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Abstract: This study aimed to investigate the effects of microglial activation on the onset of epilepsy. Microglias 
cultured in vitro were stimulated with different concentrations of coriaria lactone (CL), and the effects on cell cycle 
and apoptosis were examined using flow cytometry. Then microglia were stimulated with 5×10-5 mol/L CL, and lev-
els of cyclin D1 and interleukin-1β (IL-1β) mRNA were measured by fluorescence quantitative PCR; tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β) in supernatant were detected by radioimmunoassay. Finally, microglia-
conditioned medium (MCM) obtained after various durations of CL treatment was infused into rat lateral ventricle, 
and rat behavior was observed and cortical electroencephalograms (EEGs) were recorded. Immunofluorescence 
staining was used to measure glutamate content in the rat cerebral cortex and hippocampus. Compared with the 
cell cycle phase distribution in the control group, the percentage of CL-treated cultured microglia in G0/G1 phase 
was significantly lower, while the percentages of microglia in S phase and G2/M phases were significantly higher. CL 
increased the gene expression of cyclin D1 and the secretion of TNF-α and IL-1β. Epileptic seizures were induced 
in rats after intraventricular injection with MCM from CL-treated cells, with animals showing bilateral beard shaking 
and forelimb tremor. EEGs from these animals exhibited epileptiform waveforms (such as spike waves, sharp waves 
and spike-slow waves), and glutamate content in the cerebral cortex and hippocampus was significantly increased. 
CL may therefore activate microglia by promoting proliferation and upregulation of cell factor (e.g., cyclin D1, TNF-α 
and IL-1β) expression. We have shown that CL-treated MCM can induce the onset of epilepsy in rats in vivo, and its 
mechanism of action may involve the upregulation of glutamate expression. In summary, microglial activation is an 
important link in the pathogenesis of the onset of epilepsy. 
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Introduction

Epilepsy is a common clinical syndrome of the 
central nervous system. Patients suffer recur-
rent seizures, which are a result of aberrant, 
excessive and synchronous firing of groups of 
neurons within the brain. Epilepsy pathogene-
sis is associated with regulatory imbalance of 
the neuro-immune-endocrine network [1]. Stu- 
dies of the relationship between the immune 
system and epilepsy have made some progress 
in recent years. Children with epilepsy often 
have impaired immune function [2]. Microglias 
are immune effector cells located in the central 
nervous system, and they play an important 
role in the initiation, development and progno-
sis of immune inflammatory reactions in the 
brain [3]. Under normal physiological condi-
tions, microglia in a quiescent state can moni-
tor immune function. Under conditions of cen-

tral nervous system damage and various types 
of immune stimulation, microglia are rapidly 
activated. Therefore, microglias are also called 
“central pathological receptors” [4, 5]. To under-
stand the role of activated microglia in the 
pathogenesis of epilepsy, in this study microglia 
were activated by the chemical epileptogenic 
agent coriaria lactone (CL). Then the activated 
microglia-conditioned medium (MCM) was in- 
fused into rat lateral ventricle. Rat behavior and 
electroencephalogram (EEG) recordings were 
observed to explore the role of microglial activa-
tion in epileptic seizures. 

Materials and methods

Experimental animals 

Newborn Sprague Dawley rats (within 24 hours) 
and healthy adult Sprague Dawley rats (male, 
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170-210 g) were provided by the Experimental 
Animal Center of Tongji Medical College of Hua- 
zhong University of Science and Technology in 
China. This study was approved by the Ethical 
Committee of Tongji Medical College, Huazhong 
University of Science and Technology.

