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ABSTRACT
Activation of microglia and astrocytes is regarded as the initial phase in neuroinflammatory disorders like multiple
sclerosis. The current study focus on the role of Bacoside-A on activated microglia and astrocyte. The action
evaluated with LPS induced primary cultures of microglia and astrocyte. It reduced the production of NO and TNFα in LPS stimulated microglia and astrocyte cultures. The present study emphasizes on the potential of Bacoside-A
in neurodegenerative disorders like multiple sclerosis.
KEYWORDS: Bacoside, neuroinflammation, multiple sclerosis, microglia, astrocyte.
Abbreviations: MS, Multiple Sclerosis; CNS, Central Nervous System; LPS, Lipopolysaccharide; TNFα, Tumor
Necrosis Factor α.
INTRODUCTION
Multiple Sclerosis is a neurodegenerative disorder
primarily due to the inflammation of myelin resulting in
demyelination, axonal damage, and neuronal apoptosis.
These are initiated by the promotion of Th1 cells to CNS,
resulting in the activation of microglia and astrocyte.
These lead to the production of NO, pro-inflammatory
cytokines and chemokines (Havenith CE et. al., 1998;
Dong Y & Benveniste EN, 2001; De Keyser J et. al.,
2003). This promotes the peripheral macrophages into
CNS resulting in demyelination and neuron damage
(Matyszak MK et. al., 1999). So, molecules can ably
inhibit the production of NO and TNF-α which markedly
reduce the progression of MS. This will improve the
quality of life of patients.
Bacoside-A consists of compounds like bacoside-A3,
bacopaside-II, jujubogenin, and bacopasaponin-C. It
possesses anti-stress (Chowdhuri DK et. al., 2002) and
inhibits aging-related neurodegeneration (Rastogi M et.
al., 2012). Its mode of action is still unexplored in
conditions like neuro-inflammation. In this study, we
focus on the role of Bacoside-A on activated astrocyte
and microglia in neuroinflammation. This study will help
in the expansion of the use of herbal compounds in the
treatment of neuroinflammatory disorders like MS.
MATERIALS AND METHODS
Materials used
Bacoside-A 98% (Finetech Industry Limited, China),
LPS (Sigma Aldrich, St. Louis, MO), Poly D Lysine
Hydrobromide (Sigma Aldrich, St. Louis, MO),
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Dulbecco Modified Eagle’s Media [DMEM (Himedia)],
Fetal Bovine Serum [FBS (Himedia)], Trypsin
(Himedia), OPI Media (Sigma Aldrich, St. Louis, MO),
mouse GM-CSF (Miltenyi Biotech GmbH, Bergisch
Gladbach, Germany).
Animals
B6 mouse pups, 1day old were obtained from Biogen
Laboratory Animal Facility, Bengaluru, India. All
experiments were implemented according to the
guidelines of CPCSEA, India and approved by
institutional ethics committee of Acharya & BM Reddy
College of Pharmacy, Bengaluru, India. (Ref. no:
IAEC/ABMRCP/2015-2016/05).
Cell culture
Mouse microglia and astrocyte cultures obtained
according to the previous protocol (Storer PD et. al.,
2005) Concisely, brain cortices of 3 mouse pups were
excised and cut into pieces. The tissues were trypsinized,
filtrated using 70 µm cell strainer and centrifuged at
1200 rpm for 5 min to get the pellet. The collected pellet
was resuspended in the media [DMEM, 10% FBS, 1.4
mM glutamine, Penicillin-Streptomycin, OPI media and
mouse GM-CSF (10 ng/mL)], plated into a T25 flask
previously coated with Poly D Lysine (10µg/mL) and
allowed to grow confluence at 37⁰C/5% CO2. Microglia
and astrocyte were separated from the mixed glial culture
using orbital shaker at 37⁰C at 180 rpm for two h (for
microglia) and 260 rpm for 6h (for separating
oligodendrocytes from astrocytes). Microglia were
seeded into a T25 flask with the same media, while the
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astrocytes were cultured with a media devoid of mouse
GM-CSF and incubated at 37⁰C/5% CO2. The obtained
cells were plated into 96 well plates for 24 h and
activated using 0.5 ng/mL of LPS for 24 h except in
control wells. All evaluations carried out after 24 h of
treatment with various concentrations of Bacoside-A
except in control and LPS treated wells.
Cell Proliferation assay
Cell proliferation was evaluated using 3-(4, 5-dimethyl
thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT)
in primary microglia and astrocyte cells as described
previously. The plates read at 570 nm and references at
655 nm using Tecan M200.
