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ABSTRACT
Background: Oroxylum indicum  (L.) Kurz is a plant that has been 
extensively used as the traditional medicine in several Asian 
countries. However, the role of Oroxylum indicum seeds  (OISs) in 
the antioxidant and anti‑inflammatory functions of activated microglia 
have not yet been identified. Objectives: The present study aimed to 
investigate the anti‑inflammatory and antioxidant role of OIS extract 
in a neuroinflammatory model of lipopolysaccharide  (LPS)‑stimulated 
microglia cells. Materials and Methods: BV2 microglial cells were 
treated with OIS extract in the presence or absence of LPS for 24 h. 
Subsequently, the levels of interleukin  (IL)‑6, nitric oxide  (NO), and 
reactive oxygen species  (ROS) were detected through enzyme‑linked 
immunosorbent assay, Griess reagent, and the 2’,7’‑dichlorofluorescein 
diacetate fluorescent probe, respectively. In vitro antioxidant capacity 
was assessed through the 2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH) and 
2,2‑azinobis  (3‑ethylbenzothiazoline‑6‑sulfonic acid)  (ABTS) assays. The 
total flavonoid and phenolic contents were also investigated. Results: OIS 
extract increased the levels of antioxidants detected by the DPPH and 
ABTS assays. The total flavonoid and phenolic content of OIS extract 
was 325.64 ± 4.95 and 50.47 ± 1.53 mg/g of dried extract, respectively. 
In addition, the levels of IL‑6, NO, and ROS significantly decreased in 
LPS‑induced BV2 microglia cells following treatment with OIS compared 
with the control. Conclusion: Taken together, the results of the present 
study demonstrated the antioxidant and anti‑inflammatory properties of 
OIS in activated‑BV2 cells. Thus, OIS extract may be used as a potential 
source of nutraceuticals for the development of health food supplements 
or as a novel anti‑inflammatory herbal medicine.
Key words: Anti‑inflammatory activity, antioxidant activity, BV2 microglia, 
neuroinflammation, Oroxylum indicum seeds

SUMMARY
•  This study aimed to explore the antioxidant and anti‑inflammatory activities of 

Oroxylum indicum seed (OIS) extracts in lipopolysaccharide (LPS)‑stimulated 
BV2 microglia cells

•  OIS extract dosedependently inhibited the production of reactive oxygen 
species that were induced by LPS

•  OIS extract dose‑dependently inhibited the production of nitric oxide and 
interleukin‑6 that were induced by LPS

•  OIS presented antioxidant activities by 2,2‑diphenyl‑1‑picrylhydrazyl and 
2,2‑azinobis (3‑ethylbenzothiazoline‑6‑sulfonic acid) assay.

Abbreviations used: ABTS: 2,2‑azinobis  (3‑ethylbenzothiazoline‑
6‑sulfonic acid); AD: Alzheimer’s disease; ALS: Amyotrophic lateral 
sclerosis; DMSO: Dimethyl sulfoxide; DMEM: Dulbecco’s modified 
Eagle’s medium; DPPH: 2,2‑diphenyl‑1‑picrylhydrazyl; FBS: Fetal 
bovine serum; LPS: Lipopolysaccharide; MS: Multiple sclerosis; MSU: 
Mahasarakham University; NFkB: Nuclear factor kappa B; NO: Nitric 
oxide; PD: Parkinson’s disease; ROS: Reactive 
oxygen species; SD: Standard deviation.
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INTRODUCTION
Oroxylum indicum Vent. (O. indicum) is a plant commonly found in the 
tropical and subtropical countries, including Thailand, India, China, 
Japan, Malaysia, and Sri Lanka.[1] Major compounds that are present 
in the several parts of O. indicum include baicalein‑7‑O‑diglucoside, 
baicalein‑7‑O‑glucoside, apegenin, chrysin, oroxindin, prunetin, ellagic 
acid, sitosterol, biochanin‑A, baicalein and its 6‑  and 7‑glucuronides, 
tetuin, scutellarein, aloe‑emodin, and anthraquinone.[2‑5] Several parts 
of this plant, including the stem, seeds, fruits, roots, leaves, and bark, 
have been used to treat fever, diarrhea, cancer, jaundice, and ulcer in 
the Ayurveda and folk medicine.[1] Previous studies have demonstrated 
the anti‑inflammatory, antioxidant, anticancer, antiarthritic, antiulcer, 
hepatoprotective, photocytotoxic, anti‑proliferative, antimicrobial, 

