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Glycyrrhizic acid from licorice down-regulates
inflammatory responses via blocking MAPK and
PI3K/Akt-dependent NF-κB signalling pathways in
TPA-induced skin inflammation

Wenfeng Liu, †*ab Shun Huang,†c Yonglian Li,d Yanwen Li,a Dongli Li,a

Panpan Wu,a Quanshi Wang,c Xi Zheng ae and Kun Zhang*a

Glycyrrhizinic acid (GA), a principal component derived from licorice which is used extensively as a natural

sweetener and traditional folk herbal medicine, is attracting considerable attention because of its broad

range of bioactivities. However, the anti-inflammatory mechanism of GA on 12-O-tetradecanoylphorbol-

13-acetate (TPA)-mediated skin inflammation has not been elucidated. Herein, we investigated the anti-

inflammatory activity of GA by using a TPA-induced mouse ear model. It was indicated that GA, applied

topically onto mouse ears, effectively inhibited the TPA-mediated expressions of inducible nitric oxide

synthase (iNOS) and cyclooxygenase-2 (COX-2) in a dose-dependent manner, respectively. Mechanistic in-

vestigations demonstrated that GA down-regulated the expressions of IκBα and p65 and blocked the

phosphorylation of IκBα and p65 in TPA-induced mouse skin. Moreover, GA significantly inhibited the TPA-

mediated activation of extracellular signal-regulated kinase (ERK1/2), p38 mitogen-activated protein kinase

(MAPK), and phosphatidylinositol 3-kinase (PI3K)/Akt, which are upstream of nuclear factor-kB (NF-κB).

Taken together, these results indicated that GA, being of natural origin, may be a potential agent for

preventing inflammatory diseases.

Introduction

Inflammation in response to various activating stimuli1 is im-
plicated in the pathogenesis of a variety of diseases, including
arthritis,2 neurodegenerative diseases,3 and even several types
of cancers.4 It was demonstrated that nuclear factor-kB (NF-
κB) plays a critical role in the inflammatory response through
the release of various inducible inflammatory cytokines, such
as inducible nitric oxide synthase (iNOS) and cyclooxygenase-
2 (COX-2), which results in inflammation.5 Moreover, the cy-
tokine function in the induction of NF-κB activity through ex-
tracellular signal-regulated kinase (ERK1/2), p38 mitogen-
activated protein kinase (MAPK) and phosphatidylinositol
3-kinase (PI3K)/Akt pathways was indicated (Fig. 1).6,7 Cur-
rently, bioactive components, derived from natural products,

have contributed greatly to the discovery and development of
new therapeutic drugs in chemoprevention of inflammatory
diseases.8,9 Epidemiological studies indicated that the clinical
applications of medical plants are novel trends in medicinal
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Fig. 1 The TPA-induced over-expression of iNOS and COX-2 which
results in skin inflammation by targeting the MAPK/NF-kB and PI3K/
Akt/NF-kB pathways.
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research.10–12 Considering these, efforts focusing on finding
bioactive components from traditional folk herbal medicines
that show anti-inflammatory properties are urgently required.

Licorice, distributed in Asia and Europe,13 contains a vari-
ety of active constituents which show a wide range of biologi-
cal activities, such as anti-inflammatory,14 anti-cancer,15

neuro-protective16 and hepatoprotective activities.17 The fresh
leaves of licorice are traditionally used for wounds.18 The
roots of licorice have been used as a traditional drug for the
treatment of cough and stomachache.19 Moreover, the stems
of licorice have been widely used to treat diabetes.20 In addi-
tion, it has been confirmed that glycyrrhizic acid (GA, Fig. 2),
one of the principal components of licorice, is responsible
for licorice's bioactivities, including anti-inflammatory activ-
ity.21 Previous studies demonstrated that GA effectively
inhibited inflammatory responses by suppression of NF-κB in
a lipopolysaccharide (LPS)-stimulated macrophage model.22

Furthermore, GA was reported to attenuate the over-
expressions of tumor necrosis factor-α (TNF-α), COX-2 and
iNOS in neuronal cells in the mouse hippocampus.23 How-
ever, studies addressing the effects of GA on TPA-induced
skin inflammation and the anti-inflammatory mechanisms of
action for GA on skin inflammation are still lacking.

