralensis and SW improve the LPS-induced impairment of spatial 
and novel object recognition memory. 

To examine long-term cognitive ability, we conducted the 
Morris water maze test, which commonly used in rodents. 
LPS-injected mice showed learning and memory impairments 
in this test [37]; however, licorice administration led to a 
significant decrease in the time taken to reach the hidden 
platform during continuous training when compared with the 
LPS-induced control group. In addition, we evaluated the time 
taken to reach the exposed platform in each group. The results 
indicated that the protective activity from LPS-induced 
cognitive impairment was not related to visual or swimming 
abilities. Therefore, the present results suggested that admini-
stration of licorice improved long-term learning and memory 
in LPS-induced mice. It has been reported that licorice extract 
can improved spatial memory retention in behavioral tests, 
including the Morris water maze test [38,39], which is consistent 
with our results. Therefore, we suggest that licorice may play 
a promising protective role against memory and cognitive 
deficits. 

To elucidate the mechanisms underlying the protective effect 
of licorice on cognitive impairment, we measured the 
expression of different inflammatory proteins in the brain. TLR4 
is activated by LPS and stimulates the NF-κB signaling pathway 
[8]. In addition, the NF-κB pathway releases inflammatory 
mediators, such as iNOS and COX-2, and increases inflammatory 
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cytokines, such as IL-6, resulting in neuronal damage in the AD 
brain [6,40]. Previous reports have investigated LPS-injected 
cognitive impairment in mice and shown that there is an 
over-generation of iNOS, COX-2, and IL-6 by activating TLR4 and 
NF-kB [9,41,42]. The present study showed that inflammation- 
related proteins were inhibited in licorice-administrated mice 
when compared with the LPS-treated group. In addition, licorice 
extract inhibited levels of LPS-stimulated pro-inflammatory 
mediators, such as nitric oxide, iNOS, COX-2, IL-1β, and IL-6 in 
vitro [43,44]. Furthermore, the active compound in liquorice 
includes glycyrrhizin, liquiritin, and liquiritigenin, which have 
anti-inflammatory activities [45,46]. 

BDNF is extensively expressed in the brain and plays an 
important role in the maintenance of the central nervous 
system, such as cognitive ability [47]. Studies have shown that 
BDNF is lower in the brains of AD patients when compared 
with healthy controls [47-49]. In addition, neuroinflammation 
via LPS induces a significant decline in the expression of BDNF 
protein in the brain, resulting in cognitive dysfunction [50]. 
Previous studies suggest that the decline in BDNF in AD is 
associated with the activation of the NF-kB pathway in an 
LPS-injected mouse model [30]. We have confirmed this and 
further showed an increase in BDNF expression following 
treatment with three licorice varieties in LPS-induced mice. 
Therefore, we suggest that the improvement of cognitive ability 
following licorice treatment in LPS-injected mice is associated 
with the upregulation of BDNF. 

In conclusion, we have investigated the protective effect of 
three varieties of licorice, G. uralensis, G. glabra, and SW, in 
LPS-induced cognitive impairment in mice. Licorice improved 
cognitive function, suppressed pro-inflammatory proteins, and 
enhanced the expression of BDNF. Furthermore, we found that 
SW, a new species of licorice in Korea, exerted a stronger 
anti-neuroinflammatory effect when compared with the other 
licorice extracts. These results suggest a beneficial role for the 
protection and therapeutic effect of licorice on cognitive loss, 
for example in AD or neuroinflammation.
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