antimutagenic, and immunostimulant properties of O. indicum, both 
in vivo and in vitro.[6‑16] A previous study also reported that the extract 
from O. indicum fruit can decrease the apoptosis of neuronal SH‑SY5Y 
cells following treatment with Aβ25‑35.[17] Although O. indicum has been 
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extensively applied as the herbal medicine in several countries, the effect 
of O. indicum seeds (OIS) on oxidative stress and neuroinflammation has 
not yet been investigated.
Oxidative stress and neuroinflammation are considered major 
pathological factors in brain aging and neurodegenerative diseases, 
such as amyotrophic lateral sclerosis, Alzheimer’s disease  (AD), 
Parkinson’s disease  (PD), and multiple sclerosis.[18‑21] Microglia 
are innate immune cells located in the central nervous system, 
which play an essential role in these processes. Chronic microglial 
activation participates in the inflammatory response by producing 
reactive oxygen species  (ROS), releasing cytokines, such as tumor 
necrosis factor α  (TNF‑α), interleukin  (IL)‑1 β, and IL‑6, as 
well as inflammatory mediators, such as nitric oxide  (NO).[22‑24] 
Overproduction of these agents endangers neuronal population. 
Thus, controlling microglial activation may be a therapeutic 
approach to the prevention and treatment of neuroinflammation and 
neurodegenerative diseases.
The present study aimed to investigate the beneficial effects of an 
ethanolic extract of OIS on the antioxidant and anti‑inflammatory 
activities in lipopolysaccharide (LPS)‑activated BV2 microglial cells.

MATERIALS AND METHODS

OIS extract
OIS extract were used as previously described.[17]

Cell culture and treatments
Murine BV2 microglial cells were kindly gifted by Dr James 
R Connor from the Department of Neurosurgery, The Pennsylvania 
State University, College of Medicine  (Hershey, PA, USA). Cells 
were maintained in Dulbecco’s modified Eagle’s medium  (DMEM) 
supplemented with 5% fetal bovine serum, 2 mM L‑glutamine, 
100 μg/ml streptomycin, and 100 U/ml penicillin (all purchased from 
HyClone; Cytiva), at 37°C in a humidified incubator with 95% O2 and 
5% CO2.
BV‑2 cells were seeded into 96‑well plates to determine cell viability. 
Once the cells reached 80% confluence, the growth medium was 
replaced with serum‑free DMEM containing different concentrations of 
OIS extract (0–50 μg/ml) in the presence or absence of LPS.
To determine the levels of NO, IL‑6, and ROS, the growth medium was 
replaced with medium containing LPS, in the presence or absence of 
specifiable concentrations of OIS extract. Cells in serum‑free DMEM 
served as the untreated control.

Cells viability assay
Cells viability assay was detected by using 3‑(4,5‑Dimethylthiazol‑2‑yl)‑
2,5‑diphenyltetrazolium bromide  (MTT) assay. Following treatment 
with different concentrations of OIS extract (0‑50 μg/ml) in the presence 
or absence of LPS for 24 h, the medium was replaced with 0.4 mg/ml 
MTT reagent  (Sigma‑Aldrich; Merck KGaA) in serum‑free DMEM. 
Following incubation with MTT for 2 h at 37°C in a humidified 
incubator with 95% O2 and 5% CO2, the MTT reagent was removed and 
the purple formazan crystals were dissolved using dimethyl sulfoxide 
and cell viability was subsequently analyzed at a wavelength of 570 nm, 
using a plate reader (Spectramax 340 PC).

Nitric oxide assay
To determine nitrite accumulation, NO levels in the cell culture 
supernatants were detected using Griess reagent (1% sulfanilamide/0.1% 
N‑(1‑naphthyl)‑ethylenediamine dinydrochloride/2.5% phosphoric 

acid) (Invitrogen; Thermo Fisher Scientific, Inc.). Briefly, 150 μl samples 
were seeded into a 96‑well plate, to which 20 μl Griess reagent and 130 μl 
deionized water were added. Following incubation for 30  min at the 
room temperature, absorbance values were detected at a wavelength of 
540 nm, using a microplate reader.

Measurement of reactive oxygen species 
generation
The 2’,7’‑dichlorofluorescein diacetate  (DCFH‑DA) fluorescent probe 
is commonly used to detect intracellular ROS production. Briefly, the 
samples were cultured with 10 μM DCFH‑DA for 20 min at 37°C with 
5% CO2. Subsequently, cells were treated with medium containing LPS, 
in the presence or absence of specifiable concentrations of OIS extract 
for 24 h. The fluorescence intensity was measured at 495 nm excitation 
and 525 nm emission filter.

