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Abstract: Hyperactivation of microglia is the important pathology of neurodegenerative diseases. Being naturally 
occurring compound, phytic acid (PA) has been found to exert anti-inflammatory effect in MPTP-induced 
parkinson’s disease model of mice, but mechanism needed to be further investigated. In our study, BV-2 microglia 
were cultured and induced by lipopolysaccharide (LPS) to mimic inflammation models to testify the phytic acid’s 
effect on neuroinflammation. Methods: BV-2 microglia were cultured in vitro. After pretreatment with different 
doses of PA, lipopolysaccharide (LPS) was added to induce the activation of BV-2 microglia. The cell survival rate 
was detected by MTT colorimetry, the NO release of microglia was measured by Griess assay, and the concentration 
of IL-6 in supernatant of cell culture was detected by ELISA assay. DAPI staining was used to detect the changes of 
apoptosis of activated BV-2 microglia before and after phytic acid treatment. Results: Phytic acid could inhibit the 
production of NO and IL-6 in BV-2 microglia activated by LPS, and block the excessive activation of BV-2 
microglia stimulated by LPS. At the same time, it can promote the apoptosis of over-activated microglia. Therefore, 
phytic acid may play a potential role on prevention and treatment of neurodegenerative diseases associated with its 
inhibition on microglial activation. 
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Introduction 
As important immune effector cells in the brain, 
microglia play a key role in many neuropathic diseases, 
such as neurodegenerative diseases, brain trauma and 
central infectious diseases[1]. Under normal conditions, 
microglia are in a resting state, and pathological 
stimulation can release oxygen free radicals, 
inflammatory mediators and cytokines, which can 
induce inflammatory reaction in the central nervous 
system and play a defensive and repair role. However, 
excessive activation can also lead to the release of 
proinflammatory factors, including IL-1β and IL-6, 
TNF-α, resulting in toxicity to neurons and glial cells, 
and then damage to the central nervous system[2]. 
Therefore, inhibiting the excessive activation of 
microglia and alleviating the damage caused by 
inflammatory reaction is particularly critical for the 
treatment and prevention of many neurodegenerative 
diseases[3]. Lipopolysaccharide (LPS) is the main 
component of endotoxin in Gram-negative bacteria. It 
can induce excessive activation of BV-2 microglia and 
release many inflammatory mediators including IL-1β 
and IL-6[4]. 

Phytic acid (PA), also called inositol hexaphosphate, is 
a rich inositol substance in plants. It is also widely 
distributed in animal tissues and cells[5]. Studies have 
found that phytic acid has a number of physiological 
functions, including antioxidant, improve the body's 
immunity and anti-inflammatory effects, etc[6,7]. In this 
study, we used lipopolysaccharide (LPS) to activate 
microglia for establishing inflammatory model of 
neurodegenerative diseases to investigate the 
neuroprotection of phytic acid in parkinson’s 
disease[8,9].  
 
Materials and Methods 
Material source 
The BV-2 cell line was provided by Kunming animal of 
the Chinese Academy of Sciences. The cells were 
cultured in the DMEM medium of 10% fetal bovine 
serum. In the cell incubator of 37 ℃ and 5% carbon 
dioxide, the cells grew monolayer and were 
subcultured at about 80%. 
 
Cell culture 
BV-2 microglia were cultured in high glucose DMEM 
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medium containing 10% fetal bovine serum FBS and 1% 
double antibody, inoculated in culture bottle and 
incubated in 5% CO 2, 37℃ cell incubator. The cell 
monolayer adheres to the wall and changes the liquid in 
time. When the cells are covered with about 70%-80% 
of the culture bottle bottom, the cells are digested with 
0.25% trypsin (containing 0.25% EDTA) and then 
subcultured for an average of 2-3 days. The cells in 
logarithmic growth phase were cultured in 6-well plate 
and 96-well plate respectively.  
 
