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 2 

 Abstract  20 

Ganoderma lucidum extracts have shown antiepileptic effects in in vivo/vitro 21 

studies. In this work, primary hippocampal neurons cultured with magnesium-free 22 

medium were used to study the neuroprotective effects of ganoderic acid A and B 23 

(GA-A and GA-B) on superoxide dismutase (SOD) activity and mitochondrial 24 

membrane potential, to aid our understanding of their antiepileptic effect. The activity 25 

of SOD was determined by the xanthine oxidase assay, the variations of mitochondrial 26 

membrane potential and cell apoptosis were measured by JC-1 fluorescent staining 27 

and flow cytometry. It was found that the SOD activity and mitochondrial membrane 28 

potential (118.84 U/mg protein and 244.08 Δψm) of the epileptic hippocampal neurons 29 

were significantly lower than control ones (135.95 U/mg protein and 409.81 Δψm), 30 

associated with the obvious increase of cell apoptosis (31.88% vs. 8.84%). These 31 

circumstances can be improved, with the treatment of GA-A/GA-B (for SOD, 127.15 32 

± 3.82/120.52 ± 4.30 U/mg protein; for membrane potential (Δψm), 372.35/347.28; 33 

and for cell apoptosis (%), 14.93/20.52). Results indicated that GA-A significantly 34 

improved SOD activity, while both GA-A/GA-B tranquillized the mitochondrial 35 

membrane potential of hippocampal neurons, and thereby protected these neurons by 36 

inhibiting apoptosis. 37 

Key words: Ganoderic acids; Epileptiform hippocampal neurons; SOD; Mitochondrial 38 

membrane potential; Cell apoptosis-epilepsy 39 

40 
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 41 

1 Introduction  42 

Epilepsy is one of the most common neurological diseases affecting people of all ages 43 

(Silberberg et al., 2015). Most epileptic cases arise from excessive and abnormal 44 

synchronization of the brain, with recurrent seizures (Russell et al., 2013). The disease 45 

is usually controlled by daily anti-epileptic drugs (Mintzer et al., 2015). Unfortunately, 46 

more than 1/3 patients are not effective to the available anti-epileptic drugs (Perucca 47 

et al., 2007), which may exhibit side effects e.g. other nervous system problems 48 

(Perucca et al., 2013). Further, these drugs can only control the seizures, with no 49 

effect on pathological changes and the process of epilepsy. They have spurred the 50 

development of medications towards a better treatment and minimum, or no side 51 

effects. 52 

Certain seizures cause damage to the hippocampal neurons in experimental animals 53 

and human studies (Henshall et al., 2016). These are associated with an increase in 54 

free radical generation which may result in mitochondrial dysfunction and numerous 55 

apoptotic processes (Waldbaum and Patel, 2010; Zsurka and Kunz, 2015). Various 56 

apoptosis related proteins or cytoplasmic organoids have been found to be the causes 57 

of hippocampal apoptosis, such as, decreasing of the superoxide dismutase (SOD) 58 

activity and damage of mitochondria (Waldbaum and Patel, 2010; Zsurka and Kunz, 59 

2015). SOD, a key enzyme in converting the dismutation of superoxide radicals into 60 

hydrogen peroxide, is an important antioxidant in nearly all cells exposed to oxygen. 61 

Its activity will be decreased dramatically due to a large quantity of SOD consumed 62 

during free radical scavenging. Therefore, SOD level reflects the antioxidant capacity 63 

of cells as well as indirectly reflect the hippocampal neuronal damage (Zsurka and 64 

Kunz, 2015). In various epilepsy models, the hippocampal damage usually has the 65 

typical features of apoptosis, with the cell biological function reduced by oxidative 66 

stress (Henshall, 2007). Results did indicate that lower SOD activity was found in the 67 

damaged hippocampal neurons in those patients with status epilepticus (Henshall and 68 

