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Abstract:  

Objective: To investigate the effects of Scutellaria barbata flavonoids (SBF) on abnormal changes of N2a cell protein 

Phosphatase-1 (PP-1) and related Tau protein phosphorylation induced by β-amyloid25-35 (Aβ25-35). 

Methods: N2a cells were cultured and randomly divided into 7 groups, including control group, model group, PP-1 inhibitor 

OA group, Aβ25-35+OA group and SBF three dose treatment groups. The control group was not treated. Aβ25-35 of 40 

μmol/L was added to the model group, and work for 12 h. OA with a final concentration of 15 nmol /L was added to the PP-

1 inhibitor OA group, and fully act for 12 h. SBF of 1.125 mg/L, 2.25 mg/L and 4.5 mg/L were added to SBF dose treatment 

groups respectively, and the inhibitor OA with a final concentration of 15 nmol /L was added at the same time, after acting 

cells for 12 h, Aβ25-35 with a final concentration of 40 μmol/L was added to continue the action for 12 h. The morphology 

and state of cells were observed under 100× microscope. The injury degree and survival rate of N2a cells were measured 

by Lactic dehydrogenase release and MTT assay. Western blot was used to detect the phosphorylation expression levels of 

PP-1 and Tau protein at Thr205, Thr231, Ser404 and Ser199 of N2a cells in each group. 

Results: After overnight cultured, the cells in the control group were observed to be intact, the cell membrane was 

transparent and the morphology of the cells was shuttle. In the model group, after the cells were treated with a final 

concentration of 40 μmol/L Aβ25-35 for 12 h, the cell membrane was observed to be incomplete and damaged under the 

microscope, the cells appeared agglomeration, the cell bulges was not obvious and the growth was slow. After treated with 

three doses of SBF for 24 hours, the three groups of cells was observed that they had different degrees of improvement under 

the microscope, the growth rate of the cells was faster and the cell membrane was intact. Compared with the control group, 

the LDH release of N2a cells increased by 8% in the model group (p<0.01), and significantly decreased by 1.82% in the 

OA group (p<0.01). Compared with the model group, the LDH release of N2a cells decreased by 2.64% in Aβ25-35+OA 

group (p<0.01). Compared with Aβ25-35+OA group, LDH release of N2a cells decreased by 2.89% in SBF 1.125 mg/mL 

group (p<0.01), and decreased by 3.41% in SBF 2.25 mg/mL group (p<0.01), and decreased by 4.34% in SBF 4.5 mg/mL 

group (p<0.01). Compared with the control group, the survival rate of N2a cells decreased by 17.89% in the model group 

(p<0.01), and decreased by 16.82% in the OA group (p<0.01). Compared with the model group, the survival rate of N2a 

cells increased by 23.03% in Aβ25-35+OA group (p<0.01). Compared with Aβ25-35+OA group, the survival rate of N2a 

cells increased by 0.61% in SBF 1.125 mg/mL group (p<0.01), and increased by 12.89% in SBF 2.25 mg/mL group (p<0.01), 

and increased by 25.90% in SBF 4.5 mg/mL group (p<0.01). Compared with the control group, expect for the decreased 

protein expression levels of PP-1 and p-Tau (Thr205), the protein expression levels of p-Tau (Ser199), p-Tau (Ser404) and 

p-Tau (Thr231) were increased in the model group. In the OA group, expect for the decreased protein expression levels of 

PP-1, the phosphorylated Tau protein expression levels at Ser199, Thr205, Ser404 and Thr231 these four sites were 

increased (p<0.01). Compared with the model group, protein expression levels of PP-1 and p-Tau (Thr231) were decreased, 

the phosphorylated Tau protein expression levels at Ser199, Thr205 and Ser404 sites were increased. Compared with the 

Aβ25-35+OA group, expect for the decreased protein expression levels of p-Tau (Ser404), the protein expression levels of 

PP-1, p-Tau (Ser199), p-Tau (Thr205) and p-Tau (Thr231) were increased in the SBF low dose treatment group. In the SBF 

medium dose treatment group, the protein expression levels of PP-1, p-Tau (Thr205) and p-Tau (Thr231) were increased, 

while the phosphorylated Tau protein expression levels at Ser199 and Ser404 sites were both decreased. In the SBF high 

dose group, expect for the increased protein expression levels of PP-1, the protein expression levels of p-Tau (Ser199), p-

Tau (Thr205), p-Tau (Ser404) and p-Tau (Thr231) were decreased.   