Here, our study aims to elucidate the molecular mecha-
nism responsible for the anti-inflammatory effects of GA.
Hence, we firstly designed to investigate the effects of GA on
skin inflammation in a TPA-induced mouse ear edema
model. Secondly, we identified the dose-dependent inhibitory
effects of GA on inflammatory mediators (iNOS and COX-2).
Moreover, further immunohistochemical analysis of the
mechanism demonstrated that GA effectively suppressed the
TPA-induced expression of NF-κB activation by inhibiting the
MAPK and PI3K/Akt signaling pathways. Consequently, GA
may be a naturally occurring anti-inflammatory agent for the
prevention of inflammatory skin diseases.

Experimental procedures
Materials

GA (purity ≥98%) was supplied by J&K Scientific Co. (Shang-
hai, China). GA at different concentrations was dissolved in a
100 μL vehicle (DMSO :methylene chloride = 20 : 80). TPA (pu-
rity >99.9%) was obtained from Qcbio Science & Technolo-
gies Co., Ltd (Shanghai, China). TPA was dissolved in acetone
at 25 μg mL−1 (w.t. = 616.84). Prednisolone was used as a ref-
erence compound. DMSO, dichloromethane and other

chemicals were used in the purest form available commercially.
iNOS (bs-2072R), COX-2 (bs-0732R) and primary antibodies
against p65 (bs-0465R), p-p65 (Ser536, bs-0982R), ERK1/2 (bs-
2637R), p-ERK1/2 (Thr202+Tyr204, bs-3016R), p38 (bs-0637R),
p-p38 (Tyr323, bs-5477R), Akt (bs-0115R), p-Akt (Ser473, bs-
0876R), p85 (bs-0128R), p-p85 (Tyr467+Tyr199, bs-3332R) and p-
IκB-α (Ser32, bs-18128R) were obtained from Bioss Biotechnol-
ogy Co. (Beijing, China). Antibodies against IκB-α (AI096) were
purchased from Beyotime Biotechnology Co. (Beijing, China).

Animals

Female BALB/c mice at 4 or 5 weeks old (approval docu-
ments: SCXK/20160041), purchased, maintained, and han-
dled using protocols approved by the Center of Animal Test
of Southern Medical University and Nanfang Hospital
(Guangzhou, China), were randomly divided into six groups
(n = 3). All the animals were group housed (25 ± 1 °C at 50%
relative humidity) and provided with standard laboratory diet
and water. All the experiments were performed in compliance
with the National Institute of Health's Guide for the Care and
Use of Laboratory Animals (the 7th edition, USA). For the
mouse ear edema model, which was described in the research
of Kim,24 both ears of the mice were topically treated with a
total of 30 μL of GA solution at doses of 50 mM, 100 mM, 150
mM and 200 mM, respectively, 15 min prior to topical applica-
tion of a total of 30 μL of TPA solution (25 μg mL−1). The mice
were then euthanized after 6 h. Two ear punches (6 mm in di-
ameter) from both ears were taken and weighed.

Control group. The animals of this group were given topi-
cal application of acetone following vehicle (DMSO :methy-
lene chloride = 20 : 80) treatment.

TPA group. The mouse ears were treated with the topical
application of only TPA following vehicle treatment.

GA group. The mouse ears of the GA group were given
pre-treatment of GA at four different concentrations in a 0.1
ml vehicle, 15 min before TPA application.Fig. 2 Chemical structure of GA.

Fig. 3 Effects of GA at four different concentrations on TPA-induced
ear edema in the female BALB/c mice. Each value is the mean ± SD
from six separate experiments performed in triplicate. *P < 0.05
(Dunnett's t-test) versus TPA-treated mice.
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Subsequently, the pharmacological experiments using the
different administration methods were performed at a dose
of 200 mM. The BALB/c mice were randomly divided into six
groups, comprising three kinds of administration methods
and their respective contrast groups (n = 3). Administration
to the mice was performed using topical application (TOPIC),
oral administration (ORAL) and intraperitoneal injection
(INTER). GA at 200 mM was administered to the mice by the
three methods and prednisolone at 5 mM (contrast groups)
was applied topically onto the mouse ears, respectively, 15
min prior to TPA treatment. The mice were then euthanized
after different times (3 h, 6 h, 12 h, 24 h and 48 h). Two ear
punches (6 mm in diameter) from both ears were taken and
weighed. Moreover, at different time (3 h, 6 h, 12 h, 24 h and
48 h) intervals, the ear thickness was measured using a dial
thickness gauge (Lux Scientific Instrument, USA), and the in-

crease in thickness in the control group was regarded as
edematous inflammation. Epidermal hyperplasia and dense
dermal leucocyte infiltration were observed as indicators of
histological changes with a microscope (Olympus, Japan) at
least in five different regions.