Purification, isolation and culture of microglia 

In accordance with the modified method of 
McCarthy [6], the cerebral cortex of newborn 
Sprague Dawley rats was fully minced, digested 
with 0.125% trypsin at 37°C for 5 min, filtered 
with 200-mesh nylon mesh, and centrifuged  
at 1,000 rpm for 10 min. The supernatant was 
discarded. Cell density was adjusted to 5×105/
cm2 by adding Dulbecco’s Modified Eagle Medi- 
um (DMEM)/F12 medium containing 10% fetal 
bovine serum and 10% calf serum. The cells 
were incubated in polylysine-coated culture 
flasks at 37°C with 5% CO2. At 7-9 d of primary 
culture, cells grew to more than one layer. After 
removal of the medium, lidocaine hydrochloride 
(12 mmol/L) was added, and then the culture 
flask was placed in an incubator at 37°C for  
3-5 min without stirring. The culture flask was 
shaken for approximately 2 min, and cells were 
observed under a microscope. The cell suspen-
sion was collected and centrifuged at 1,000 
rpm for 5 min. Cells were harvested and incu-
bated in a culture plate for 30 min. The medium 
was replaced with fresh medium and non-
adherent cells were removed. Purified microg-
lias at a density of 4×104/cm2 were further cul-
tured in the culture flask. One third of the medi-
um was replaced every two to three d. Static 
cells were identified according to Tanaka’s defi-
nition [3]. That is, (1) cells have at least two pro-
cesses extending from the cell body; the length 
of the processes is at least half the diameter of 
the cell body (usually 15-20 µm), where cell 
body diameter is the average of the long and 
short axes; (2) if cells have only two processes 

microglial cell cycle phases and apoptosis were 
detected by flow cytometry. Purified microglias 
were cultured for 5-7 d until cell bodies were 
retracted and processes extended. At 1, 2, 4, 
8, 12 and 24 hours after stimulation, cells were 
digested with 0.125% trypsin, centrifuged at 
1,000 rpm for 5 min and washed twice with 
PBS. Cells were shaken and fixed with 75% 
alcohol (-20°C) at 4°C overnight. After centrifu-
gation and two washes with PBS, cells were 
stained with propidium iodide in the dark for 30 
min. Cell cycle phase and apoptotic status were 
determined with FACScalibur flow cytometry. 

Real time fluorescence quantitative poly-
merase chain reaction (PCR) 

In accordance with a previous study [7], real 
time fluorescence quantitative PCR was per-
formed with SYBR Green I using an Mx3000PT 
detection system. The reaction solution (25 μl) 
consisted of 150 ng cDNA reverse transcribed 
from total RNA, 1 μl Taq DNA polymerase (1 
unit/μl), 1X PCR reaction buffer, 3 mmol/L 
MgCl2, 2 mmol/L dNTPs, SYBR Green I (20X) 
0.25 μl, 20 pmol/L cyclin D1 (or IL-1β or β-actin) 
upstream and downstream primers. Reaction 
conditions were as follows: pre-denaturation at 
95°C for 5 min, denaturation at 95°C for 30 s, 
annealing at 62°C for 40 s, extension at 72°C 
for 30 s, 85°C for 8 s, for a total of 35-40 
cycles. Fluorescence intensity was detected in 
each cycle at 85°C (cyclin D1 or β-actin) or 
83°C (IL-1β). Primers were designed and syn-
thesized by Beijing Ao Ke Co., Beijing, China 
(Table 1). 

Intraventricular injection with MCM, EEG re-
cording and behavioral observations 

Microglia-conditioned medium (MCM) was ex- 
tracted in accordance with Kim’s method [8]. 
Purified microglias seeded on 24-well plates 
were incubated with DMEM containing 5×10-5 

Table 1. Primers and sequences for SYBR Green 1 fluores-
cent quantitative PCR
Gene Primer Sequence (5’ to 3’) Product size (bp)
cyclin D1 Forward CGCGTACCCTGACACCAATC 293

Reverse TCTTAGAGGCCACGAACATGC
IL-1β Forward CTCCATGAGCTTTGTACAAGG 245

Reverse TGCTGATGTACCAGTTGGGG
β-Actin Forward TCCTCCCTGGAGAAGAGCTA 302

Reverse TCAGGAGGAGCAATGATCTTG

extending from the cell body, one of 
the processes must have a branch. 