Conclusion: SBF can up-regulate the activity of PP-1 to inhibit the hyperphosphorylation of Tau protein expression levels 

at Thr205, Thr231, Ser404 and Ser199 sites. 
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1. INTRODUCTION  

Alzheimer disease (AD) is a degenerative disease of the central nervous system that usually occurs in 

old age. With the aggravation of population aging, the incidence of AD is increasing year by year. The 

number of AD patients worldwide was about 46.8 million in 2015 and will reach 114 million by 2050, 

which will bring increasingly heavy economic and social burden to the world. Therefore, exploring a 

drug that can effectively treat AD has become the focus of attention from all walks of life[1]. The main 

clinical manifestations of AD patients were progressive impairment of cognition, memory function and 

daily living ability. Senile plaques (SP) formed by β-amyloid protein (Aβ) deposition and neuro 

fibrillary tangles (NFT) formed by intracellular hyperphosphorylation of Tau protein are the main 

pathological features of AD[2]. Because the treatment of AD is more complex, and traditional Chinese 

medicine has great therapeutic potential in this respect, our laboratory established Alzheimer's model 

in vivo and in vitro. It has found that SBF can reduce the phosphorylation level of Tau protein in 

Alzheimer's disease. It is mainly achieved by regulating the activity of protein phosphokinase, including 

GSK-3β, CDK5 and PKA. The phosphorylation level of Tau protein is not only affected by some 

phosphokinases, but also affected by some phosphatases, including protein phosphatase-1 (PP-1), 

protein phosphatase 2A (PP2A), protein phosphatase 2B (PP2B) and protein phosphatase 2C (PP2C). 

PP-1 is one of the most widely distributed phosphatases in cells of the body[3]. It is involved in signal 

pathway, gene expression, regulation of cell cycle and memory formation and other physiological 

functions. Because the degree of clinical dementia of AD patients is positively correlated with the 

aggregation degree of hyperphosphorylation Tau protein, and SBF, as the above ground isolated extract 

of Scutellaria barbata D.Don, has a certain anti-alzheimer's effect. Therefore, in order to further explore 

whether SBF can reduce the hyperphosphorylation of Tau protein expression level at Thr205, Thr231, 

Ser404 and Ser199 sites by regulating PP-1 activity. In this study, the AD model of 

hyperphosphorylation of Tau protein was established to study the regulation function of SBF on the 

hyperphosphorylation of Tau protein. The purpose of this study was to further research other action 

mechanism of SBF on AD.  

2. MATERIALS AND METHODS 

2.1. Experimental Material and Instrument 

Scutellaria barbata flavonoids (SBF) were prepared by the Institute of Traditional Chinese Medicine 

of Chengde Medical College, and their total flavonoids purity was 93.1%. N2a cells is mouse brain 

neuroma cells and provided by Beijing Dingguo Changsheng Biotechnology Co. Ltd., China. High 

sugar DMEM (Catalog No. 8511010130) was purchased from GENVIEW Company, China. Fetal 

bovine serum (Catalog No. SF0016500) was supplied by France Scitecher Company. Aβ25-35 (Catalog 

No. A0331A) provided by Dalian Meilun Company, China. PP-1 inhibitor OA (Catalog No. 

LOT#SLBQ3290V) was purchased from America. P-Tau (Thr205), p-Tau (Thr231), p-Tau (Ser404) 

were supplied by American SAB Company. P-Tau (Ser199) was supplied by abcam Company, British. 

PP-1 primary antibody (Catalog No. bs-3756R) was purchased from Beijing Boaosen Biotechnology 

Co. Ltd., China. And goat anti-rabbit secondary antibody (Catalog No. GR288027-15) was supplied by 

abcam Company, British. β-actin primary antibody (Catalog No. M1210-2) was purchased from Hua'an 

Biotechnology Co., Ltd., China. β-actin secondary antibody (Catalog No. AS100) was supplied by 

American Medicine Mingkangde Company. Other reagents were from ordinary commercial sources. 