Enzyme-linked immunosorbent assay
The levels of IL‑6 in the culture supernatant were detected using 
enzyme‑linked immunosorbent assay  (ELISA) kits from R&D 
System (Minneapolis, MN) according to manufacturer’s instruction. The 
supernatant was quantified at a wavelength of 450 nm, using a microplate 
reader. The level of IL‑6 in each sample was calculated with reference to 
the standard curves.

2,2-diphenyl-1-picrylhydrazyl 
 and 2,2-azinobis (3-ethylbenzothiazoline-6 
-sulfonic acid) radical scavenging activity 
assays
Total free radical scavenging capacity of OIS was determined 
through the 2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH) and 2,2‑azinobis 
(3‑ethylbenzothiazoline‑6‑sulfonic acid)  (ABTS) assays, as previously 
described.[25,26]

Determination of total flavonoid and total phenol 
contents
Total flavonoid and total phenol contents of OIS were determined, as 
previously described.[17]

Statistical analysis
Data are presented as the mean  ±  the standard error of the mean. 
One‑way ANOVA and Bonferroni post hoc test were used to compare the 
differences between multiple groups. P < 0.05 was considered to indicate 
a statistically significant difference.

RESULTS
Effects of Oroxylum indicum seed extract on cell 
viability
The MTT assay was performed to assess the cytotoxicity of OIS 
extract on BV2 cells. The results demonstrated that OIS extract 
at 50 μg/ml was not toxic against BV2 cells  [Figure  1]. Thus, 
12.5, 25.0, and 50.0 μg/ml of OIS were selected for subsequent 
experimentation.

Oroxylum indicum seed extract decreases nitric 
oxide production in lipopolysaccharide-treated 
BV-2 microglia
To determine the effect of OIS on the production of NO, the 
accumulation of nitrite was measured in the culture medium of BV2 cells 



NOOTCHANAT MAIRUAE , et al.: Oroxylum indicum Seed Extract Suppresses BV2 Microglial Activation

290 Pharmacognosy Magazine, Volume 17, Issue 74, April-June 2021

through the Griess reagent assay. As presented in Figure  2, treatment 
with LPS significantly increased NO production in BV2 cells (17.22 fold) 
compared with the control group. However, LPS microglial activation 
significantly decreased NO production in a concentration‑dependent 
manner [Figure 2].

Oroxylum indicum seed extract decreases 
reactive oxygen species production in 
lipopolysaccharide-treated BV-2 microglia
Intracellular ROS production was assessed to determine the antioxidant 
effect of OIS extract on microglia activation. As presented in Figure 3, 
treatment with LPS significantly increased ROS accumulation (2.22 fold) 
in BV‑2 cells compared with untreated cells. Following treatment with 
OIS extract, ROS accumulation significantly decreased in LPS‑activated 
BV‑2 cells in a concentration‑dependent manner [Figure 3].

Oroxylum indicum seed extract decreases IL-6 
expression in lipopolysaccharide-treated BV-2  
microglia
ELISA was performed to detect IL‑6 levels to determine the 
anti‑inflammatory properties of OIS extract in LPS‑activated BV2 

microglial cells. As presented in Figure 4, IL‑6 expression significantly 
increased in LPS‑induced BV2 cells  (132.47 fold) compared with 
the control group. However, IL‑6 level significantly decreased in 
cells treated with LPS and OIS extract in a concentration‑dependent 
manner [Figure 4].

In vitro antioxidant activities of Oroxylum indicum 
seed extract
The antioxidative potential of OIS was assessed in  vitro through the 
DPPH and ABTS assays [Table 1].

Total phenolic and flavonoid content of Oroxylum 
indicum seed extract
The values of phenolic content were 50.47 ± 1.53. In addition, the flavonoid 
content values were 325.64 ± 4.95 mg/g of dried extract [Table 2].