Flow cytometry 

Coriaria lactone (CL) was diluted with 
PBS to different concentrations (10-3, 
10-4, 10-5 or 10-6 mol/L) and used  
to stimulate microglia. Then 5×10 -5 
mol/L CL was chosen to stimulate 
microglia for different lengths of time 
(0, 1, 2, 4, 8 or 24 h). Indicators of 
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mol/L CL. At 0, 1, 2, 4, 8 and 24 h, microglias 
were washed three times with D-hanks. 400 μl 
of serum-free DMEM was added overnight. The 
supernatant was collected and centrifuged at 
1,000 rpm for 5 min. MCM collected at various 
time points (designated MCM0, MCM2, MCM4, 
MCM8 or MCM24 according to the stimulation 
time with coriaria lactone) was stored at -20°C 
until further use. 

Forty-two healthy adult male Sprague Dawley 
rats weighing 170-210 g were randomly assign- 
ed to six groups of equal size (MCM0, MCM2, 
MCM4, MCM8, MCM24 and control). The con-
trol group comprised rats treated with physio-
logical saline. The rats were anesthetized via 
intraperitoneal injection and fixed on a stereo-

Immunofluorescence staining 

At 45 min after injection, rats were rapidly de- 
capitated. The brain was placed on ice, embed-
ded with optimal cutting temperature solution, 
and placed in -70°C acetone for 1 minute. The 
brain tissue was then sliced into sections. The 
sections were fixed with 4°C acetone for 15 
min, washed with PBS and blocked with PBS 
supplemented with 5% bovine serum albumin 
for 1 hour. The sections were then incubated 
with rabbit polyclonal anti-Glu antibody (1:200, 
Boster Biological Technology Co. Ltd) at 37°C 
for 1 hour and Cy2-labeled goat anti-rabbit IgG 
(1:1,000) at 37°C for 45 min. For negative con-
trols, sections were incubated with PBS instead 
of primary antibody. 

Figure 1. Purified cultures of microglia (phase contrast microscope, ×250). 
(A) Microglia were round and irregular at day 1; (B) A few microglia extended 
protuberances at day 2; (C, D) Cell bodies were elongated, and asymmetrical 
branches were visible at day 4 (C) and day 5 (D); (E) On day 5, microglia were 
positive for CD11b/c; (F) On day 5, microglia were positive for NF-кB p65 in the 
cytoplasm. 

taxic apparatus in a prone 
position. A screw electrode 
was put in each side of the 
head (6.0 mm posterior to 
bregma, 4.3 mm lateral to 
the midlin), to record corti-
cal potential, while a refer-
ence electrode was placed 
7.0 mm anterior to the bre- 
gma, to transfer the signal 
to the RM6240 multi-chan-
nel physiological signal ac- 
quisition system. In each 
group, 4 μl of MCM was in- 
jected in the lateral ventri-
cle, 0.8 mm posterior to the 
anterior fontanelle, 1.5 mm 
right of the median line, 
and 3.8 mm below the dura 
mater. Baseline EEG was 
observed for 10 min. After 
injection, EEG was moni-
tored and recorded for 2 
hours. Three rats from ea- 
ch group were selected for 
behavioral observation and 
EEG recording, and three 
for glutamate immunohis-
tochemistry. Rat behaviors 
were classified according 
to Diehl’s levels [5]: 0, no 
reaction; I, beard moving, 
chewing; II, head and fac- 
ial twitching; III, forelimb or 
hindlimb twitching; IV, rhy- 
thmic twitching of limbs; V, 
tonic convulsions of limbs, 
with swinging tail or rolling. 
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Figure 2. Microglial cell cycle phase and apoptosis 12 h after stimulation with coriaria lactone (CL) as detected by flow cytometry. (A) control group; (B) 10-6 mol/L CL 
group; (C) 10-5 mol/L CL group; (D) 10-4 mol/L CL group; (E) 10-3 mol/L CL group; (F) Distribution of microglial cell cycle phase and apoptosis in each group 12 h after 
stimulation with CL. Compared with the control group, the percentage of microglia in G0/G1 phase was significantly lower (P < 0.05), but the percentage of microglia 
in S phase was significantly higher (P < 0.05) in each concentration stimulation group. The percentage of microglia in G2/M phases was significantly higher (P < 
0.05) in each concentration stimulation group except for the 10-3 mol/L CL group. The percentages of apoptotic cells in 10-4 mol/L and 10-3 mol/L CL groups were 
higher compared with that of the control group (P < 0.05). 
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Image analysis and statistical analysis 

