Tropical Journal of Pharmaceutical Research March 2023; 22 (3): 525-533

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v22i3.9

Original Research Article
v

Glabridin ameliorates DNFB-induced atopic dermatitis by
suppressing MAPK/NF-kB signaling pathways in mice

Lu Cheng?, Chuangi Huang?, Xin Xiong?, Jie Jiang?!, Fugian Wang?, Dan Zhang?,
Shuting Liu?, Yan Feng?3, Song Hu'*, Hong Zhang*

!Department of Pharmacy, 2Department of Dermatology, *Department of Pathology, Wuhan No. 1 Hospital (Wuhan Hospital of
Traditional and Western Medicine), Wuhan, China

*For correspondence: Email: huyaoshi@sina.com; dr_hong_zhang@163.com

Sent for review: 14 June 2022 Revised accepted: 27 February 2023

Abstract

Purpose: To investigate the anti-inflammatory mechanism of action of glabridin (GBD) isolated from
glycyrrhizae radix et rhizoma (Glycyrrhiza glabra L.) using atopic dermatitis (AD) mouse model.
Methods: Nuclear factor-kappa B (NF-«kB) and mitogen-activated protein kinase (MAPK) signaling
pathways were investigated. The dorsal skin and serum of 2,4-dinitrofluorobenzene (DNFB)-induced AD
mice were used to determine the levels of various inflammatory cytokines, including interferon (IFN)-y,
tumor necrosis factor (TNF)-a, interleukin (IL)-4, IL-5, IL-6, IL-13, and immunoglobulin E (IgE) by
enzyme-linked immunosorbent assay (ELISA). The relative levels of inflammation-associated mRNA
and signaling pathways were determined by real time-polymerase chain reaction (RT-PCR) and western
blotting, respectively. Hematoxylin and eosin (H&E) staining was used to assess the effect of GBD on
tissue thickening and inflammatory cell infiltration in mice with AD.

Results: Glabridin significantly relieved dorsal skin thickening, scabbing, and bleeding, and reduced the
infiltration of inflammatory cells in mice with AD (p < 0.05). The levels of IFN-y, TNF-a, IL-4, IL-5, IL-6,
IL-13, and IgE were significantly reduced (p < 0.05 or 0.01). Moreover, the relative levels of IL-6 and
IFN-y mRNA showed a significant decrease (p < 0.01). Furthermore, GBD inhibited phosphorylation of
MAPK signaling pathway and activation of NF-«B (p < 0.05 or 0.01).

Conclusion: Glabridin exerts an inhibitory effect on AD by blocking MAPK and NF-«kB signaling
pathways. This finding highlights the relationship between traditional Chinese medicine and modern AD
therapeutic methods, which should be further investigated for its potential to be developed as an
external anti-AD medicine.
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INTRODUCTION recurrent inflammatory symptoms [2] that affects

15 — 30 % of children and 2 — 10 % adults
Atopic dermatitis (AD), also known as atopic Worldwide [3]. Owing to the diversiform genotype,
eczema [1], is a refractory, chronic, allergic ~multiple individual immunities, and various
dermatosis, accompanied by intense pruritus and  environmental stimuli [4], the treatment of AD is
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challenging and it is difficult to obtain a
satisfactory therapeutic outcome. Additionally,
with an increase in age and aggravation of the
disease, patients with allergies are more likely to
develop allergic rhinitis and asthma, which
considerably affect their physical and mental
health.

The pathogenesis of AD is related to the
overactive T-helper (Th)2 immune response and
impaired barrier function of the skin. The
excessive expression of activated Th2 cytokines
such as interleukin (IL)-4, IL-5, IL-6, and IL-13
induces allergic reactions in the body and
stimulates the synthesis of immunoglobulin E
(Igg) by B cells, further aggravating the
inflammatory response. Steroid hormones and
immunosuppressants are the first-line treatment
for AD owing to their potent anti-inflammatory
and antipruritic effects. However, the long-term
use of these drugs may cause serious side
effects such as skin atrophy, and the topical use
of these products on children’s faces may cause
topical telangiectasia. Therefore, many
researchers have focused on the discovery of
drugs from natural products as alternative
therapies to improve the quality of life of patients
with AD.