2.2. Experimental Methods 

N2a cells were cultured in 90% high glucose DMEM complete culture medium, which contains 10% 

FBS and placed in 37 ℃ and 5% CO2 incubator to culture. The culture medium was replaced in each 

day. The cells were performed to passage by the way of enzyme digestion when the cells density reaches 

the confluence degree of 80% - 90%. The logarithmic N2A cells were inoculated on the 96-well aseptic 

plates cell culture plate at the density of 1.5×104 per mL per well, and 100 μL per well was added to 

each well，and incubated at 37 ℃ and 5% CO2 incubator for 12 h. After that, they were randomly 

divided into 7 groups: control group, model group, OA group, the Aβ25-35+OA group, the SBF low 

dose (1.125 mg/L) treatment group, the SBF medium dose (2.25 mg/L) treatment group and the SBF 

high dose (4.5 mg/L) treatment group. The control group contains 3% FBS and 97% high-glucose 

DMEM. Model group makes Aβ25-35 have a final concentration of 40 μmol/L in 3% FBS and Aβ25-

35 culture medium and action 12 h. In the OA group, OA with a final concentration of 15 nmol/L was 
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added into the culture medium which contains 3% FBS and high glucose phenol red to act 12 h. In the 

Aβ25-35+OA group, OA with a final concentration of 15 nmol/L was added into the culture medium 

which contains 3% FBS and high glucose phenol red to act 12 h, then Aβ25-35 with a final concentration 

of 40 μmol/L was added to act 12 h. In different concentrations of SBF+Aβ25-35+OA group，SBF was 

dissolve in 3% FBS and 97% high glucose phenol red culture medium, so that the final concentration 

of SBF is respectively 1.125 mg/L, 2.25 mg/L and 4.5 mg/L, at the same time, the OA with a final 

concentration of 15 nmol/L was added and action 12 h, then the Aβ25-35 with a final concentration of 

40 μmol/L was added to act for 12 h. 

2.3. Microscopic Observation of the Effect of SBF on Morphological Damage of N2A Cells 

Induced by Aβ25-35 

Before N2a cells were added with various reagents and SBF, the morphology and growth state of N2a 

cells were observed under 1×100 times microscope, and the photos of the cells were preserved. 

2.4. Determination of Injury Degree and Survival Rate of N2a Cells 

2.4.1. Detection of Damage Degree of N2a Cells by Spectrophotometry 

The cell supernatant was added to the corresponding well of 96-well plates. According to the LDH kit, 

the corresponding amount of reagent is added in turn. And the release of lactic dehydrogenase (LDH) 

of N2A cells was determined by spectrophotometry. 

2.4.2. Detection of Survival Rate of N2a Cells by MTT Assay 

The cell liquid of the original 96-well plates was discarded and 100 μL MTT solution with final 

concentration of 0.5mg/L was added to each well. After incubation, MTT solution was absorbed and 

100 μL DMSO solution was added in turn. The cell survival rate was measured by ELIASA. 

2.5. Effect of SBF on Thr205, Thr231, Ser404 and Ser199 of Tau Protein Phosphorylation Sites 

Damaged by Aβ25-35 in N2a Cells 

N2a cells were cultured in 90% high glucose DMEM complete culture medium, which contains 10% 

FBS and placed in 37 ℃ and 5% CO2 incubator to culture. The cells were performed to passage by the 

way of enzyme digestion. The logarithmic N2A cells were inoculated on the T25 aseptic cell culture 

bottle at the density of 1×105 per mL per bottle, and 7 mL per bottle, and incubated at 37 ℃ and 5% 

CO2 incubator for 12 h. After that, they were randomly divided into 7 groups: control group, model 

group, PP-1 inhibitor OA group, the Aβ25-35+OA group, the SBF low dose (1.125 mg/L) treatment group, 

the SBF medium dose (2.25 mg/L) treatment group and the SBF high dose (4.5 mg/L) treatment group. 