Murphy, 2008). Furthermore, recent studies have revealed that mitochondria are the 69 

primary site of reactive oxygen species making them uniquely vulnerable to oxidative 70 

damage in the hippocampus that consequently may affect neuronal excitability and 71 
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seizure susceptibility (Waldbaum and Patel, 2010). In a sense, the role of 72 

mitochondrial dysfunction, e.g. the damage of the energy supply system, and 73 

oxidative stress, are known to incite chronic epilepsy as well as precede neuronal cell 74 

death (Waldbaum and Patel, 2010; Zsurka and Kunz, 2015). 75 

Ganoderma lucidum is a precious medicinal fungi. Ganoderma lucidum spores could 76 

decrease hippocampal epileptiform activities, via attenuating the apoptosis induced by 77 

epilepsy (Wang et al., 2013; Wang et al., 2014). Ganoderic acids (GAs) are the major 78 

chemical constituents of Ganoderma lucidum spores, and usually responsible for 79 

many pharmacological effects (e.g. immunomodulation and antioxidant protective 80 

system) (Koyama et al., 1997; Liu et al., 2015). Our previous studies showed the 81 

neuroprotective effects of raw GAs extracts in epileptiform primary hippocampal 82 

neurons (Liu et al., 2013; Yang et al., 2016). Other GAs, e.g. GA-T1, T2 or GA-MK, 83 

also targeted on the antioxidant defense system and induced apoptosis in HeLa 84 

cervical cancer cells (Liu et al., 2015). However, among dozens of isolated GAs, 85 

ganoderic acid A and B are the best characterized. There was no report on their 86 

neuroprotective effect, as well as the correlative effects on SOD and the mitochondrial 87 

membrane. 88 

Epileptic animal models have been frequently used to test antiepileptic drugs and 89 

explore their mechanism of action (Raol and Brooks-Kayal, 2012; Sarma and 90 

Bhattacharyya, 2014), an in vitro model of epileptic hippocampal neurons, the 91 

magnesium-free cell culture model of epilepsy,  has been developed decades ago 92 

(Sombati and Delorenzo, 1995; Mangan and Kapur, 2004) and widely been used in 93 

epileptic research (Churn et al., 2000; Liu et al., 2013; Wang et al., 2014), with the 94 

clinical relevance that magnesium deficits can increase seizure susceptibility to 95 

stimuli or even cause seizures in humans (Yang et al., 2016). Neurons cultured in a 96 

medium without Mg
2+

 for 3 hours generate a neuronal firing frequency of 5-17 Hz, 97 

and more than 90% of the neurons continue to undergo spontaneous epileptiform 98 

discharges up to 24 hours. This in vitro epileptic model has been widely used for 99 

investigation of the biochemistry, electrophysiology and molecular biology of the 100 

changes that occur under experimental conditions (Mangan and Kapur, 2004; Avoli et 101 
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al., 2002). Therefore, this model was used to study the effects of GA-A and GA-B on 102 

the SOD activity and mitochondrial membrane potential of epileptiform hippocampal 103 

neurons, by using the xanthine oxidase assay and the JC-1 fluorescent staining flow 104 

cytometry. These results will be valuable to the understanding on the anti-epileptic 105 

mechanism of GAs, and have the potential to open up new therapeutic approaches for 106 

epilepsy. 107 

2 Results and Discussion 108 

2.1Morphology observation  109 

Cultured hippocampal neurons were observed at 24 hours, 3 days, 5 days, and 9 days. 110 

The cells were adhered with spindle-shape or irregularly shape synapses at 24 hours 111 

(Fig. 1A). Then the cell number increased, with the connected network of synapse at 112 

day 3 (Fig. 1B); the neurons were bigger and obvious, the neurites were dense, thick 113 

and long at day 5 (Fig. 1C). The neurons were mature and unevenly distributed at day 114 

9 (Fig. 1D). 115 

 116 
Fig 1. Hippocampal neurons (x200) cultured at 24 hours, the cells were adhered with 117 

spindle-shape or irregularly shape (A); day 3, the cell connected network of synapse 118 

(B); day 5, the neurons were bigger and obvious and long (C); and day 9, the neurons 119 

were mature and unevenly distributed (D). 120 
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  121 

2.2 Effect on cell viability 122 

Hippocampal neurons were detected by NSE immunofluorescence staining. It was 123 

found that the mature bodies were plump, triangular or round, at the same time, their 124 

neurites were dense, thick and interweaved into a network (Fig 2). Cytoplasm and 125 

neurites stained green, revealing the presence of NSE. Conversely, the nuclei were 126 

colourless. On day 9, the hippocampal neurons differentiated completely, and the 127 

purity of hippocampal neurons was higher than 96%.  128 

 129 

 130 

Fig 2. Immunofluorescence stain of NSE in hippocampal neurons (×400). Cytoplasm 131 

neurites stained green, the mature bodies were plump, triangular or round, at the same 132 

time, their neurites were dense, thick and interweaved into a network. Cytoplasm and 133 

neurites stained green, revealing the presence of NSE. Conversely, the nuclei were 134 