Glabridin (GBD, Figure 1) is derived from the
extraction and processing of Glycyrrhiza glabra,
and is mostly used in cosmetic formulae and the
treatment of skin inflammation owing to its
prominent antioxidant, anti-inflammatory, and
melanin-inhibiting effect [5]. Although the role of
GBD in dermatitis has often been demonstrated
by its clinical efficacy, the molecular mechanism
of its anti-AD effect is still lacking. Therefore, a
mouse model of AD was used to determine the
mechanism of GBD in alleviating AD.
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Figure 1: Chemical structure of glabridin
EXPERIMENTAL

Animals

Six-week-old female BALB/c mice (total of 48)
were purchased from China Three Gorges
University. Mice were fed in specific-pathogen-
free conditions in the Experimental Animals

Center of Huazhong University of Science and
Technology and were maintained at a
temperature of 20 - 22 °C and relative humidity of
55 %. They were subjected to a 12-h/12-h
light/dark cycle and provided access to food and
water ad libitum. The procedures for all
experiments  strictly complied with  The
Guidelines for the Care and Use of Laboratory
Animals of the Institutional Animal Care and Use
Committees of the United States (2011 Edition)
[6]. The Animal Ethics Committee of Huazhong
University of Science and Technology gave
approval for the study (approval no.
HUCMS202108006).

Establishment of a mouse model of AD, and
treatment protocols

The AD model was established according to
previous studies with appropriate modifications
as shown in Figure 2. GBD (Shanghai R & D
Center for Standardization of TCM, China), 2,4-
dinitrofluorobenzene (DNFB, Sigma, USA), and
dexamethasone (DEX, Huazhong
Pharmaceutical Co., Ltd., China) were dissolved
in dimethyl sulfoxide (DMSO, Dalian Meilum
Biotechnology, China), organic solution (acetone
: olive oil = 4 : 1), and saline, respectively. Mice
were randomly and evenly divided into 6 groups
(n = 8), and their dorsal hair was shaved with an
electric shaver (Philips, Netherlands) and then
the remaining hair was removed using a
depilatory cream (Veet, France) on the first day.
After 24 h, all mice except those in the normal
control (NC) group were smeared with 50 yL 0.5
% DNFB on their dorsal side as the first
stimulation. Subsequent stimulations were
performed using 20 yL of 0.2 % DNFB on days
5, 8, 11, and 14. Mice in the NC group were
smeared with DNFB-free solution (acetone : olive
oil = 4 : 1) on the corresponding days indicated
above. On days 6, 7, 9, 10, 12, 13, 15, and 16,
DEX (5 mg/kg) was intraperitoneally injected as a
positive control drug based on the body weights
of mice (0.1 mL/10 g) in the DEX group [7]. Mice
in the GBD-L, GBD-M and GBD-H groups (GBD-
L: 50 mg/mL; GBD-M: 100 mg/mL; GBD-H: 200
mg/mL) were smeared with the corresponding
GBD-DMSO solutions.

0.5% DNFB 0.2% 0.2 % 0.2% 0.2%
sensitization DNFB DNFB DNFB DNFB
1 5 8 1 14
1 1 I L 1
1 1l | 1 Tl
0 6 7 9 10 12 1B 15 16 17
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Days

GBD-L/MH; GBD-L/M/H; Sacrifice
Salinep.o.;
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GBD-L/M/H;
Salinep.o.;
DEX i,p.

GBD-L/MH;
Salinep.o.;
DEX ip.

Salinep.o.;
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Figure 2: Schematic diagram of the
administration protocol in mice with AD

drug-
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Evaluation of inflammation scores

Inflammation severity on the dorsal end of mice,
including dryness, excoriation, hemorrhage,
scaling, and scabbing, were physically evaluated
by two researchers who did not participate in any
other aspect of this experiment and assigned
scores as follows: 0 (normal), 1 (mild
inflammation), 2 (moderate inflammation), and 3
(severe inflammation) depending on the sizes of
the inflammation.

Evaluation of serum cytokine levels

Mice were anesthetized with inhaled ether, and
blood samples were obtained by cardiac
puncture within 24 h after the last administration
and quiescence overnight at 4 °C. The serum
was collected by centrifugation (4 °C for 10 min
at 1200 x g) and stored at -80 °C until
subsequent experiments. Tumor necrosis factor
(TNF)-q, interferon (IFN)-y, IL-4, IL-5, IL-6, IL-13,
and IgE contents in serum samples were
guantified using the corresponding enzyme-
linked immunosorbent assay (ELISA) kits
(eBioscience, USA) according to manufacturer's
instruction.