The control group contains 3% FBS and 97% high glucose phenol red culture medium. Model group 

makes Aβ25-35 have a final concentration of 40 μmol/L in 3% FBS and 97% high glucose phenol red 

culture medium and action 12 h. In the Aβ25-35+OA group, OA with a final concentration of 48 nmol/L 

was added into the culture medium which contains 3% FBS and 97% high glucose phenol red to act 12 

h, then Aβ25-35 with a final concentration of 40 μmol/L was added to act 12 h. In three dose treatment 

groups of SBF，SBF was dissolve in 3% FBS and 97% high glucose phenol red culture medium, so 

that the final concentration of SBF is respectively 1.125 mg/L, 2.25 mg/L and 4.5 mg/L, at the same 

time, the OA with a final concentration of 15 nmol/L was added and action 12 h, then the Aβ25-35 with 

a final concentration of 40 μmol/L was added to act for 12 h. Each bottle of cells was slowly transferred 

into a 10 mL centrifuge tube, centrifuged and discard the cell supernatant. Then 1.2 mL PBS was added. 

They were transferred into a 1.5 mL centrifuge tube, centrifuged and discard the cell supernatant. Then 

they were put into the refrigerator at -80 ℃ to save. 

2.5.1. Protein Quantification by BCA 

Cracking liquid 150 μL was added into each group of cells, and they were cracking on the ice for 20 

min, centrifuged 20 min. After that, the supernatant is protein. The standard protein and BCA work 

fluid was prepared according to the requirement, and quantitative. The absorbance value at 562 nm was 

measured with a ELIASA. And the protein concentration in the sample was calculated. The remaining 

samples was mixed with 5× protein loading sample buffer at a ratio of 4:1, denatured 5min at 100 ℃. 

After that, they were stored in the -20 ℃ refrigerator. 

2.5.2. Western blot method detect the protein expression level 

Western blot was used to detect Tau protein phosphorylation expression levels at Ser199, Ser214, 

Ser404, Thr231 sites and PP-1 protein expression levels of each group of N2a cells. Separation by 30% 
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polyacrylamide gel electrophoresis, and then transfer membrane. The PVDF membrane was closed in 

TBST of 5% skimmed milk powder for 2h. The primary antibody concentration, Thr205 (1:500), 

Thr231 (1:500), Ser404 (1:500), Ser199(1:15000), and PP-1 (1:300), were placed in the 4 ℃ 

refrigerator overnight, then incubated for 5 h the next day. The second antibody concentration (1:5000), 

was incubated at room temperature for an hour and a half. Tanon chemiluminescence image analysis 

system was used for image development, and IBM SPSS Statistics 21 statistical software was used to 

analyze the strips.   

3. STATISTICAL ANALYSIS 

The results of the study were statistically analyzed by IBM SPSS Statistics 21, expressed as 

means±standard deviation (Means±SD). Multiple groups of samples means were compared by one-way 

ANOVA, the pairwise comparison between means was conducted by the method of least significant 

difference (LSD). The P<0.05 difference was statistically significant. 

Results 

3.1. Effect of SBF on Morphological Damage of N2a Cells Induced by Aβ25-35 

As shown in Figure 1, after overnight cultured, the cells in the control group were observed to be intact 

and were in the shape of a shuttle, the cell membrane was transparent. In the model group, after the 

cells were treated with a final concentration of 40 μmol/L Aβ25-35 for 12 h, the cell membrane was 

observed to be incomplete and damaged under the microscope, the cells appeared agglomeration, the 

cell bulges was not obvious and the growth was slow. After treated with three doses of SBF for 24 hours, 

the three groups of cells was observed that they had different degrees of improvement under the 

microscope, the growth rate of the cells was faster and the cell membrane was intact.  

3.2. Effect of SBF on LDH Release and Survival Rate of N2a Cells Induced by Aβ25-35 

3.2.1. Effect of SBF on LDH Release of N2A Cells Induced by Aβ25-35 

As shown in Figure 1, compared with the control group, the LDH release of N2a cells increased by 8% 

in the model group (p<0.01), and significantly decreased by 1.82% in the OA group (p<0.01). Compared 

with the model group, the LDH release of N2a cells decreased by 2.64% in Aβ25-35+OA group (p<0.01). 