Histological assessment of tissue alterations

The female BALB/c mice were all sacrificed after 6 hours.
Both ears were removed in toto, fixed in 4% paraformalde-
hyde (PFA), decalcified in EDTA buffer, subjected in a se-
ries progression of dehydration, and then embedded in par-
affin. The samples were serially sectioned at 4 μm and
processed routinely for hematoxylin and eosin (H&E)
staining. The histological changes were observed under a
microscope.

Table 1 Preventive effects of GA on TPA-induced ear edema

Preventive effect

Compounds

Total dose Changes in the average weight of ear punches (mg)

(mM) 3 h 6 h 12 h 24 h 48 h

Control — 5.2 5.2 5.3 ± 0.1 5.3 ± 0.2 5.2
TPA — 8.3 ± 0.1 12.5 ± 0.3 12.4 ± 0.1 12.1 ± 0.2 11.4 ± 0.3
GA (TOPIC) 200 5.6 ± 0.1 6.1 ± 0.2a 6.1 ± 0.2a 5.9 ± 0.3a 5.9 ± 0.2a

GA (ORAL) 200 8.0 ± 0.2 12.3 ± 0.1 12.1 ± 0.3 7.5 ± 0.2a 7.4 ± 0.4a

GA (INTER) 200 7.8 ± 0.3 14.6 ± 0.5 14.1 ± 0.3a 13.5 ± 0.4 13.1 ± 0.2a

Prednisolone 5 5.4 ± 0.1 5.6 ± 0.1a 5.7 ± 0.2 5.6 ± 0.3a 5.6 ± 0.1a

a The data were presented as the mean ± S.D. for six different experiments performed in triplicate. *P < 0.1 as compared with the TPA group.

Fig. 4 Determination of TPA-stimulated mouse ears pretreated with acetone, TPA and GA at four different concentrations before TPA treatment.
(4A) H & E-stained sections of TPA-stimulated mouse ears pretreated with acetone, TPA and GA at four different concentrations before TPA
treatment. (4B) Ear thickness of TPA-stimulated mouse ears pretreated with acetone, TPA and GA at four different concentrations before TPA
treatment. (4C) Histological scores of TPA-stimulated mouse ears pretreated with acetone, TPA and GA at four different concentrations before
TPA treatment. The data were presented as mean ± S.D. *P < 0.05 (Dunnett's t-test) as compared with the TPA group. Magnification 200×.
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MicroPET-CT imaging of mouse ears

After 24 hours of GA application, microPET-CT was
conducted to evaluate the effect of GA on glucose uptake in

mouse ears from all the groups. Food was removed from the
mouse cage 12 h before the study. The animals were anesthe-
tized with 7% chloral hydrate and then intraperitoneally

Fig. 5 MicroPET-CT images and 18F-FDG uptake of TPA-induced mouse ear edema.

Fig. 6 Immunohistochemical staining of iNOS and COX-2 in mouse ears pretreated with acetone, TPA and GA at four different concentrations be-
fore TPA treatment. The data are presented as the mean ± S.D. *P < 0.05 (Dunnett's t-test) as compared with the TPA group. Magnification 200×.
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injected with 18F-fluorodeoxyglucose (18F-FDG). Sixty minutes
after 18F-FDG injection, the mice were scanned by using an
Inveon Micro-PET/CT system (Siemens Healthineers, Munich,
Germany). After PET acquisition, the microPET-CT images
were reconstructed using the microPET-CT manager (Siemens
Medical Solutions USA, Inc.). This produced mouse ear im-
ages of the mice for analysis. The region-of-interest was
drawn guided by the CT images and the tracer uptake was
measured using the software Inveon Research Workplace.
Quantification of the 18F-FDG uptake in mouse ears was
conducted to obtain the maximum standardized uptake value
(SUVmax) and mean standardized uptake value (SUVmean).25

Determination of iNOS and COX-2

After sacrifice, both ears of the female BALB/c mice were re-
moved and the deparaffinized skin sections (4 μm) were incu-
bated with 1.2% H2O2 in PBS to quench the endogenous per-
oxidase activity. The primary antibody of proliferating cell
nuclear antigen was diluted 100 times and then applied to
each section overnight at 4 °C. After washing with PBS, the

sections were incubated with a biotin-conjugated horseradish
peroxidase antibody (1 : 200) for 1 h at room temperature. Fi-
nally, the peroxidase was detected using the 3,3-
diaminobenzidine tetrahydrochloride reaction, which pro-
duced the brown spots in the epidermal tissue. The numbers
of positive staining cells were counted in five different fields
at both ends as well as in the middle for each section.