Five sections from each rat were examined. 
Images were analyzed with Image pro plus 5.0 
software. Fluorescence intensity was obtained 
by measuring the mean gray value of the imag-
es. Data were processed with the SPSS 19.0 
software package. All data were expressed as 
the mean ± SD. Analysis of variance was used 
to calculate P values. P < 0.05 was considered 
statistically significant. 

Results 

Microglial culture 

Most microglia were adherent after 15-30 min. 
These microglias were round (Figure 1A). After 
two d of culture, cell bodies were retracted. A 

few cell bodies extended processes, and most 
cells were unipolar (Figure 1B). Three to five d 
later, approximately half of the cells were alter- 
ed from the active state to the stationary state. 
Cell bodies were elongated, and asymmetrical 
branches were visible (Figure 1C, 1D). Positive 
staining with CD11b/c antibody is shown in 
Figure 1E. Positive cells were of ≥98% purity. 
Immunocytochemical staining revealed that 
NF-κB p65 expression was present in the cyto-
plasm (Figure 1F). 

Activated microglia after stimulation with cori-
aria lactone 

Cell cycle and apoptosis detected by flow cyto- 
metry: After 12 h of stimulation with coriaria 
lactone (CL), in vitro purified microglia in the dif-
ferent groups were mainly in the G0/G1 phase, 

Figure 3. Effects of 5×10-5 mol/L coriaria lactone (CL) on cell cycle of microglia cultured in vitro at different time 
points as measured by flow cytometry. (A) 0 h (control); (B) 1 h; (C) 2 h; (D) 4 h; (E) 8 h; (F) 24 h; (G) Effects of 5×10-5 
mol/L CL on cell cycle of microglia purified and cultured in vitro at different time points. Compared with the control 
group, the percentage of cells in G0/G1 phase was significantly lower in each group (P < 0.01), but the percentage 
of cells in S phase was significantly higher (P < 0.05), especially at 1 h of treatment. The percentage of cells in G2/M 
phase was significantly higher than that in the control group (P < 0.01), especially at 2 h of treatment. 
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and seldom in S or G2/M phases (Figure 2). 
Compared with the control group, the percent-
age of microglia in the stimulated groups in  
G0/G1 phase was significantly higher (P < 
0.05), whereas the percentage of cells in S 
phase was significantly lower (P < 0.05); both of 
these effects were dose-dependent. The per-
centage of microglia in G2/M phases was sig-
nificantly higher (P < 0.05) than control in each 
concentration stimulation group except for 10-3 

mol/L CL. After stimulation with 10-4 mol/L and 
10-3 mol/L CL, the percentage of apoptotic cells 
was higher than those of the control group and 
lower concentrations of CL treatment. S-phase 
arrest was visible during treatment with 10-3 

mol/L CL (Figure 2).

Microglial cell cycle phase was detected by flow 
cytometry at different time points (0, 1, 2, 4, 8 
and 24 h) after stimulation with 5×10-5 mol/L 
CL. Compared with the control group, the per-
centage of cells in G0/G1 phase was signifi-
cantly lower in each group (P < 0.01), whereas 
the percentage of cells in S phase was signifi-
cantly higher (P < 0.01), especially after 1 h of 
treatment. The percentage of cells in G2/M 
phase was significantly higher (P < 0.01) com-
pared with that of the control group, especially 
after 2 h of treatment (Figure 3). 