Compared with Aβ25-35+OA group, LDH release of N2a cells decreased by 2.89% in SBF 1.125 mg/mL 

group (p<0.01), and decreased by 3.41% in SBF 2.25 mg/mL group (p<0.01), and decreased by 4.34% 

in SBF 4.5 mg/mL group (p<0.01).  

3.2.2. Effect of SBF on Survival Rate of N2a Cells Induced by Aβ25-35 

As shown in Figure 3, compared with the control group, the survival rate of N2a cells decreased by 

17.89% in the model group (p<0.01), and decreased by 16.82% in the OA group (p<0.01). Compared 

with the model group, the survival rate of N2a cells increased by 23.03% in Aβ25-35+OA group 

(p<0.01). Compared with Aβ25-35+OA group, the survival rate of N2a cells increased by 0.61% in 

SBF 1.125 mg/mL group (p<0.01), and increased by 12.89% in SBF 2.25 mg/mL group (p<0.01), and 

increased by 25.90% in SBF 4.5 mg/mL group (p<0.01).   

3.3. Effect of SBF on the Expression Level of PP-1 and Tau Protein at Various Phosphorylation 

Sites in N2a Cells Induced by Aβ25-35 

3.3.1. Effect of SBF on the Expression of PP-1 Abnormal Protein in N2a Cells Induced by Aβ25-35 

As shown in Figure 4, compared with the control group, the expression level of PP-1 protein in N2a 

cells decreased by 0.05% in the model group (p>0.05), and the expression level decreased by 21.65% 

in the OA group (p<0.05). Compared with the model group, the protein expression levels decreased by 

39.22% in the Aβ25-35+OA group (p<0.01). Compared with the Aβ25-35+OA group, the expression level 

of protein increased by 1.95 times in the SBF low dose treatment group (p<0.01), and increased by 

89.11% in the SBF medium dose treatment group (p<0.01), and increased by 1.29 times in the SBF high 

dose treatment group (p<0.01). 

3.3.2. Effect of SBF on the expression of phosphorylation Tau protein at Thr205 site in N2A cells 

induced by Aβ25-35 

As shown in Figure 5, compared with the control group, the expression level of PP-1 protein in N2a 

cells decreased by 2.29% in the model group (p>0.05), and the expression level increased by 10.39% 

in the OA group (p<0.05). Compared with the model group, the protein expression levels increased by 
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2.26% in the Aβ25-35+OA group (p>0.05). Compared with the Aβ25-35+OA group, the expression 

level of protein increased by 16.14% in the SBF low dose treatment group (p>0.05), and increased by 

6.99% in the SBF medium dose treatment group (p>0.05), and decreased by 2.86% in the SBF high 

dose treatment group (p>0.05). 

3.3.3. Effect of SBF on the expression of phosphorylation Tau protein at Thr231 site in N2A cells 

induced by Aβ25-35 

As shown in Figure 6, compared with the control group, the expression level of PP-1 protein in N2a 

cells increased by 14.23% in the model group (p>0.05), and the expression level increased by 11.21% 

in the OA group (p>0.05). Compared with the model group, the protein expression levels decreased by 

5.23% in the Aβ25-35+OA group (p>0.05). Compared with the Aβ25-35+OA group, the expression 

level of protein increased by 20.60% in the SBF low dose treatment group (p<0.01), and increased by 

2.43% in the SBF medium dose treatment group (p>0.051), and decreased by 24.26% in the SBF high 

dose treatment group (p<0.01). 

