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ABSTRACT
Background: Microglia initially undergoes chronic activation in response 
to the damages caused by stressful stimuli, such as bacterial infection 
and hypoxia. Inflammatory responses, as well as oxidative stress, 
perform crucial roles in the process of neuroinflammation, which results 
in brain damage. Glabridin is a natural organic compound with extensive 
beneficial properties such as anti‑inflammatory and antioxidant properties. 
To the best of our knowledge, there are no studies conducted on the 
anti‑neuroinflammatory activity of glabridin. Therefore, in this study, we 
aimed to investigate the potency of glabridin against the expression of 
lipopolysaccharide  (LPS)‑stimulated BV‑2  cells. Materials and Methods: 
BV‑2  cells were preincubated with glabridin followed by the LPS 
challenge. Subsequently, the cellular status of nitric oxide  (NO), reactive 
oxygen species  (ROS), prostaglandin E2  (PGE2), and pro‑inflammatory 
modulators  (interleukin  [IL]‑1β and IL‑6) were investigated and related 
signaling pathways were inspected via blotting assay. Results: Our results 
indicate that glabridin appreciably alleviated the LPS‑induced accretion 
of inducible‑NO synthase  (iNOS), PGE2, IL‑1β, and IL‑6. Moreover, it 
noticeably allayed the NO/iNOS, PGE2/cyclooxygenase‑2 protein statuses, 
and pro‑inflammatory cytokine  (tumor necrosis factor‑α) on LPS‑induced 
microglia. We also found that LPS severely increased the phosphorylation 
of  Inhibitory kappa B kinases (IKKs), IκBα, p65, and nuclear factor (NF)‑κB. 
Although glabridin supplementation suppressed the phosphorylation 
of the aforementioned molecules, LPS remarkable caused the nuclear 
interchange of NF‑κBp65. Conclusion: Glabridin alleviates LPS‑induced 
neuroinflammation in BV‑2  cells by suppressing the accumulation of 
ROS and cell death and by inhibiting the pro‑inflammatory responses via 
NF‑κB‑dependent mechanisms. According to our results, glabridin may be 
beneficial in neuroinflammation‑related neurodegenerative disorders.
Key words: BV‑2, glabridin, lipopolysaccharide, microglia, 
neuroinflammation, nuclear factor‑κB, reactive oxygen species

SUMMARY
•  Glabridin appreciably alleviated the lipopolysaccharide  (LPS)‑induced 

neuroinflammatory processes in BV‑2  cells by suppressing the nuclear 
factor‑κB (NF‑κB) activation

•  Glabridin has the potency to suppress neuroinflammation in LPS‑induced 
BV‑2  cells, thereby preventing the formation of inflammatory mediators 
leading to the activation of NF‑κB pathway.

Abbreviations used: LPS: Lipopolysaccharide; iNOS: Inducible‑nitric oxide 
synthase; ROS: Reactive oxygen species; 
NO: Nitric oxide; PGE2: Prostaglandin‑E2; 
TNF‑α: Tumor necrosis factor‑α.
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INTRODUCTION
Microglia is primarily involved in immune surveillance. In response 
to neuronal stress, microbial invasion, or inflammation, microglia 
transform into intrinsic brain macrophages taking care of phagocytosis, 
producing inflammatory cytokines, and presenting antigen.[1] It is 
extensively found in the central part of the brain, which includes the 
Substantia nigra and releases pro‑inflammatory cytokines  (e.g., tumor 
necrosis factor‑α [TNF‑α]) and interleukin [IL]‑1β), free radicals, nitric 
oxide  (NO), and reactive oxygen species  (ROS). These molecules are 
responsible for the degenerative progression in brain injury.[2] Previous 
studies have shown a strong association between the oxidative stress and 
neuroinflammation. Increased level of intracellular ROS accumulation 
triggers neuroinflammation.[3] Previous reports have pointed out that 
ROS accumulation in microglia restricts microglial functions.[4,5]