MTT cell survival assay 
The BV-2 microglia in logarithmic growth period were 
inoculated in 96-well plate, 100 μL per well. After 24 
hours of adherent culture, the cells were replaced with 
fresh serum-free medium and treated with phytic acid. 
The concentration of phytic acid was set to 
50μmol/L,100μmol/L,200μmol/L alone or with LPS, 
the concentration of lipopolysaccharide was set to 
10-1000 ng/ml, and the blank control group (0 μmol/L). 
After 48 hours of culture, MTT solution was added to 
the cell solution (10 μL), per pore was incubated at 37 ℃ 
for 3 h, then the culture medium was sucked out, then 
the optical density was measured at 10 min, 492 nm 
wavelength of 100μL dimethyl sulfoxide oscillation per 
well. Calculate cell survival rate. 
 
NO detection 
Detection of nitrite levels in cells by Griess assay. The 
microglia of logarithmic growth period were inoculated 
in 96-well plate, 100μL per hole. After 24 hours of 
adherent culture, the cells were replaced with fresh 
serum-free medium and treated with phytic acid. After 
48 hours of culture, the supernatant was removed and 
transferred to the 96-well cell culture plate, and the 
optical density was measured at the wavelength of 540 
nm at room temperature with 50μL Griess reagent. 
 
ELISA detection 
The cells were cultured in 24-well plate and cultured to 
80% confluence of cells. After 6 hours of culture, LPS 
(final concentration of 250ng/ml) was added to the 
culture medium containing the specified concentration 
of phytic acid. After 24 hours of culture, the culture 
medium of each pore was collected. Follow ELISA kit 
instructions. 
 
DAPI staining 
The BV-2 microglia in logarithmic growth period were 
inoculated in 6-well plate, and the cells ranged from 50 
to 80% of the cells were treated with phytic acid and 
LPS at full time. After 24 hours of culture, the culture 
medium was removed, then washed with PBS, fixed 
with methanol solution for 5 min, then washed with 
PBS, then added to the DAPI staining solution of 500ul, 
then stored at room temperature for 5 min, then the dye 
solution was discarded. Wash with PBS twice and take 
pictures under fluorescence microscope. 
 
Statistical analysis 
The data were analyzed by SPSS 13.0 software. The 

results were consistent with the normal distribution, 
and single factor ANOVA was used to compare the 
results between groups and within groups. 
 
RESULTS 
Morphological changes of microglia induced by 
LPS.  
As shown in Fig1, after treated by LPS, activated 
microglia exhibited different cellular shapes. The cell 
body became round and larger, less branches was 
shown, and length of branches became shorter. And the 
morphological changes were obvious. 

A                B           

  

Fig1. A: Resting cell morphology (×200) ; B: Activated 
cell morphology (×200) 
 
Effect of LPS on cell viability of microglia cells 
Cell viability of BV-2 was detected by 
3-(4,5-Dimethythiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. Microglial neurons were 
incubated with different doses of LPS from 10 ng/ml to 
1000ng/ml for 24 hours, then the number of neuron 
was measured by MTT reagent. Following LPS’s 
activation, cellular morphological changes were 
obviously seen under microscope. But the number of 
neurons had not significant differences. 

 

Fig2. Cytotoxicity effects of LPS on BV-2 cells 
 
Toxic effect of phytic acid on microglia 
In order to avoid toxic doses of phytic acid induced on 
microglia, MTT assay was also applied to assess cell 
viability of neurons exposed to different doses of 
phytic acid.As shown in Fig3, the result suggested 
there were not significantly different values among 
groups, which indicated little toxic effect of phytic acid 
on microglia.  
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Fig3. Cytotoxicity effects of PA on BV-2 cells 
 
Effects of phytic acid on NO release from LPS 
activated microglia cells 
NO is one of the inflammatory markers produced by 
the activation of glial cells and is also an important 
indicator of neuroinflammation. Results in Fig4 
indicated that NO release elevated after 200ng/ml of 
LPS exposed to microglial neurons. While, pretreated 
with different concentrations of phytic acid for 24 
hours, elevation of NO production induced by LPS 
attenuated in a dose-dependent manner. 