colourless.   135 

 136 

To clarify the protective effect of GA-A and GA-B, hippocampal neurons cultured in 137 

magnesium-free medium were evaluated using an established MTT assay method. In 138 

this work, magnesium-free medium was used to induce hippocampal neurons, with a 139 

decrease of cell viability to 40.5 ± 2.2% (P < 0.01) (Fig 3). After a further incubation 140 

of 24 h in the presence or absence of GA-A and GA-B (10, 20, 30, 40, 50 μg/ml), we 141 

found that the cell activities of hippocampal neurons with GA-A and GA-B were 142 

increased with dosages, using magnesium-free induced hippocampal neurons. As 143 

shown in Fig 3, GA-A and GA-B at all concentrations (10-50 μg/ml) increased cell 144 

viability. The viability of hippocampal neurons cultured with added GA-A and GA-B 145 
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were increased significantly at 24 hours (Fig 4) of incubation, and equal to the 146 

first-line antiepileptic drug of sodium valproate, compared to other time points (data 147 

not shown). Thus，an action time of 24 hours and a dose of 50 μg/ml were adopted for 148 

the subsequent experiments. Taken together, these results demonstrated that GA-A 149 

and GA-B can alleviate the damage to hippocampal neurons cultured in a 150 

magnesium-free environment, exhibiting a protective effect on neurons. It is 151 

consistent with previous experiments that Ganoderma lucidum (Wang et al., 2013, 152 

2014; Zhou et al., 2010; Zhou et al., 2012) and our raw GA extracts (Liu et al., 2013; 153 

Yang et al., 2016) have a neuroprotective effect in hippocampal neurons, with a 154 

significant correlation between antioxidant effects.  155 

 156 

 157 

Fig 3. Cells were cultured in a magnesium-free medium in the absence or presence of 158 

ganoderic acids A and B (GA-A and GA-B) (10, 20, 30, 40, 50 μg/ml) for 24h. Cell 159 

viability was assessed by MTT assay and the results are expressed as means ± SD 160 

(n=5). * P < 0.01, compared with the Control group. # P < 0.01, compared with the 161 

Model group. 162 

 163 

 164 

 165 
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 166 

Fig 4. Cells were incubated with ganoderic acids A and B (GA-A and GA-B, 50 167 

μg/mL) for 24h. Sodium valproate (SV, 100 mg/mL) is used as a positive contrast. 168 

Cell viability was assessed by MTT assay and the results are expressed as means ± SD 169 

(n=5). OD is absorbance. * P < 0.01, compared with the Control group. # P < 0.01, 170 

compared with the Model group. 171 

 172 

2.3 Effect on the SOD activity 173 

As described in the Introduction section, GA-A and GA-B from Ganoderma lucidum 174 

are both anticipated to prevent damage to hippocampal neurons, because of their 175 

chemical structure and pharmacological properties (Shaio 2003; Boh et al., 2007). 176 

However, its neuronal effects have not been sufficiently explored. In recent years, it 177 

was found that SOD activity could reflect the damage of hippocampal neurons 178 

(Henshall and Murphy, 2008; Chen et al., 2009). In this regard, the xanthine oxidase 179 

assay was utilized to provide comprehensive analysis effects of GA-A and GA-B on 180 

SOD activity, in order to understand the protective effect of GA-A and GA-B on 181 

epileptiform hippocampal neurons. The experimental results of each group are 182 

summarized in Fig 5. In contrast to the Control group, SOD activity was significantly 183 

decreased in epileptiform hippocampal neurons, from 135.95 ± 5.30 to 118.84 ± 4.70 184 

U/mg protein. The difference had significant difference (P < 0.01). With the treatment 185 

of GA-A, the SOD activity of hippocampal neurons (127.15 ± 3.82 U/mg protein) was 186 

significantly higher than that of the epileptic cell model, showing a significant 187 
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difference (P < 0.01), but, not in the treatment of GA-B (120.52 ± 4.30 U/mg protein). 188 

The changes in SOD activity does not appear to be that marked, this might be caused by 189 

not excluding the dead cells, whose mitochondria may still affect artifactually SOD 190 

determination. Consequently SOD levels might be increased than present results if the 191 

dead cells were removed. The correlation coefficient was positive, which is 0.9314 192 

between SOD activity and cell viability in current condition.  In contrast, the SOD 193 

activity of hippocampal neurons with sodium valproate was greatly changed, which 194 

was 130.94 ± 0.49 U/mg protein. It means that GA-A, but not GA-B might 195 

significantly improve the SOD activity of epileptiform discharge hippocampal 196 

neurons.  197 

 198 

 199 

Fig 5 SOD activities of compounds compared with sodium valproate (SV). Values of 200 

each curve are means ± SD (n = 5). * P < 0.01, compared with the Control group. # P 201 