3.4. Effect of SBF on the Expression of Phosphorylation Tau Protein at Ser404 Site in N2a Cells 

Induced by Aβ25-35 

As shown in Figure 7, compared with the control group, the expression level of PP-1 protein in N2a 

cells increased by 22.72% in the model group (p<0.05), and the expression level increased by 25.10% 

in the OA group (p>0.05). Compared with the model group, the protein expression levels increased by 

21.40% in the Aβ25-35+OA group (p<0.05). Compared with the Aβ25-35+OA group, the expression 

level of protein decreased by 6.53% in the SBF low dose treatment group (p<0.05), and decreased by 

28.70% in the SBF medium dose treatment group (p<0.01), and decreased by 50.10% in the SBF high 

dose treatment group (p<0.01). 

3.5. Effect of SBF on the Expression of Phosphorylation Tau Protein at Ser199 Site in N2a Cells 

Induced by Aβ25-35 

As shown in Figure 8, compared with the control group, the expression level of PP-1 protein in N2a 

cells increased by 13.98% in the model group (p>0.05), and the expression level increased by 34.28% 

in the OA group (p<0.05). Compared with the model group, the protein expression levels increased by 

13.09% in the Aβ25-35+OA group (p>0.05). Compared with the Aβ25-35+OA group, the expression 

level of protein increased by 25.80% in the SBF low dose treatment group (p>0.05), and decreased by 

43.51% in the SBF medium dose treatment group (p<0.05), and decreased by 13.24% in the SBF high 

dose treatment group (p>0.05). 

4. DISCUSSION 

Tau protein is a member of the microtubule binding protein family, and it is mainly concentrated in the 

temporal lobe, frontal lobe, hippocampus and neurons in the entorhinal area of the brain[4-5]. Tau protein 

has a wide range of functions. It can help the center of microtubule tissue transport lysosomes and 

mitochondria and it is involved in the process of oligodendrocytes forming myelin sheath. In addition, 

Tau protein can stabilize the microtubules of neurons and promote the growth of neurons. The axons of 

the peripheral nerves contain Tau protein, and its binding ability is significantly higher than that of the 

cell body and dendrites of neurons, which creates conditions for the growth and extension of axons[6-7]. 

However, the abnormal expression of Tau protein will make it lose its stabilizing effect on microtubules, 

which will lead to the functional degradation of nerve cells and the corresponding nervous system 

diseases[8]. According to the theory of Tau origin[9], Tau protein is abnormally hyperphosphorylation, 

and paired helical filaments (PHF) tangles with each other to form flocculation NFT, which eventually 

leads to neuronal death, then further leads to AD. The theory of Aβ suggests that the occurrence of AD 

is due to the imbalance between the production and clearance of Aβ[10]. When the production of Aβ is 

greater than clearance, soluble and non-soluble Aβ peptide accumulate in the brain, which resulting in 

neuronal toxicity. Research shows that abnormal phosphorylation of Tau protein at Thr205,Thr231, 

Ser404 and Ser199 sites in NFT of AD is not only affected by GSK-3β, CDK5 and PKA protein 

phosphokinases, but also affected by protein phosphate kinase PP-1, PP2A, PP2B and PP2C[11]. In 

eukaryotes, the dephosphorylation of serine / threonine residues is mainly accomplished by four protein 

phosphatases, including PP-1, PP2A, PP2B and PP2C, in which the activities of PP-1 and PP2A account 

for more than 90%. PP-1 is an important serine / threonine phosphatase in eukaryotic cells, which can 

remove phosphate from phosphorase α and phosphatase kinase (β subunit), and play an important role 
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in regulating cell apoptosis, gene expression, glucose and lipid metabolism and memory formation[12]. 

OA is one of the known selective inhibitors of PP-1, and relevant studies have confirmed that OA can 

specifically reduce the activity of PP-1 and cause abnormal hyperphosphorylation of Tau protein, thus 

resulting in the toxicity of neurons[13]. Mouse brain neuroma cells (N2a cells) can gradually transformed 

into cell lines after continuous differentiation and no longer have the characteristics of tumor cells. 

Because the cell can produce a large number of microtubulin and act as a contractile system in nerve 

cells, and it was found in our laboratory that Aβ25-35 has toxic effect on N2A cells, and its toxic fragment 

is one of the main mechanisms of AD, which will lead to the hyperphosphorylation of Tau protein in 

the brain of AD patients. Therefore, N2a cells were selected to explore the other pathogenesis of AD in 

this study. Previous studies in our laboratory shows that SBF has certain inhibitory effect on the 

phosphorylation of Tau protein induced by Aβ25-35 in N2a cells, and it could inhibit the activity of GSK-

3β, CDK5 and PKA, so as to reduce the phosphorylation of Tau protein. 