 

Fig4. Effect of PA on LPS-induced NO production in 
BV-2 cells 
#P<0.05 vs control group; *P<0.05 vs LPS treatment 
group 
 
Effects of phytic acid on the release of microglial 
inflammatory factor IL-6 activated by LPS 
Microglia participate in the inflammatory reaction of 
neurodegenerative diseases. With LPS stimulation, by 
releasing and secreting a series of neurotoxic 
substances and inflammatory factors such as IL-6, 
secondary brain tissue damage is caused.The effect of 
phytic acid on the expression of inflammatory factors 
was detected by ELISA. The results showed that the 
expression of IL-6 was upregulated after stimulation of 
LPS, and phytic acid could inhibit the expression of 
IL-6 in a dose-dependent manner. 

 

Fig5. Effect of PA on LPS-induced IL-6 production in 
BV-2 cells 
#P<0.05 vs control group;*P<0.05 vs LPS treatment 
group 
 
Effect of phytic acid on morphological changes of 
apoptotic cells by DAPI staining 
With DAPI staining, results in Fig6 showed the nucleus 
of the control group was intact and uniform, and the 
shape was regular. In the phytic acid group, most of the 
cells were chromatin inhomogeneous, chromatin 
condensed, agglutinated, nucleus cracked, and some 
nuclei were broken down. 

A                B    

 

Fig6. A: Morphological changes of cells without phytic 
acid (×400); B: Morphological changes of cells with 
phytic acid (×400) 
 
Discussion 
As the main immune cells in the brain, microglia 
function as nutritive neurons and immune surveillance. 
When the brain is injured or infected, microglia are 
activated by stimulation (such as the action of 
endogenous chemical LPS), which mainly play the role 
of phagocytosis, antigen presentation and release of 
inflammatory mediators (such as IL-6)[10]. 
Neuroinflammation caused by excessive activation of 
microglia is the most direct cause of synaptic 
dysfunction and cognitive decline of neurons[11]. It can 
be said that excessive neuroinflammation is the central 
link in the occurrence and development of 
neurodegenerative diseases. Therefore, 
neuroinflammation as a target, by inhibiting the 
excessive activation of microglia and promoting the 
release of inflammatory cytokines, can effectively 
prevent the deterioration of the disease[12]. Because 
phytic acid has strong neuroprotective and 
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anti-inflammatory activity[13,14], we established a 
neuroinflammatory model by culturing microglia in 
vitro to study the inhibitory effect of phytic acid on the 
inflammatory response induced by LPS. 
 
The results of MTT test showed that there was no 
significant change in the survival rate of microglia after 
the treatment of phytic acid with LPS. Griess results 
showed that phytic acid could significantly inhibit NO 
release from BV-2 microglia activated by LPS. 
 
Long-term sustained activation of microglia can secrete 
neurotoxic substances and inflammatory mediators, 
such as IL-6, TNF- α, NO, etc[15,16]. The results showed 
that the expression of IL-6, NO was up-regulated after 
LPS stimulation, and phytic acid inhibited the 
expression of IL-6, NO in a concentration-dependent 
manner. In this experiment, phytic acid was applied to 
the over-activated microglia. By DAPI staining, the 
morphological changes of typical apoptotic cells were 
observed by fluorescence microscope, which indicated 
that phytic acid could induce apoptosis of activated 
microglia. 
 
To sum up, phytic acid can inhibit the excessive 
activation of BV-2 microglia stimulated by LPS, reduce 
the release of inflammatory factors, promote the 
apoptosis of over-activated microglia, and thus have 
obvious anti-inflammatory effect. It also indicates that 
phytic acid may have potential application value in 
central nervous degenerative diseases associated with 
inflammation. However, the more extensive role and 
the further action mechanism need to be further 
studied. 
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