Lipopolysaccharide (LPS) activates host‑defense responses by increasing 
the oxidative stress and by releasing pro‑inflammatory mediators. It 
induces cytotoxicity in various cells, including glial cells in the central 
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nervous system  (CNS) by stimulating apoptosis.[6,7] So far, it has been 
broadly established that microglial stimulation is responsible for the 
initiation and development of numerous neurodegenerative ailments. 
Therefore, it is important to diagnose microglial activation and 
anti‑inflammatory approach might hinder the ailment development 
before irretrievable injuries and occurring of clinical signs.[8] Thereby, 
it is important to find therapeutic agents that hinder the activation 
of microglia and inhibit the production of pro‑inflammatory 
mediators. During the past few years, research on the exploration of 
anti‑inflammatory agents and plant‑based compounds has gained 
greater interest. The inflammatory conditions and excessive oxidative 
stress in the CNS have been found to be associated with the age‑related 
neurodegenerative disorders. Proper diet might be able to reduce the 
development of age‑related neurodegenerative ailments.[9‑11]

Glabridin [(R)‑4‑(3,4‑dihydro‑8,8‑dimethyl)‑2H,8H‑benzo[1,2‑b: 
3,4‑b´] dinyran‑3yl]‑1,3‑benzenediol] is a flavonoid compound, and it is 
a bioactive component present in the licorice extract.[12] It is commonly 
known as a phytoestrogen and shows antioxidant, anti‑inflammatory, 
neuroprotective, anti‑atherogenic, anti‑tumor, antinephritic, and 
antibacterial properties.[13‑15] In this study, we used murine BV‑2 cells to 
examine the anti‑neuroinflammatory activity of glabridin and investigated 
the mechanisms of action through nuclear factor‑κB (NF‑κB) signaling 
pathway.

MATERIALS AND METHODS
BV-2 cell culture and sample treatments
Immortalized murine BV‑2 microglial cells were maintained in 
Dulbecco’s Modified Eagle’s Medium supplemented with fetal bovine 
serum (5%) and 100 units/mL of penicillin/streptomycin (1%) at 37°C 
in a humidified atmosphere with 5% CO2. Briefly, the cells were cultured 
in 75 cm2 flasks until they reached 80%–90% confluency. Then, the cells 
were detached via trypsinization and subcultured in 96‑well plates and 
grown overnight. Then, glabridin was added to each well at less than 
1% concentration. The concentration of dimethyl sulfoxide (DMSO) was 
chosen in such a way that it does not cause any cytotoxicity. Next, the 
cells were preincubated with different concentrations of glabridin for 2 h 
and subsequently were challenged with LPS  (1  μg/mL) except for the 
control cells.

Cell viability assessment via 3-(4, 5-dimethy 
lthiazol-2-yl)-5-(3-carboxy methoxyphenyl)-2- 
(4-sulfop henyl)-2H-tetra zolium assay
Cell viability was examined via 3‑(4,5‑dimeth ylthiazol‑2‑yl)‑5‑ 
(3‑carboxymeth oxyphenyl)‑2‑(4‑sulfop henyl)‑2H‑tetr azolium (MTT) 
method.[16] Briefly, after attaining 80%–90% confluency, the cells in the 
96‑well plates were supplemented with glabridin  (10–100  μg/mL) for 
24 h. After this, the medium was replaced with 100 μL of fresh medium 
and 10 μL of MTT solution (5 mg/mL) and incubated for 4–6 h at 37°C. 
The formazan crystals formed were solubilized using DMSO, and the 
absorbance was read at 420–480 nm. All experiments were performed 
in triplicate.