Quantitative real-time chain
reaction (QRT-PCR)

polymerase

Total RNA was collected using Trizol reagent
(Invitrogen, USA), which was then synthesized
into cDNA following the instructions of reverse
transcriptional kit (Reverse Transcriptase M-
MLV, Promega® USA) and amplified using
guantitative PCR (ABI PRISM® 7500 Sequence
Detection System) with specific oligonucleotide
primers (Sangon Biotech, China) of IL-6 or IFN-y.

Table 1: Oligonucleotide primer sequences used in
gRT-PCR

Gene Primer Sequence (5'-3')
Forward CTCTGAGACAATGAAC
IFN-y GCTACACACT
Reverse TGGCAGTAACAGCCAG
AAACAG
Forward GATGCTACCAAACTGG
IL-6 ATATAATC
Reverse GGTCCTTAGCCACTCCT
TCTGTG
Forward ACCACAGTCCATGCCAT
CAC
EERER Reverse TCCACCACCCTGTTGCT
GTA

The programmed temperature conditions were
as follows: 2 min at 50 °C, 2 min at 95 °C, 95 °C
for 15 s, and 60 °C for 32 s, repeated for 40
cycles. The relative amounts of IL-6 and IFN-y

mRNA were measured using fluorescence
quantification kits (SYBR® Green, Invitrogen).
The specific oligonucleotide primer sequences
used are shown in Table 1.

Western blotting (WB)

Proteins were extracted from the dorsal skin of
mice using RIPA kits (Pierce Biotechnology,
USA), separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE),
then transferred to polyvinylidene difluoride
(PVDF) membranes (0.45 mm, MILLIPORE,
USA), and blocked in Tris-buffered saline of 5 %
skim milk at 22 °C for 60 min. After being washed
with Tris-buffer, the PVDF membranes were
incubated with the corresponding primary
antibodies (dilution ratio of 1 2000, Cell
Signaling Technology, USA) overnight at 4 °C,
the membranes were washed 3 times and
incubated with secondary antibody for 1 h at 22
°C. The membranes were washed again 3 times
with Tris-buffer containing 0.1 % (v/v) Tween® 20
and incubated for 2 min in chemiluminescence
solution (MILLIPORE, USA). The grey intensity
of bands was quantified by Gel Imaging System
(Bio-Rad, CA) at the final step.

Histological examination

After sacrificing the mice, the dorsal skin was
completely soaked in 10 % neutral formalin, fixed
at 4 °C for 24 h, embedded with paraffin, and
sectioned into 4 um slices. The sections were
dewaxed with xylene and gradient concentrations
of ethanol, stained with hematoxylin and eosin (H
& E), and transparentized with xylene for
observation using an optical microscope
(Olympus BX53, Japan) equipped with a digital
camera (Olympus DP22, Japan).

Statistical analysis

Experimental data are expressed as mean *
standard error of the mean (SEM). Least
significant difference (LSD) between groups was
calculated using SPSS 20.0. P < 0.05 was
considered statistically significant.

RESULTS
Severity of AD

The clinical features and dermatitis scores of
DNFB-induced AD mice are shown in Figures 3
A and B, respectively. Signs of scabbing,
epidermal thickening and bleeding caused by dry
cracking were more conspicuous in mice in the
DNFB group compared with those in the NC
group. The epidermal injury was significantly
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alleviated in mice in the GBD-M/H groups
contrasted with those in the DNFB group (Figure
3 A). From days 4 to 16, the dermatitis scores
were significantly elevated in DNFB mice

contrasted with those in the NC group (Figure 3
B; P < 0.01), especially after day 7. From day 10
onward, the dermatitis scores in the GBD groups
were significantly decreased versus the DNFB
group mice (p < 0.01).