Assays of p65, phospho-p65, IκBa, phospho-IκBa, ERK1/2,
phospho-ERK1/2, p38, phospho-p38, Akt, phospho-Akt, p85,
and phospho-p85

The NF-κB activity and MAPK and PI3K/Akt signaling path-
ways were measured by immunohistochemical analysis, re-
spectively. Firstly, the mouse ears of the female BALB/c mice
were removed in toto, fixed in 4% PFA, decalcified in EDTA
buffer, subjected in a series progression of dehydration, and
then embedded in paraffin. Secondly, the samples prepared
completely were serially sectioned at 4 μm and processed rou-
tinely for staining. Thirdly, the p65, phospho-p65, IκBa,
phospho-IκBa, ERK1/2, phospho-ERK1/2, p38, phospho-p38,

Fig. 7 Immunohistochemical staining of p65, p-p65, IκBα and p-IκBα in mouse ears pretreated with acetone, TPA and GA at four different con-
centrations before TPA treatment. The data are presented as the mean ± S.D. *P < 0.05 (Dunnett's t-test) as compared with the TPA group. Magni-
fication 200×.
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Akt, phospho-Akt, p85, and phospho-p85 rabbit antibodies
(1 : 400; IHC Preferred) were incubated after heat-induced epi-
tope retrieval (HIER) with citrate buffer (pH 6.0) and steam
pretreatment for 30 minutes, and the samples were then in-
cubated with a rabbit antibody followed by a secondary anti-
body, biotinylated goat anti-rabbit IgG (bs-0295G; 1 : 200). Fi-
nally, the histological changes were examined under a
microscope.

Scoring the expression of biomarkers

For each mouse ear, ≥5 ducts per histologic type of TPA-
induced ductal lesion were scored independently by two expe-
rienced investigators not aware of the identity of the speci-
mens (×200). For iNOS, COX-2, p65, p-p65, IκBa, p-IκBa,
ERK1/2, p-ERK1/2, p38, p-p38, Akt, p-Akt, p85 and p-p85, we
used the following semi-quantitative scoring system. The
intensity of staining was scored as follows: 0, no staining; 1+,
faint; 2+, moderate; 3+, strong. 1+, 2+, and 3+ were recorded
as 1, 2, and 3 points, respectively. The extent of staining was

graded as follows: 0, no staining; 1+, ≤25% of cells positive;
2+, 26% to 50% of cells positive; 3+, ≥51% of cells positive.26

Statistical analysis

The results are presented as the mean ± SE. The data are
presented as the mean ± S.D. Comparison of more than two
groups was made with one-way analysis of variance ANOVA
followed by Dunnett's t-test. *P values less than 0.05 (*P <

0.05) were considered indicative of significance.

Results and discussion
Inhibitory effects of GA on mouse ear edema stimulated by
TPA

It is well-known that TPA is a promoter of skin tumorigene-
sis.5 Thus, to examine whether GA has any inhibitory effect
on skin inflammation, we determined the effects of GA at
four different concentrations by using a TPA-induced mouse
ear edema model. When TPA was applied topically onto the
mouse ears of the female BALB/c mice, the average weight of

Fig. 8 Immunohistochemical staining of ERK1/2, p-ERK1/2, p38, and p-p38 in mouse ears pretreated with acetone, vehicle and GA at four differ-
ent concentrations before TPA treatment. The data are presented as the mean ± S.D. *P < 0.05 (Dunnett's t-test) as compared with the TPA group.
Magnification 200×.
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the ear punches (d = 6 mm) increased drastically from 5.2 mg
to 12.5 mg (Fig. 3). Moreover, pretreatment with GA (50 mM,
100 mM, 150 mM and 200 mM) of the mouse ears before
TPA treatment caused significant decreases in the average
weight of the ear punches, resulting in 31.5, 60.3, 63.0 and
87.7%, respectively. These results indicated that pretreatment
with GA, 15 min prior to TPA treatment, resulted in a dose-
dependent decrease in the average weight of the ear punches.
Furthermore, the differences in the decrease in the average
weight of the ear punches between the TPA-induced group
and any GA-treated group were statistically significant (P <