Determination of nitric oxide production
NO produced in cells was transformed to nitrite in the growth medium 
that can be examined via a colorimetric test with Griess reagent.[17] Briefly, 
BV‑2 cells (1 × 105 cells/mL) were seeded in 6‑well plates in 2 mL culture 
medium and preincubated for 1 h with indicated doses of glabridin (10, 
25, and 50 μg/mL), prior to the incubation of cells in a medium consisting 
of LPS  (1  μg/mL) for 24  h. Culture medium (50 μL) was mixed with 
an equivalent quantity of Griess reagent `thylethylenediamine and 1% 

sulfanilamide in 5% H3PO4) in 96‑well plates and incubated for 10 min 
at 37°C under dark conditions. The nitrites formed were estimated 
using sodium nitrite  (0–100 μM) as the standard compound. The 
absorbance was read at 540 nm in a microplate reader (Tecan Trading 
AG, Switzerland). All tests were performed in triplicate.

Reactive oxygen species level
The level of ROS in both control and experimental cells was examined 
quantitatively and qualitatively by employing a fluorescent probe, 
namely 2´,7´‑dichlorodihydrofluorescein diacetate  (DCF‑DA). Briefly, 
BV‑2  cells were incubated with different concentrations of glabridin 
(10, 25, and 50 μg/mL) for 24 h. Then, both experimental and control 
cells were incubated with 20 μM DCF‑DA for 45  min at 37°C under 
dark conditions and then rinsed with phosphate‑buffered solution. 
The changes in the level of ROS were detected fluorometrically on a 
microplate reader with excitation at 485 nm and 530 nm. The intensity of 
fluorescence is relatively proportional to the level of ROS. All tests were 
performed in triplicate.

Measurement of pro-inflammatory cytokines and 
pro-inflammatory mediators
The accumulation of pro‑inflammatory mediators (IL‑1β and IL‑6) and 
prostaglandin‑E2  (PGE2) in BV‑2  cells was detected using employing 
the enzyme‑linked immunosorbent assay  (ELISA) test kits. Briefly, 
BV‑2  cells  (1  ×  105  cells/mL) were seeded in 6‑well plates in 2  mL 
medium and were preincubated for 1 h with different concentrations of 
glabridin (10, 25, and 50 μg/mL), in previous to incubating the medium 
consisting of LPS  (1  μg/mL) for 24  h. Then, the culture medium was 
analyzed for the amount of pro‑inflammatory mediators in accordance 
with the protocol of the manufacturer. The results are presented as pg/mL 
of the culture supernatant. All the tests were performed in triplicate.

Gel electrophoresis and western blotting
BV‑2 cells (1 × 106 cells) were seeded in a 6‑well plate and preincubated 
with different concentrations of glabridin  (10, 25, and 50 μg/mL) in 
previous to the LPS challenge for 24 h. Then, the cells were cooled suing 
chilled  Radioimmunoprecipitation assay buffer (RIPA buffer) consisting 
of protease inhibitors. Protein concentration was analyzed using 
Bradford’s method. Then, the proteins were identified via separation on 
a 12% sodium dodecyl sulfate–polyacrylamide gel electrophoresis. The 
proteins isolated were transferred into a nitrocellulose membrane. Then, 
the proteins were blocked with skimmed milk for 1 h and incubated in 
the presence of respective antibodies overnight at 4°C (TNF‑α, TLR4, 
cyclooxygenase‑2  [COX‑2], inducible‑nitric oxide synthase  (iNOS), 
ikβ, p50, p65, Histone H1, P‑IKKα, IKKα, P‑IkBα, P‑IkBα, and 
β‑actin) (Thermo Scientific). Next, the nitrocellulose membranes were 
processed with anti‑rabbit/mouse immunoglobulin G, horseradish 
peroxidase‑loaded secondary antibodies for 1  h at 37°C. Finally, the 
membranes were stained with the improved chemiluminescence 
detection kit and proteins were identified via gel‑documentation systems.

Statistical investigation
Data were statistically analyzed by performing a paired Student’s t‑test. 
The variations in the data were regarded as significant if P < 0.05. Data 
were presented as mean ± standard error of the mean.