LDH is a key enzyme in glycolysis. Up-regulation of LDH can induce glycolysis metabolism of tumor 

cells under hypoxia conditions. In the cell experiment, the amount of LDH release is an important 

indicator to detect the cell damage rate. In the preliminary study of N2a cells, it was found that LDH in 

N2A cells in model group was 8% (p<0.01) higher than that in control group, indicating that the damage 

rate of N2a cells was increased and the morphology of N2a cells was seriously damaged. Compared 

with Aβ25-35+OA group, LDH in N2a cells of SBF three dose treatment groups decreased by 2.89%, 

3.41% and 4.34%, respectively (p<0.01), and presented a dose-dependent relationship, indicating that 

SBF could improve the survival rate of N2a cells and has a better protective effect on cells. MTT assay 

can be used to detect the survival rate of cells, which is now used in many experimental laboratories for 

basic drug research. This study found that compared with the control group, the survival rate of N2a 

cells in the model group was decreased by 17.89% (p<0.01). Compared with the Aβ25-35+OA group, the 

survival rate of N2a cells in the SBF three dose treatment groups increased by 0.61%, 12.89% and 

25.90%, respectively (p<0.01), indicating that SBF significantly improved the damage of N2a cells 

induced by Aβ25-35. 

The results of this study showed that the protein expression level of PP-1 in N2a cells of Aβ group was 

decreased, which indicated that Aβ can reduce the activity of PP-1 and promote abnormal 

hyperphosphorylation of Tau protein. After the application of OA, the protein expression level of PP-1 

in N2a cells was significantly decreased, indicating that PP-1 activity was decreased, further indicating 

that OA inhibited the activity of PP-1. The protein expression level of PP-1 in N2A cells was also 

significantly decreased in Aβ25-35+OA group, which indicated that OA could significantly inhibit the 

activity of PP-1 in N2A cells induced by Aβ25-35, and make Tau protein not dephosphorylated and 

increase the phosphorylation level. The protein expression level of PP-1 in N2a cells were all increased 

in the three SBF dose groups , indicating that SBF can significantly increase the protein expression 

levels of PP-1 in N2a cells induced by Aβ25-35. 

The results of the study showed that Tau protein expression levels at Thr231, Ser404 and Ser199 sites 

were all increased in N2a cells except Thr205 site, indicating that the activity of PP-1 was increased 

and the hyperphosphorylation of Tau protein was promoted. Tau protein expression levels at Thr205, 

Thr231, Ser404 and Ser199 sites were also increased in N2a cells of OA group, indicating that the 

activity of PP-1 was increased and the phosphorylation level of Tau protein was also increased. After 

OA was added to the model group, the expression of Tau protein increased at Thr205, Thr231 Ser404 

and Ser199 sites, which indicated that the activity of PP-1 was significantly increased, further indicating 

that OA and Aβ25-35 acting on cells together could increase the activity of PP-1. The stronger the activity 

of PP-1, the stronger the phosphorylation level of Tau protein. At the sites of Thr205, Thr231 and 

Ser199, the expression level of Tau protein in SBF low dose treatment group showed an upward trend, 

indicating that low dose SBF did not decrease the hyperphosphorylation of Tau protein at Thr205, 

Thr231 and Ser199 sites. Inhibition of PP-1 activity can lead to abnormal activation of CDK5, GSK-3β 

and PKA, and abnormal increase of phosphorylation level of Tau protein. Activated GSK-3β can inhibit 

the activity of PP-1 by promoting the phosphorylation of C subunit of PP2A at Tyr307 site, which leads 

to the excessive increase of phosphorylation level of Tau protein. These results suggest that the 

application of suitable SBF dose is very important to study the mechanism of AD. The expression level 

of Tau protein was increased at Thr205 and Thr231 sites in SBF medium dose treatment group, 

indicating that middle dose SBF did not decrease the hyperphosphorylation level of Tau protein at 

Thr205 and Thr231 sites, which may be related to the increase of Tau protein phosphorylation level at 
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the phosphorylation site Ser199 and Thr205 of PP-2A. The expression level of Tau protein decreased at 

Thr205, Thr231, Ser404 and Ser199 sites in SBF high dose treatment group, indicating that PP-1 

activity increased, further indicating that SBF could increase the expression level of PP-1. And the 

results showed that SBF could reverse the increase of Tau protein phosphorylation level induced by 

Aβ25-35 in N2a cells. 