< 0.01, compared with the Model group. 202 

2.4 Effect on the mitochondrial membrane potential   203 

It was found that the role of mitochondria in programmed cell death came into the 204 
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spotlight after the discovery of localized anti-apoptotic factors’ mainly on the 205 

mitochondrial membrane (Zhou et al., 2010). The participation of mitochondria in 206 

apoptosis has also been substantiated by a large number of reports describing 207 

proapoptotic mitochondrial alterations, such as the production of reactive oxygen 208 

species (Zhou et al., 2012). Our results revealed that the mitochondrial membrane 209 

potential of the epileptiform hippocampal neurons (Model group) was significantly 210 

lower than that of the Control group (Δψm, 244.08 ± 23.61 vs. 409.81 ± 34.21), 211 

associated with apoptosis rate increasing significantly (31.88 ± 1.05 vs. 8.84 ± 0.74) 212 

(Table 1 and Fig 6). The difference had significant difference (P < 0.01). With the 213 

treatment of GA-A / GA-B, the value of mitochondrial membrane potential was 214 

increased to 372.35 ± 22.37 / 347.28 ± 25.13, respectively; and the apoptosis rate was 215 

significantly reduced (14.93 ± 1.72 / 20.52 ± 1.55). There were significant differences 216 

between the two groups and Model group (P < 0.01). It indicated that GA-A and 217 

GA-B can regulate and improve the function of mitochondria, tranquillize the 218 

mitochondrial membrane potential, and then restraint the apoptosis of epileptiform 219 

hippocampal neurons. Several studies have already showed that the importance of 220 

preservation of the mitochondrial membrane potential is critical to mitochondrial 221 

events of apoptosis (Lakhani et al., 2006). However, ganoderic acid Mf and S induce  222 

 223 

Table 1. Mitochondrial membrane potential (MMP, Δψm) and apoptosis rate of 224 

each group 225 

Group MMP (Δψm) Apoptosis rate (%) 

Control 409.81±34.21  8.84±0.74 

Model 244.08±23.61
*
 31.88±1.05

*
 

GA-A 372.35±22.37
#
 14.93±1.72

#
 

GA-B 347.28±25.13
#
 20.52±1.55

#
 

Sodium valproate 384.19±25.32
#
 47.13±2.01

#
 

Note: * P < 0.01, compared with the Control group. # P < 0.01, compared with the 226 

Model group. 227 

 228 

 229 

 230 
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 231 

mitochondria mediated apoptosis via decreasing the mitochondrial membrane 232 

potential in human cervical carcinoma HeLa cells (Liu and Zhong 2006). Status 233 

epilepticus results in oxidative damage involving calcium overload and induction of 234 

apoptosis (Waldbaum and Patel, 2010; Zsurka an, Kunz, 2015). Our previous studies 235 

did show the extracts of Ganoderma lucidum reduce the calcium overload in epileptic 236 

neurons (Wang et al., 2013), subsequently, it would be worthwhile to test the effect of 237 

GAs on the calcium turnover, which not only affect mitochondrial membrane 238 

potential but also apoptosis.  239 

 240 

 241 

 242 

Fig 6. Mitochondrial membrane potential and apoptosis rate (JC-1 staining): A) 243 

Control group, B) Model group, C) GA-A group, D) GA-B group and E) SV group 244 

 245 

In summary, experimental data from animal and human studies have shown that 246 

certain seizures cause damage to the hippocampal neurons, associated with numerous 247 

apoptotic cells. Various apoptosis-related proteins and/cytoplasmic organoids have 248 

been found to be the cause of hippocampal apoptosis. The mitochondrial damage in 249 

the epileptiform hippocampal neurons may be caused by lipid peroxidation induced 250 

by oxygen free radicals. Our experiments indicated that ganoderic acids regulated 251 

mitochondrial lipid peroxidation and stabilized the mitochondrial membrane potential, 252 

to maintain the normal structure of mitochondria. In addition, the apoptosis rate has a 253 

close relationship with SOD activity and mitochondrial membrane potential, which 254 
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indicated that the mitochondrial pathway is an important pathway to the apoptosis of 255 

epileptiform hippocampal neurons. Altogether, ganoderic acid A can significantly 256 

improve the SOD activity, and both ganoderic acid A and B stabilize the mitochondria 257 

membrane potential in hippocampal neurons, and thereby protect the hippocampal 258 

neurons by inhibiting apoptosis.  259 

3. Experimental: 260 

3.1 Animals and materials 261 

Newborn Wistar rats (24 hours old) were provided by the Experimental Animal 262 

Center of Jiamusi University, whose Ethical Committee also provided guideline and 263 

approval. The rats were handled in compliance with the principles of the National 264 