RESULTS
Effect of glabridin on the viability of BV-2 cells
The cell viability of BV‑2  cells after induction with LPS and after 
preincubation with glabridin was assessed via MTT assay. According to 
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our results, glabridin was not found to be toxic to BV‑2  cells up to a 
concentration of 30 μg/mL [Figure 1]. When compared to control cells, 
40 μg/mL and 50 μg/mL glabridin showed slight cytotoxicity (P < 0.05). 
The BV‑2 cell viability was significantly reduced to almost 70% at 
100  μg/mL of glabridin. Therefore, a concentration ranging from 
10  μg/mL to 50  μg/mL of glabridin was selected to analyze the 
anti‑neuroinflammatory activity.

Alleviation of nitric oxide accumulation by glabridin 
in lipopolysaccharide-induced BV-2 cells
The effect of glabridin in alleviating the excessive accumulation of NO 
after LPS stimulation was studied in BV‑2 cells. According to the results, 
LPS induced the accumulation of NO in BV‑2  cells when compared 
to control cells  [Figure  2]. Glabridin decreased the accumulation of 
NO in a dose‑dependent manner  (P  <  0.0.5) when compared with 
LPS‑induced cells. Glabridin at 50  μg/mL concentration decreased 
the generation NO in BV‑2 cells, almost similar to the level of normal 
cells. The iNOS expression in BV‑2 cells was further analyzed through 
the Western blotting. Our results showed that glabridin downregulated 

Figure 1: The effect of glabridin on the viability of BV-2 microglial cells. 
*Significantly different (P < 0.05) as compared to the control group. Data 
are represented as mean  ±  standard error of mean of three individual 
experiments

Figure  3: The effect of glabridin on reactive oxygen species levels in 
lipopolysaccharide-induced BV-2  cells. *Significantly different  (P  <  0.05) 
as compared to the control group. #Significantly different  (P  <  0.05) 
as compared to lipopolysaccharide alone-treated group. Data are 
represented as mean  ±  standard error of mean of three individual 
experiments

the expression of iNOS in LPS‑induced BV‑2 cells in a dose‑dependent 
manner [Figure 6].

Glabridin pretreatment reduced the 
reactive oxygen species levels in 
lipopolysaccharide-induced BV-2 cells
ROS is an initial signal inducer of inflammatory reaction in 
microglia.[5] The level of ROS in LPS‑induced BV‑2 cells was detected 
through the fluorescent probe DCF‑DA, which gets oxidized by ROS 
to its fluorescing form DCF.[18] LPS‑induced BV‑2 cells demonstrated 
an increased presence of ROS than that of control cells  [Figure  3]. 
Glabridin significantly decreased the levels of ROS in LPS‑induced 
BV‑2  cells in a dose‑dependent manner. The levels of ROS in 
LPS‑induced BV‑2  cells were assuaged equally to a level of control 

Figure  2: The effect of glabridin on nitric oxide levels in 
lipopolysaccharide-induced BV-2  cells. *Significantly different  (P  <  0.05) 
as compared to the control group. #Significantly different  (P  <  0.05) as 
compared to lipopolysaccharide alone treated group. Data are represented 
as mean ± standard error of mean of three individual experiments

Figure  4: The effect of glabridin on prostaglandin-E2 levels in 
lipopolysaccharide-induced BV-2  cells. *Significantly different  (P  <  0.05) 
as compared to the control group. #Significantly different  (P  <  0.05) 
as compared to lipopolysaccharide alone-treated group. Data are 
represented as mean  ±  standard error of mean of three individual 
experiments
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cells with 50 μg/mL of glabridin treatment. This shows that glabridin 
inhibited the formation of ROS in LPS‑induced BV‑2 cells.