NC DNEB DEX GBD-H  GBD-M

w

Dermatits Score

Figure 3: Anti-atopic dermatitis (AD) effect of glabridin
(GBD) on DNFB-induced mice (n = 8). (A) Clinical
symptoms of AD in representative mice in each group.
(B) Dermatitis scores converted according to clinical
symptoms of each group. Key: NC: normal control;
DNFB: 2,4-dinitrofluorobenzene (DNFB)-induced mice;
DEX: DNFB-induced and dexamethasone injected (5
mg/kg) mice; GBD-L: DNFB-sensitized mice + GBD-L
(50 mg/mL); GBD-M: DNFB-induced mice + GBD-M
(100 mg/mL); GBD-H: DNFB-sensitized mice + GBD-H
(200 mg/mL). ##P < 0.01; *p < 0.05, **p < 0.01

Serum cytokines levels in mice with AD

Atopic dermatitis manifests as abnormal Th
cytokine and IgE levels [8]. Cytokine and IgE
levels in the DNFB group increased significantly
compared with those in the NC group (Figure 4;
p < 0.01), whereas GBD intervention significantly
inhibited IL-4, IL-5, IL-6, IL-13, IFN-y, TNF-a, and
IgE production in a dose-dependent manner (p <
0.01).
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Figure 4. Effects of glabridin (GBD) on IFN-y (A),
TNF-a (B), IL-4 (C), IL-5 (D), IL-6 (E), IL-13 (F), and
IgE (G) levels in the skins of mice with AD (n = 8).
Key: NC: normal control; DNFB: DNFB-sensitized
mice; DEX: DNFB-sensitized mice + dexamethasone
injection (5 mg/kg); GBD-L: DNFB-sensitized mice +
GBD-L (50 mg/mL); GBD-M: DNFB-sensitized mice +
GBD-M (100 mg/mL); GBD-H: DNFB-sensitized mice
+ GBD-H (200 mg/mL). #Significant difference from
NC, P < 0.01, *p < 0.05 and **p < 0.01 versus the
DNFB group

Relative contents of IFN-y and IL-6 mMRNA

Changes in mRNA levels of specific inflammatory
cytokines serve as indicators of the inflammatory
response [9]. The IL-6 and IFN-y, which are
considered the key cytokines in AD genesis, are
selected to study the effects of GBD in AD.
Quantitative real-time PCR results are reported
in Figure 5. The relative contents of IL-6 and IFN-
y mRNA in the DNFB group were significantly
higher compared with those in the NC group (p <
0.01), whereas the levels in the GBD-L, GBD-M,
and GBD-H groups were significantly decreased
compared with those in the DNFB group (p <
0.01). The mRNA levels of IL-6 in the GBD-M
and GBD-H groups decreased significantly
compared with those in the DNFB group (p <
0.01).
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Figure 5: Effects of glabridin (GBD) on the mRNA
expression of IFN-y (A) and IL-6 (B); (n = 8). Key: NC:
normal control; DNFB: 2,4-dinitrofluorobenzene
(DNFB)-induced mice; DEX: DNFB-induced and
dexamethasone injected (5 mg/kg) mice; GBD-L:
DNFB-sensitized mice + GBD-L (50 mg/mL); GBD-M:
DNFB-induced mice + GBD-M (100 mg/mL); GBD-H:
DNFB-sensitized mice + GBD-H (200 mg/mL). #P <
0.01; *p < 0.05, **p < 0.01

Effect of GBD on mitogen-activated protein
kinase (MAPK) and NF-kB signaling pathways

Mitogen-activated  protein  kinase  (MAPK)
signaling pathway consists of the extracellular
regulated kinase (ERK), c-jun N-terminal kinase
(JNK), and p38 MAPK, and plays a role in
regulating and stimulating the inflammatory
response. NF-kB on the other hand plays a role
in the inflammatory response and is involved in
the pathogenesis of AD [10]. Western blot result
revealed that IkB-a and cytoplasmic NF-kB p65
were positively correlated with the dose of GBD,
whereas p-p38 MAPK, p38 MAPK, p-ERK1/2,
ERK1/2, p-IJNK, JNK, total NF-kB p65, p-IkB-a,
and nuclear NF-kB p65 were negatively
correlated with the dose of GBD (Figure 6).

The gray-scale values showed that MAPK
expression in DNFB group was significantly
increased versus that in NC group (p < 0.01).
The GBD not only suppressed p38 MAPK, JNK,
and ERK production but also inhibited p38
MAPK, JNK, and ERK phosphorylation
compared with DNFB group (p < 0.01) (Figure 7
A, B, and C).