Institute of Health Guide for the Care and Use of Laboratory Animals (NIH, 1986). 265 

All efforts were made to minimize both the number of animals used and any suffering 266 

that they might experience. GA-A and B (HPLC grade) were provided from WuXi 267 

App Tec Inc. (Shanghai, China). Mitochondrial membrane potential assay kit with 268 

JC-1 and SOD activity assay kit were obtained from the Beyotime Institute of 269 

Biotechnology (Jiangsu, China). Neurobasal medium, B27 supplement and fetal 270 

bovine sera (FBS) were purchased from GIBCO (Grand Island, NY, USA). Neuron 271 

specific enolase (NSE) assay kit was obtained from Boster Biological Technology Ltd. 272 

(Wuhan, China). All other general chemicals were bought from Sigma (St. Louis, MO, 273 

USA). 274 

3.2 Cell culture 275 

In accordance with our previous work (Wang et al., 2013, 2014; Liu et al., 2013; 276 

Yang 2016), all surgery was performed under sodium pentobarbital anesthesia, 277 

primary hippocampal neurons were harvested from the newborn Wistar rats. Setup 278 

details were in accordance with our previous studies (Wang et al., 2013, 2014; Liu et 279 

al., 2013; Yang 2016). Briefly, hippocampal tissues were harvested under sterile 280 

conditions. They were collected into D-Hanks solution and washed three times at 4℃. 281 

Under microscope, they were cut into 1 mm3 pieces and then they were incubated 282 

with 0.125% trypsin solution of 5 times volume of hippocampal tissues in a 37℃ 283 

incubator (containing 5% CO2), with gentle shaking of the preparation every 5 284 

minutes. 20 minutes later, an equivalent volume of maintaining medium [Neurobasal 285 

medium (Cat. No. 21103049, Gibco), 2% B27 supplement (Cat. No. 17504044, Gibco) 286 
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and 0.5 mmol/L glutamine] was added and the preparation incubated for a further 5 287 

minutes to stop the trypsin digestion. The cells were then centrifuged at 1000 rpm for 288 

5 minutes. Supernatant was removed and maintaining medium added to the cells 289 

which were then filtered through a 200 mM mesh. The filtered solution with cells was 290 

adjusted to a 5×10
5
/ml cell suspension by using maintaining medium. Cells (of 291 

density 5 x 10
5
/ml) were respectively transferred into a 25 cm

3
 culture plate, each well 292 

of 6- and 96-well plates, and incubated in a 5 % CO2 incubator (37 °C). When the 293 

cultured cells grew against the wall of culture plate well, the whole culture medium 294 

(neurobasal medium, 2% B27 supplement, 0.5 mmol/L glutamine and 10% FBS) was 295 

replaced by a nutrient maintaining medium. Half the culture plate medium volume 296 

was replaced every other day. Images of cultured hippocampal neurons were recorded 297 

at 24h, 3, 5 and 9 days respectively as previous studies (Wang et al., 2013, 2014; Liu 298 

et al., 2013; Yang 2016). Hippocampal neurons cultured for 9 days were used and 299 

identified by detection of NSE with antibodies (Wang et al., 2013, 2014). When the 300 

purity of the neurons was up to 96%, the cells were used for further assessment. 301 

Epileptic model of hippocampal neurons was set up using a conventional method 302 

(Wang et al., 2013, 2014). Briefly, hippocampal neurons were cultured in nutrient 303 

maintaining medium. At day 9, the nutrient maintaining medium was replaced with 304 

extracellular medium without Mg
2+

 (145 mmol NaCl, 2.5 mmol KCl, 2 mmol CaCl2, 305 

10 mmol HEPES, 10 mmol glucose, 0.002 mmol glycine, pH 7.2, 290610 mOsm) and 306 

treated for 3 hours. Then, the normal extracellular culture medium (145 mmol NaCl, 307 