Suppression of prostaglandin-E2, 
interleukin-1β, and interleukin-6 by glabridin in 
lipopolysaccharide-induced BV-2 cells
Pro‑inflammatory mediators such as IL‑6, IL‑1β, and PGE2 are 
important indicators of cellular inflammatory processes. The expression 
levels of PGE2, IL‑6, and IL‑1β in LPS‑induced BV‑2 cells were examined 
by ELISA. LPS significantly upregulated the expression levels (P < 0.05) 
of PGE2 [Figure 4], IL‑6 [Figure 5], and IL‑1β [Figure 5b] in BV‑2 cells 
when compared to control cells. This effect was reversed the pretreatment 
of the cells with glabridin (P < 0.05). COX‑2 synthesizes PGE2 during 
an inflammatory reaction.[19] Hence, we evaluated the expression of 
COX‑2 via the Western blot technique. According to our results, COX‑2 
expression was significantly unregulated in LPS‑induced BV‑2 cells when 
compared with normal cells. Glabridin dose dependently decreased the 
expression of COX‑2  [Figure  6]. This shows the efficacy of glabridin 
in preventing neuroinflammation by suppressing the production of 
pro‑inflammatory mediators  (PGE2, IL‑6, and IL‑1β) and related 
enzymes (COX‑2).

Glabridin prevented the tumor necrosis factor-α, 
TLR4, and nuclear factor-κB stimulation in 
lipopolysaccharide-induced BV-2 cells
The expression patterns of pro‑inflammatory mediator TNF‑α, 
inflammatory regulator TLR4, and NF‑κB activation were investigated 
through the Western blot analysis. The expression of TNF‑α and 
TLR4 was significantly upregulated after LPS induction in BV‑2 cells 
when compared to the control cells; however, the expression was 
downregulated by glabridin in a dose‑dependent manner  [Figure  6]. 
NF‑κB activation is a pro‑inflammatory response which is initiated 
by the phosphorylation of IKKα and IκBα by external factors such as 
LPS.[5] The outcome of NF‑κB activation in LPS‑induced BV‑2 cells was 
positive as IKKα and IκBα were phosphorylated by LPS  [Figure  7]. 
The NF‑κB stimulation in LPS‑induced BV‑2  cells was further 
evidenced by the translocation of p65 and p50 heterodimers from 
the cytosol into the nucleus. The expression of NF‑κB, p65, and p50 
was upregulated by LPS [Figure 7]. The phosphorylation of IKKα and 
IκBα and the expression of p65 and p50 were reversed by glabridin 
in LPS‑induced BV‑2  cells. This shows that glabridin suppressed the 
effects of LPS‑stimulation in BV‑2 cells by alleviating pro‑inflammatory 

Figure 5: The effect of glabridin on interleukin-6 and interleukin-1β levels in lipopolysaccharide-induced BV-2 cells. *Significantly different (P < 0.05) as 
compared to control group. #Significantly different (P < 0.05) as compared to lipopolysaccharide alone-treated group. Data are represented as mean ± standard 
error of mean of three individual experiments

Figure  7: Western blot analysis on the effect of glabridin on nuclear 
factor-κB protein expressions in lipopolysaccharide-induced BV-2  cells. 
β-actin was used as internal control. Representation of three individual 
experiments is shown

Figure 6: Western blot analysis on the effect of glabridin on the expressions 
of inflammatory mediator proteins in lipopolysaccharide-induced 
BV-2 cells. β-actin was used as internal control. Representation of three 
individual experiments is shown
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mediator  (TNF‑α), inflammatory regulator  (TLR4), and the NF‑κB 
activation.