Besides, the gray-scale values of total (Figure 7
D) and nuclear (Figure 7 F) NF-kB p65, and p-
IkB-a (Figure 7 H) in DNFB group increased
significantly, whereas cytoplasmic NF-kB p65
(Figure 7 E) and IkB-a (Figure 7 G) levels were
reduced compared with that in the NC group (p <
0.01). The GBD-treated groups showed a
remarkable downregulation of total (Figure 7 D)
and nuclear (Figure 7 F) NF-kB p65, along with
the p-IkB-a (Figure 7 H) compared with the
DNFB group (p < 0.01), whereas upregulation of
cytoplasmic NF-kB p65 (Figure 7 E) and IkB-a
(Figure 7 G) was noted in the GBD-treated

groups compared with that in the DNFB group (p
<0.01).
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Figure 6: Effects of glabridin (GBD) on MAPK and NF-
kB using WB (n = 3). Relevant protein bands showing
phosphorylated p38 MAPK/p38 MAPK
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ERK (C), total NF-kB p65 (D), cytoplasmic NF-kB p65
(E), nuclear NF-kB p65 (F), IkB-a (G), and p-IkB-a (H).
Key: NC: normal control; DNFB: 2,4-
dinitrofluorobenzene (DNFB)-induced mice; DEX:
DNFB-induced and dexamethasone injected (5 mg/kg)
mice; GBD-L: DNFB-sensitized mice + GBD-L (50
mg/mL); GBD-M: DNFB-induced mice + GBD-M (100
mg/mL); GBD-H: DNFB-sensitized mice + GBD-H (200
mg/mL). #P < 0.01, *p < 0.05, **p < 0.01
Histopathological characteristics of the
dorsal skin of mice with AD

Hematoxylin and Eosin staining was performed
on the dorsal skin of mice with AD. As shown in
Figure 8, the epidermal tissue of mice from the
DNFB group showed exfoliation, dehiscing, and
significant thickening, and numerous
inflammatory cells were observed compared with
mice in the NC group. The thickness of, and
damage to epidermal tissue obtained from mice
in the GBD groups were ameliorated (Figure 9),
and the abundance of inflammatory cells was
suppressed compared with that in DNFB group

NC

DNFB

DEX

GBD-L

GBD-M

GBD-H

Figure 8: Effects of glabridin (GBD) on inflammatory
cell infiltration showing dorsal skin of mice with AD
dissected for H&E staining
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Figure 9: Effects of glabridin (GBD) on inflammatory
cell infiltration showing epidermal thickness of
infiltrating cells calculated for each group (n = 8). Key:
NC: normal control; DNFB: 2,4-dinitrofluorobenzene
(DNFB)-induced mice; DEX: DNFB-induced and
dexamethasone injected (5 mg/kg) mice; GBD-L:
DNFB-sensitized mice + GBD-L (50 mg/mL); GBD-M:
DNFB-induced mice + GBD-M (100 mg/mL); GBD-H:
DNFB-sensitized mice + GBD-H (200 mg/mL). #P <
0.01; *p < 0.05, *p < 0.01

DISCUSSION

Atopic dermatitis which usually occurs in children
is a cutaneous inflammatory condition associated
with inherited characteristics [11]. With the
worsening of AD, the patient’'s skin becomes
more sensitive and is likely to cause epidermal
damage, such as papules, erythema, and
pigmentation. Furthermore, AD usually results in
inferiority complex, anxiety, and a lack of
confidence among children, leading to sleep
disorders and other negative impacts on their
lives. Immunosuppressants and topical steroids
are currently the main therapeutic options to treat
AD. However, the long-term use of these drugs
may cause side effects such as skin thinning,
vasoconstriction, and liver and kidney toxicity.
Therefore, there is a need to discover alternative
therapies for AD management to improve patient
compliance and quality of life [12]. As a unique
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active component of G. glabra L [13], GBD has
been widely used in various premium cosmetics
and anti-dermatitis drugs owing to its excellent
skin care properties and whitening effects though
its potential anti-inflammatory mechanism is not
known. Therefore, in this study, the underlying
mechanism of GBD that is responsible for its
anti-AD effect has been investigated.

The excessive secretion of Th2 cytokines leads
to infiltration and deposition of eosinophils, mast
cells, and other immune cells, whereas histamine
release can cause skin itching, dryness,
bleeding, scabbing, and epidermal thickening in
AD. Although the epidermal symptoms in mice
with AD were conspicuous in the DNFB group,
skin damage in mice in the GBD groups was
significantly ameliorated, especially in those in
GBD-H group, and the effect was almost similar
to that of mice in DEX group. Dermatitis scores
further confirmed that GBD could alleviate
epidermal tissue symptoms with DNFB
treatment, including thickening, bleeding, and
cracking. Furthermore, microscopy findings after
H & E staining supported that epidermal
thickening was suppressed in the GBD groups,
particularly in the GBD-H and DEX groups (p <
0.01), indicating that GBD significantly
ameliorated the symptoms of AD compared with
the apparent symptoms and microscopic
pathology.