2.5 mmol KCl, 2 mmol CaCl2, 1 mmol MgCl2, 10 mmol HEPES, 10 mmol glucose, 308 

0.002 mmol glycine, pH 7.2, 290610 mOsm) was replaced and the cells incubated for 309 

a further 3 hours. 310 

3.3 Cell viability in hippocampal neurons 311 

Epileptic hippocampal neurons were treated as the Model group. The cell viabilities 312 

of GA-A and GA-B on hippocampal neurons were assessed by the MTT method (Guo 313 

et al., 2013). Briefly, cells were plated in the 96-well culture plates in the absence, or 314 

presence of various concentrations (10, 20, 30, 40, 50 μg/ml, five wells per 315 

concentration) of GA-A, or GA-B respectively, incubated at 37°C, with 5% CO2, with 316 
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continuous observation for 24 h (Wang 2013, 2014). Then, neurons were randomly 317 

divided into five groups: 1) normal hippocampal neurons (Control group); 2) epileptic 318 

hippocampal neurons group (Model group, see details in Section 2.2); 3)/4) 319 

GA-A/GA-B groups, cells were treated with Mg
2+

 free extracellular medium for 3h, 320 

then cultured with normal medium containing GA-A/GA-B (50 μg/ml); 5) Sodium 321 

valproate (SV) group, cells were treated with Mg
2+

 free extracellular medium for 3h, 322 

then cultured with normal medium containing sodium valproate (a first-line drug for 323 

epilepsy, 100 mg/mL). The time dependencies of agents were observed at 12, 24, 48 324 

and 72h, respectively. MTT solution (5 mg/mL) was then added to each well. After 4h 325 

incubation, the formazan precipitate was dissolved in 200 μL dimethyl sulfoxide, and 326 

then the absorbance was measured at 490 nm in a microplate reader (Thermo 327 

Molecular Devices Co., Union City, CA, USA). All assays were repeated three times.  328 

3.4 Determination of SOD activity 329 

Measurement of the effects of GA-A or GA-B on SOD activity was performed using 330 

the xanthine oxidase assay according to the manufacturer's directions. Briefly, cells 331 

were digested and centrifuged at 1000 x g for 10 min at 4 °C. The supernatants were 332 

discarded, washed with phosphate buffered saline (PBS, pH=7.4) twice, lysed cells in 333 

ice cold 0.1 M Tris/HCl, pH 7.4 containing 0.5 % Triton X-100, 5 mM β-ME, 0.1 334 

mg/ml PMSF. The crude cell lysate was centrifuged at 14 000 g for 5 minutes at 4°C 335 

and the cell debris was discarded. The absorbance was measured at 550 nm using a 336 

microplate reader (Thermo Molecular Devices Co., Union City, USA). 337 

3.5 Flow cytometric analysis  338 

Mitochondrial membrane potential (Δψm) and apoptosis were counted by flow 339 

cytometry. Approximately 1.0 × 10
6
 cells from each sample were collected. After 340 

indicated treatments (Sombati and Delorenzo, 1995), cells were incubated with JC-1 341 

staining solution (10 μg/ml) for 20 min at 37°C in the dark. JC-1 is capable of 342 

selectively entering mitochondria and emits green/red fluorescence when Δψm is 343 

relatively low/high. For apoptosis, 1.0 ml of propidium iodide solution (50 μg of 344 

propidium iodide, 4 mM of sodium citrate, 1 mg/ml of RNase A and 1% of Triton 345 

X-100) was added to the incubating cells away from light for 30 min at 37°C. The 346 

fluorescence of separated cells was detected with a flow cytometer using the 347 

FACSCalibur™ detector (Becton Dickinson, USA) at 488 nm excitation wave length. 348 

Apoptotic cells were analyzed with a FACSCalibur® flow cytometer (BD Biosciences, 349 
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Burlington, MA, USA) (Rao and Brooks-Kayal, 2012). Data was analyzed with 350 

WinMDI2.9 software. Each assay was repeated 3 times and no obvious deviations 351 

were observed. 352 

3.6 Image and statistical analysis 353 

Images of hippocampal neurons were taken by the confocal laser scanning (CLS) 354 

method (Wang et al., 2013), and Image-Pro Plus software (Media Cybernetics, Silver 355 

Spring, MA, USA) was used for image analysis (Wang et al., 2013). Data was 356 

expressed as mean values ± standard deviations (SD) (n = 5). The significance of 357 

difference was calculated by one-way analysis of variance via SPSS software (Release 358 

12.1; SPSS Inc., Chicago, IL), and values p < 0.05 were considered to be significant. 359 

 360 
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