DISCUSSION
Oxidative stress and neuroinflammation mediated by microglial 
activation play key roles in neurodegenerative diseases.[27‑29] Oxidative 
stress usually occurs due to an imbalance between ROS production 

Figure 1: Effect of OIS on the viability of BV2 cells. BV2 cells were incubated 
with OIS extract for 24 h, in the presence or absence of 1 μg/ml LPS, and 
cell viability was determined via the MTT assay. Data are presented as the 
mean ± the standard error of the mean (n = 3). *P < 0.05, **P < 0.01 versus 
control group. OIS: Oroxylum indicum seed; LPS: Lipopolysaccharide

Figure 2: Effect of OIS on NO production. BV2 cells were incubated with 
OIS extract for 24 h, in the presence or absence of 1 μg/ml LPS, and NO 
production was assessed through the Griess reaction assay. Data are 
presented as the mean ± the standard error of the mean (n = 3). *P < 0.05 
versus control group; #P < 0.05, ##P < 0.01 versus LPS-treated group. OIS: 
Oroxylum indicum seed; NO: Nitric oxide; LPS: Lipopolysaccharide

Figure  3: Effect of OIS on ROS production. BV2 cells were treated with 
1 μg/ml LPS, in the presence or absence of OIS. Data are presented as the 
mean ± the standard error of the mean (n = 3). **P < 0.01 versus control 
group; ##P < 0.01 versus LPS-treated group. OIS: Oroxylum indicum seed; 
ROS: Reactive oxygen species; LPS: Lipopolysaccharide

Figure  4: Effect of OIS on IL-6 production. BV2 cells were treated with 
1 μg/l LPS for 24 h, in the presence or absence of OIS, and IL-6 production 
was assessed using enzyme-linked immunosorbent assay kits. Data are 
presented as the mean ± the standard error of the mean (n = 3). **P < 0.01 
versus control group; #P < 0.05, ##P < 0.01 versus LPS-treated group. OIS: 
Oroxylum indicum seed; IL: Interleukin; LPS: Lipopolysaccharide
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and availability of antioxidants. Excessive ROS production causes 
oxidative damage to biological molecules, such as lipids, proteins, and 
DNA. ROS accumulation also plays a pivotal role in the progression 
of neuroinflammation by regulating transcriptional factors, 
including nuclear factor kappa B, which increases the expression of 
pro‑inflammatory genes. The results of the present study demonstrated 
that OIS extract exhibited antioxidant activity in  vitro through the 
DPPH and ABPS assays. Taken together, these results suggest that OIS 
extract suppressed ROS production in activated BV2 microglia, which is 
consistent with a previous report.[30]

In the central nervous system, NO is an inflammatory mediator derived 
by activated microglia. High concentrations of NO in the brain are 
associated with the onset of neurodegenerative diseases, such as multiple 
sclerosis, AD, and PD.[31] In addition, NO overproduction rapidly reacts 
with superoxide anion to form the highly toxic peroxynitrite anion, 
which can directly react with several biological molecules.[32] The results 
of the present study demonstrated that LPS significantly increased NO 
production in BV2 cells, the effects of which were reversed following 
treatment with OIS. These results are consistent with previous findings, 
which suggest that OIS suppresses NO production in LPS‑activated 
RAW264.7 macrophages.[30]

To confirm the anti‑inflammatory effect of OIS extract in LPS‑activated 
BV‑2 microglia, the effect of OIS on IL‑6 production was investigated, 
as high levels of this pro‑inflammatory cytokine is considered a 
hallmark of neuroinflammatory diseases.[33] The induction of LPS caused 
inflammation in BV‑2 microglia by releasing IL‑6; however, treatment 
with OIS significantly decreased IL‑6 expression in LPS‑activated 
cells. These results are consistent with previous findings, which suggest 
that treatment with OIS decreases IL‑6 expression in LPS‑activated 
RAW264.7 macrophages.[30] Taken together, the results of the present 
study suggest that OIS exerts anti‑inflammatory effects by inhibiting NO 
and IL‑6 production of microglia cells.
It has been reported that OIS comprises various flavonoid 
compounds, such as apigenin, baicalein, chrysin, luteolin, and 
oroxylin A, which exert anti‑inflammatory effects by modulating 
ROS generation and suppressing the release of proinflammatory 
cytokines, including IL‑6, TNF‑α, and IL‑1 β.[34] Consistent with 
previous findings, the results of the present study demonstrated 
that total flavonoid and phenolic contents of OIS were 325.64 ± 4.95 
and 50.47 ± 1.53 mg/g of dried extract, respectively.[34] These results 
suggest that flavonoid‑enriched OIS may have potent antioxidant 
and anti‑inflammatory properties.

CONCLUSION
The results of the present study demonstrated that OIS exerted 
antioxidative and anti‑inflammatory effects on LPS‑stimulated BV2 
microglial cells by decreasing intracellular ROS, NO, and IL‑6 levels. 
Thus, OIS extract may be used to develop food supplements to allay 
neuroinflammation.
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