0.05).
To evaluate the inhibitory effects of different administra-

tion routes for GA against TPA-stimulated mouse ear edema,
we applied GA at 200 mM and prednisolone at 5 mM to de-
termine the average weight variations of the ear punches af-
ter three different administration routes (TOPIC, ORAL and
INTER) at different times. The in vivo results showed that
topical application of GA significantly inhibited the average
weight of the ear punches at all times up to 48 h, while a de-

crease in the average weight after oral administration was
particularly obvious after 24 h, and intraperitoneal injection
induced an increase in the average weight (Table 1). Further-
more, the average weight after topical application decreased
by 87.1%, 87.7%, 87.5%, 89.9% and 88.7% for 5 mg of GA
onto both mouse ears at 3 h, 6 h, 12 h, 24 h and 48 h, respec-
tively. It was also demonstrated that GA at 200 mM, adminis-
tered orally, provoked an average weight decrease of 66.7%
and 64.5% at 24 h and 48 h. Additionally, prednisolone had
more potent activity in the same model. Considered together,
of the three different administration routes, the effects of GA
on the average weight by topical application persisted for the
longest time than those by other administration methods.
Moreover, topical application showed the highest inhibition,
and intraperitoneal injection provoked inflammation
induction.

It was reported that large amounts of GA administrated
orally resulted in side effects, such as severe hypertension,
hypokalemia and other signs of mineralocorticoid excess.27

Our results indicated that GA, used for transdermal

Fig. 9 Immunohistochemical staining of Akt, p-Akt, PI3K p85 and p-PI3K p85 in mouse ears pretreated with acetone, TPA and GA at four different
concentrations before TPA treatment. The data are presented as the mean ± S.D. *P < 0.05 (Dunnett's t-test) as compared with the TPA group.
Magnification 200×.
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application, may be avoidance of side effects of oral adminis-
tration. Furthermore, it is worthwhile for us to investigate the
anti-inflammatory mechanism of GA at four different concen-
trations in TPA-stimulated skin inflammation.

Effects of GA on TPA-induced mouse ear edema

Based on the ability of GA to decrease the average weight
of ear punches, we examined its effects on histological ap-
pearance in the TPA-stimulated ear edema model using
H&E staining. As shown in Fig. 4A, the control mice (ace-
tone treatment) had morphologically normal epidermis
without any significant lesion. Histological analysis indi-
cates that TPA treatment results in a marked swelling and
a significant increase in ear thickness with a large
amount of inflammatory cells infiltrating the dermis
(Fig. 4B). Furthermore, the effect of GA topically applied
onto the mouse ears was further observed on the mouse
ear histological alteration caused by TPA application with
reference to neutrophil infiltration and epidermal hyper-
plasia, as shown in Fig. 4C. The results indicate that TPA
application results in a considerable increase in leucocyte
infiltration and epidermal thickening in the TPA group as
compared with the control group. Additionally, pre-
treatment with GA dose-dependently diminishes the TPA-
stimulated leucocyte infiltration as well as hyperplasia.

It was confirmed that abnormal glucose tolerance is asso-
ciated with chronic inflammation.28 Herein, to evaluate the
relevance of GA at 200 mM to TPA-induced mouse ear edema
in mice, we determined the glucose uptake in mouse ears by
18F-FDG-PET. As shown in Fig. 5, microPET-CT imaging indi-
cated a distinct difference in 18F-FDG uptake intensity in the
mouse ears of the control and TPA groups, while topical ap-
plication of GA at 200 mM significantly decreased the 18F-
FDG uptake in the mouse ears. The results demonstrated that
GA effectively reduced the inflammatory responses stimu-
lated by TPA.