DISCUSSION
Neuroinflammation is a common manifestation in neurodegenerative 
and neurological disorders which is mediated through the activation of 
inflammatory cytokines and pathways.[7] Oxidative stress is the prime 
inducer of neuroinflammation via the formation of ROS in microglial 
cells.[20,21] The stimulation of microglia stimulates the assembly of a 
number of neuroinflammatory cytokines and mediators; therefore, 
it is important to prevent the activation of microglia. This study was 
performed to examine the anti‑neuroinflammatory potency of glabridin 
in LPS‑induced neuroinflammation in BV‑2 microglial cells. Glabridin 
demonstrates very potent antioxidant effects, but so far, there are no 
scientific findings on the anti‑neuroinflammatory activity of glabridin. 
The formation of ROS formation in LPS‑induced BV‑2  cells was dose 
dependently reversed by glabridin, which prevented the activation of the 
microglia.
NO and PGE2 are important mediators in the pathogenesis of various 
pathological and physiological inflammatory conditions.[21‑23] The 
synthesis of NO and PGE2 is catalyzed by L‑arginine via endogenous 
iNOS and arachidonic acid via COX‑2, respectively. Neuroprotection 
or inhibition of neuroinflammation can be achieved by preventing the 
formation of NO and PGE2.

[22,23] Glabridin has the potential to prevent 
the LPS‑induced increase in the level of NO and PGE2 in BV‑2 cells in a 
dose‑dependent manner. These results show that glabridin alleviates the 
expression of iNOS and COX‑2.
Pro‑inflammatory mediators directly contribute to the processes of 
neuroinflammation induced by LPS.[20,24] Hence, the expression patterns 
of pro‑inflammatory mediators such as TNF‑α, IL‑6, and IL‑1β were 
evaluated in LPS‑induced BV‑2 cells. From these findings, we can say that 
LPS substantially upregulates the expression of TNF‑α, IL‑6, and IL‑1 β, 
and glabridin suppressed the expression of pro‑inflammatory cytokine 
in a dose‑dependent manner in LPS‑induced BV‑2  cells. This finding 
suggests that glabridin alleviates LPS‑induced neuroinflammation 
via downregulating the expression of pro‑inflammatory mediators in 
BV‑2 cells.
LPS is known to be recognized by TLR4 which is located in an exterior 
of microglial cells which eventually initiates the activation of microglia 

toward inflammatory reactions.[25] It has been reported previously 
that the expression of TLR4 is upregulated during neuroinflammatory 
conditions, resulting in the stimulation of major transcription factors 
of inflammatory response such as the NF‑κB pathway.[5,25] Our results 
show that LPS stimulation upregulated the expression of TLR4 and 
activators of NF‑κB pathway such as IKKα, IκBα, NF‑κB, p65, and p50 
in BV‑2 cells. The expression of TLR4 was downregulated by glabridin 
in LPS‑induced BV‑2  cells in a dose‑dependent manner. Glabridin 
also alleviated the LPS‑induced neuroinflammation in BV‑2  cells by 
suppressing the activation of NF‑κB. Rearrangement of NF‑κB, p65, 
and p50 from the cytosol into the nuclei of microglia was prevented 
by the inhibition of IκBα phosphorylation by glabridin; therefore, the 
transcription of neuroinflammatory mediators was not initiated. These 
results show that glabridin suppresses LPS‑induced neuroinflammation 
in BV‑2  cells by alleviating the NF‑κB signaling pathway, which is a 
consequence of preventing the formation of inflammatory mediators.

CONCLUSION
The results of this study have shown that glabridin has the potential to 
prevent ROS formation and downregulate the expression of TLR4 and 
pro‑inflammatory mediators  (NO, TNF‑α, PGE2, IL‑6, and IL‑1  β). 
It can also inhibit the activation of NF‑κB, thereby ameliorating the 
neuroinflammation processes due to LPS induction in BV‑2 cells. The 
results of this study demonstrate the efficiency of glabridin as a potent 
neuroprotective agent. In summary, glabridin protected BV‑2  cells 
against LPS‑induced neuroinflammation. Therefore, glabridin can be 
utilized as an efficient neuroprotective agent. We recommend further 
research on the in vivo efficiency and other pharmacological evaluations 
of glabridin [Figure 8].
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