The trigger of deterioration in AD is accompanied
by abnormal secretion of Thl, Th2, and Th17
cytokines. During the process of AD, more Th
cells develop as Th2 cells and combine with
mast cells, eosinophils, and basophils to secrete
IL-4, IL-5, IL-6, and IL-13 [14]. Interleukin-4 and
IL-13 promote the synthesis of IgE and IL-5,
which are the markers of AD in serum [15] and
the key activator of the chemokine eotaxin,
respectively. Besides, IL-5 is responsible for the
infiltration of eosinophils, while excessive
eosinophils lead to increased IgE secretion.
ELISA revealed that GBD significantly inhibited
IL-4, IL-5, IL-13, and IgE; therefore, GBD could
inhibit the generation and development of AD.

The IFN-y and TNF-a are Th1 cytokines. IFN-y
inhibits IgE synthesis by suppressing B cells,
whereas TNF-a is one of the main pro-
inflammatory factors in AD associated with IL-6
release. The induced secretion of excessive IL-6
leads to the synthesis of inflammatory proteins in
the acute phase, which interferes with skin
barrier function and activates the MAPK signaling
pathway [16]. In this study, IFN-y, TNF-a, and IL-
6 were comprehensively inhibited, indicating that
GBD had a significant effect on AD.

Besides, GBD significantly suppressed IL-6 and
IFN-y mRNA levels in the dorsal skin of AD mice.
This function trend was parallel to the results
from serum ELISA. A comprehensive analysis of
ELISA and gPCR findings showed that the
inflammatory factors related to AD were
effectively inhibited by GBD, indicating the
therapeutic effect of GBD in AD.

The MAPK and NF-kB signaling pathways are
activated in successive inflammatory responses
and are especially related to the trigger and
development of AD [17]. As a pivotal signaling
pathway, MAPK not only activates NF-kB but
also promotes the transformation and secretion
of inflammatory cytokines such as TNF-a and IL-
6. In this study, GBD inhibited p38 MAPK, JNK,
and ERK phosphorylation in a dose-dependent
manner in the GBD groups compared with the
DNFB group (p < 0.01). Particularly, mice in the
GBD-H group exhibited anti-inflammatory effects
comparable with those in the DEX group (p >
0.05). These findings indicated that GBD could
effectively suppress the activation of MAPK
signaling pathway to ameliorate AD.

NF-kB is a nuclear transcription factor involved in
the secretion of cytokines when inflammation
occurs [18]. Under normal circumstances, IkB
binds to the NF-kB dimer in the cytoplasm. When
histamine, antigens, or inflammatory cytokines
stimulate cells, the phosphorylated IkB is
recognized by lysosomes and degraded. The
NF-kB dimer that is released enters the nucleus
to bind relevant DNA and transcribes a string of
inflammatory cytokines. It was observed that p-
IkB-a was significantly decreased and
cytoplasmic NF-kB p65 was significantly elevated
in mice in the GBD groups compared with DNFB
group (p < 0.01), indicating that the
phosphorylation and ubiquitination of IkBa in the
cytoplasm were inhibited. This process inhibits
the cleavage of IkB-a and the entry of NF-kB
dimer into the nucleus, thus blocking NF-«kB
activation. The reduction of nuclear NF-kB p65 in
the GBD groups was comparable with DNFB
group (p < 0.01). Further confirming that GBD
effectively suppressed the activation of NF-kB
signaling pathway in a dose-dependent manner

CONCLUSION

Glabridin inhibits the phosphorylation of p38
MAPK, JNK, and ERK, indicating that it could
inhibit the activation of MAPK signaling pathway
and block the progression of AD. Moreover,
activation of NF-kB and the inflammatory
reaction chain in the nucleus is inhibited by GBD.
These findings show that GBD could exert an
inhibitory effect on AD by blocking MAPK and
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NF-kB signaling pathways. Thus, there a likely
link between traditional Chinese medicine and
modern AD therapeutic methods, that requires
further investigation.
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