Effects of GA on TPA-induced iNOS and COX-2

It is widely recognized that the released inducible inflamma-
tory cytokines, particularly iNOS and COX-2, are key media-
tors of the cutaneous inflammatory response.29 Herein, to ex-
amine whether GA has any influence on TPA-induced iNOS
and COX-2 expression, we next determined the effect of GA at
four different concentrations (50 mM, 100 mM, 150 mM and
200 mM) on TPA-induced mouse ear edema. As described in
Fig. 6, GA, administered topically onto the mouse ears before
TPA treatment, decreased the TPA-induced expression of
iNOS and COX-2 in a dose-dependent manner. In addition,
GA at 200 mM markedly inhibited iNOS and COX-2. It was
demonstrated that the reduction in TPA-induced skin inflam-
mation may partially account for GA inhibition of the over-
expression of inducible inflammatory cytokines (iNOS and
COX-2).

Inhibitory effects of GA on NF-κB activation

It was indicated that inducible pro-inflammatory genes, such
as iNOS and COX-2, are implicated in NF-κB.30 Furthermore,
NF-κB activation, stimulated by TPA, has been found to be
modulated by multiple phosphorylations of IκBα, p50 and
p65 subunits.31 Therefore, it is of importance to determine
whether GA at four different concentrations affected TPA-
induced NF-κB activation. The immunostaining results re-
vealed that single treatment with TPA of the mouse ears dras-
tically increased IκBα degradation and p65 expression
(Fig. 7). By topical application of GA before TPA treatment,
the inhibitory effect of GA on TPA-induced degradation of
IκBα and phosphorylation of IκBα and p65 was exhibited in
a dose-dependent manner. The results suggested that GA
could block NF-κB activation, thereby down-regulating the ex-
pression of iNOS and COX-2.

Effects of GA on TPA-induced activation of the MAPK signal-
ing pathway

The MAPK signaling pathway, implicated in NF-κB activation,
was confirmed to be activated in response to pathological
stimuli in vivo.6 We herein investigated the effect of GA on
the MAPK signaling pathway in TPA-induced mouse ear
edema. As depicted in Fig. 8, treatment with TPA alone
caused a marked increase in the phosphorylation of ERK1/2
and p38 in mouse ear edema as compared to that in the ace-
tone control. However, pretreatment with GA dose-
dependently inhibited the phosphorylation of p38 and ERK1/
2 in the TPA-treated mouse ear edema model. Furthermore,
there was a significant inhibitory effect of GA at 200 mM.
Based on these results, it was suggested that GA may be a
promising anti-inflammatory agent by influencing the MAPK
signaling pathway which is well-connected with
inflammation.

Inhibitory effects of GA on TPA-induced activation of the
PI3K/Akt signaling pathway

Studies have shown that the PI3K/Akt signaling pathway is in-
volved in the TPA-induced up-expression of iNOS and COX-2
by modulating signaling via NF-κB.7 Thus, it is necessary to
further understand the regulatory effects of GA on the PI3K/
Akt signalling pathway. The results showed that TPA induced
a significant increase in Akt and PI3K p85. Moreover,
pretreatment with GA at four different concentrations signifi-
cantly suppressed the TPA-induced expression of Akt and
PI3K p85 (Fig. 9). We further confirmed that the phosphoryla-
tion of Akt and PI3K p85 was also reduced by topical applica-
tion of GA in a dose-dependent manner. It was found that GA
treatment effectively inhibited the TPA-induced activation of
the PI3K/Akt signalling pathway, thereby blocking NF-κB acti-
vation, which resulted in down-regulation of the expression
of iNOS and COX-2.

It is well-known that TPA primarily leads to the activation
of the MAPK/NF-κB and PI3K/Akt/NF-κB pathways thereby af-
fecting the over-expression of iNOS and COX-2, which are
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involved in inflammation-associated diseases.7 The animal
experimental data indicated that the anti-inflammatory
mechanism of GA, being of natural origin, was that it would
inhibit the NF-κB-dependent inflammatory response by di-
rectly targeting the MAPK and PI3K/Akt pathways.

Conclusions

In summary, GA, derived from licorice which is used exten-
sively as a natural sweetener and traditional folk herbal medi-
cine, exerts preventive effects on TPA-induced skin inflamma-
tion. It was indicated that GA dose-dependently inhibited the
TPA-induced activation of the PI3K/Akt signalling pathway,
thereby blocking NF-κB activation, which resulted in down-
regulation of the expression of iNOS and COX-2. Altogether,
the mechanistic studies provided a new insight into the
mechanism responsible for the anti-inflammatory activity of
GA. It is concluded that GA may serve as a naturally occurring
anti-inflammatory agent to prevent skin inflammation.
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