Nitric oxide Production
Griess reaction was used to detect the production of NO
as described previously. The microplates read at 550 nm
(Tecan M200). The results were obtained in triplicates
and reported as the average molar amount of nitrite
released into the supernatant.
Estimation of TNF-α
TNF-α evaluated from the cell supernatant obtained from
the wells using a mouse TNF α kit (Cayman Chemical).
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Statistical analysis
All the data reported as Mean ± SEM, n=3. One-way
ANOVA followed by Dunnet’s post hoc test (GraphPad
Prism 5.0) used in this study. p <0.01 is considered
significant.
RESULTS
Inflammation in primary microglial and astrocyte
cultures were achieved by induction with LPS. The
extent of inflammation predicted by the production of
NO and TNF-α in cultures. LPS induction resulted in the
decline of cell viability and had risen the levels of NO
and TNFα in microglial cultures. The treatment with
various concentrations of Bacoside-A showed marked
reduction (p<0.01) in NO and TNF-α in LPS induced
microglial culture as demonstrated in Figure 1. LPS
induction did not exhibit any change in cell viability of
astrocytes. But, LPS treatment produced elevated levels
of nitrate and TNF-α in astrocyte culture. Meanwhile,
treatment with various concentrations of Bacoside-A
significantly (p<0.01) lowered the levels of NO and
TNFα in LPS treated astrocyte cultures as described in
Figure 2.
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Figure 1: Action of Bacoside-A on LPS activated microglial culture. Each bar represents Mean ± SEM, n=3.
Statistical analysis was determined using ANOVA followed by Dunnet’s post hoc test. ** represents p<0.01,
when compared to LPS treated culture.

2(a)

Figure 2: Action of Bacoside-A on LPS activated astrocyte culture. Each bar represents Mean ± SEM, n=3.
Statistical analysis was determined using ANOVA followed by Dunnet’s post hoc test. ** represents p<0.01,
when compared to LPS treated culture.
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DISCUSSION
The infiltration and proliferation of CD4+ T cells into the
CNS, followed by the activation of microglia and
astrocytes result in the pathological initiation of disease.
The activation of microglia and astrocytes leads to the
generation of inflammatory mediators such as proinflammatory cytokines like IL-6, IL-1β, TNF-α and NO
in CNS. These inflammatory mediators cause the mass
recruitment of macrophages, resulting in the progression
of MS. Therefore, the treatment strategies that inhibit the
activation of microglia and astrocyte may reduce the
progression of disease thereby improving the quality of
life of patients.
The inflammation induced release of NO has a crucial
role in the apoptosis of oligodendrocyte than that of
astrocyte and microglia (Mitrovic B et. al., 1994). NO
cause faster demyelination due to the reduction in myelin
formation and more rapid myelin depletion. The release
of NO supported vasodilation and increased the
permeability of BBB in active lesions (Mayhan WG et.
al., 2000), enhances the entry of inflammatory cells and
mediators into the CNS (Shukla A et. al., 1996), induce
conduction block. It also increases the axonal
degeneration in demyelinated neurons (Shrager P et. al.,
1998) and results in neuronal damage. Treatment with
Bacoside-A in LPS induced microglia and astrocyte
culture decreased the levels of NO, which explicitly
specify the potential of Bacoside-A to counteract the
neuroinflammation.
During inflammation, TNFα contributes to the injury
mediated activation of astrocytes and microglia (Merrill
JE et. al., 1991). It enhances BBB permeability
(Sedgwick JD et. al., 2000), promotes excitatory synaptic
transmission, reduces inhibitory neurotransmission
(Pickering M et. al., 2005) and synaptic plasticity
(Beattie EC et. al., 2002). More elevated levels of TNF-α
were observed near the active MS lesions (Hofman FM
et. al., 1989) and other neuroinflammatory disorders.
Bacoside-A at various concentrations could ably inhibit
the production of TNF-α in the LPS induced microglia
and astrocyte cultures. Bacoside-A may reduce the
progression of inflammation during activation of
microglia and astrocyte in the CNS.
CONCLUSION
Bacoside-A counteracts the LPS induced activation of
microglia and astrocyte in primary culture by inhibiting
the generation of NO species and TNF-α. These effects
recommend that it has a prominent role in reducing the
neuroinflammation, produced during MS. Further studies
are essential to unravel the mechanism of action of
Bacoside-A in neuroinflammation.
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