5. CONCLUSION 

This study suggests that the increase of Tau protein phosphorylation in N2A cells induced by SBF 

reversal Aβ25-35 is achieved by regulating the activity of PP-1. When the activity of PP-1 was enhanced, 

it could remove more phosphate, which decrease the hyperphosphorylation level of Tau protein. One of 

the main pathological features of AD is the hyperphosphorylation of Tau protein. This study suggests 

that SBF can reduce the hyperphosphorylation of Tau protein in the brain of AD patients. Whether SBF 

can protect AD through other mechanisms needs to be further studied. 

 
Fig1. The effect of SBF on morphological damage of N2a cells induced by Aβ25-35. A: control group. B: model 

group. C: OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L)+Aβ25-35+OA group. F: SBF (2.25 mg/L)+Aβ25-

35+OA group. G: SBF(4.5mg/L)+Aβ25-35+OA group. 

 

Fig2. The effect of SBF on the release of LDH from N2a cells induced by Aβ25-35 

 

Fig3. The effect of SBF on the survival rate of N2a cells induced by Aβ25-35 
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Fig4. The effect of SBF on the protein expression of PP-1 in the N2a cell by composited Aβ25-35. A: control group. 

B: model group. C: PP-1 inhibitor OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L) +Aβ25-35+OA group. 

F: SBF (2.25 mg/L)+Aβ25-35+OA group. G: SBF (4.5 mg/L)+ Aβ25-35+OA group. Mean±SD. n=3. #p<0. 05 vs 

control group. aap<0.01 vs model group. **p<0. 01 vs Aβ25-35+OA group. 

 

Fig5. The effect of SBF on the protein expression of p-Tau (Thr205) in the N2a cell by composited. A: control 

group. B: model group. C: PP-1 inhibitor OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L)+Aβ25-35+OA 

group. F: SBF (2.25 mg/L)+Aβ25-35+OA group. G: SBF (4.5 mg/L)+Aβ25-35+OA group. Mean±SD. 

 

 
 

 Fig6. The effect of SBF on the protein expression of p-Tau (Thr231) in the N2a cell by composited. A: control 

group. B: model group. C: PP-1 inhibitor OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L)+Aβ25-35+OA 

group. F: SBF (2.25 mg/L)+Aβ25-35+OA group. G: SBF (4.5 mg/L)+Aβ25-35+OA group. Mean±SD. n =2. **p<0. 

01vs Aβ25-35+OA group. 
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Fig7. The effect of SBF on the protein expression of p-Tau (Ser404) in the N2a cell by composited. A: control 

group. B: model group. C: PP-1 inhibitor OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L)+ Aβ25-35+OA 

group. F: SBF (2.25 mg/L)+Aβ25-35+OA group. G: SBF (4.5 mg/L)+Aβ25-35+OA group. Mean±SD. n =2. ap<0.05 

vs model group. *p<0.05 vs Aβ25-35+OA group, **p<0. 01 vs Aβ25-35+OA group. 

 

Fig8. The effect of SBF on the protein expression of p-Tau (Ser199) in the N2a cell by composited. A: control 

group. B: model group. C: PP-1 inhibitor OA group. D: Aβ25-35+OA group. E: SBF (1.125 mg/L)+Aβ25-35+OA 

group. F: SBF (2.25 mg/L)+Aβ25-35+OA group. G: SBF (4.5 mg/L)+Aβ25-35+OA group. Mean±SD. n =1. *p<0. 05 

vs Aβ25-35+OA group. 
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