Morphological observation under fluorescence 
microscope

After 1 h of CL stimulation (5×10-5 mol/L), the 
microglial cells showed stronger CD11b/c ex- 
pression, with enlarged cell bodies. The mor-
phological changes reached a peak after 2 h of 
culture. After 4 h of culture, most of the cells 
were round and phagocytic and rarely displayed 
branching. After 10-3 mol/L and 10-4 mol/L  
coriaria lactone stimulation, a small number of 
cells had irregular edges (Figure 4B).

Effects of 5×10-5 mol/L coriaria lactone on 
cyclin D1, TNF-α and IL-1β expression in mi-
croglia 

Immunofluorescence staining revealed that IL- 
1β expression in microglia cultured in vitro was 
significantly enhanced after treatment with 5× 
10-5 mol/L CL compared with that of the control 
group, especially after 2 h (Figure 4C, 4D). Fluo- 
rescence quantitative PCR results demonstrat-
ed that compared with the control group, cyclin 
D1 mRNA expression in microglia cultured in 
vitro was significantly higher at 1 h after treat-
ment with CL (P < 0.01). From then on, cyclin 
D1 mRNA expression gradually declined. How- 
ever, cyclin D1 mRNA expression was still high-
er than that of the control group at various time 
points (P < 0.05) (Figure 4E); IL-1β mRNA ex- 
pression was significantly higher at 1 h (P < 
0.05), peaked at 4 h (P < 0.01), then gradually 
declined, and was still higher than that of the 
control group at 24 h (Figure 4F).  

Radioimmunoassay was used to measure TNF- 
α and IL-1β levels in supernatant. CL treatment 
resulted in release of TNF-α and IL-1β from 
microglia, and the effect was dose-dependent 
(Figure 4G). The increase in TNF-α levels appea- 
red earlier, and became significant at 1 h after 
treatment with 5×10-5 mol/L CL (P < 0.05). TNF- 
α levels peaked at approximately 2 h (P < 0.05), 
and then gradually decreased, but were still 
high at 24 h (P < 0.05). IL-1β levels were incre- 
ased 2 h after treatment with CL (P < 0.05). 
After this time, IL-1β levels rapidly increased 
and peaked at 8 h (P < 0.01). IL-1β levels were 
still significantly higher than in the control group 
at 24 h of treatment (P < 0.01; Figure 4I). 

Intraventricular injection of MCM 

EEG recording: No obvious abnormal behavior 
was observed in the control group after injec-

Figure 4. Activation of microglia by coriaria lactone (CL) (5×10-5 mol/L). A-D. Immunofluorescence staining revealed 
that CD11b/c and IL-1β expression levels in microglia cultured in vitro were significantly enhanced after treatment 
with 5×10-5 mol/L CL, compared with those of the control group. A. Expression of CD11b/c in microglia in control 
group, ×200; B. Expression of CD11b/c in microglia 2 d after CL (5×10-5 mol/L) treatment, ×400. C. IL-1β expres-
sion in microglia in control group, ×200; D. IL-1β expression in microglia 2 h after treatment with CL, ×200; E. 
Fluorescence quantitative PCR results demonstrated that cyclin D1 mRNA expression in microglia cultured in vitro 
was significantly higher compared with that of the control group, especially at 1 h after treatment with CL (P < 0.01). 
F. Fluorescence quantitative PCR results showed that IL-1β mRNA expression was significantly higher compared 
with that of the control group, especially at 4 h after treatment with CL (P < 0.01). G. Agarose gel electrophoresis 
revealed RT-PCR amplification products of cyclin D1 and IL-1β; H. Radioimmunoassay showed that TNF-α and IL-1β 
content in supernatant of culture medium of microglia increased after different concentrations of CL treatment at 
12 h, and the effect was dose-dependent; I. TNF-α and IL-1β content in supernatant of culture medium of microglia 
increased at various time points after treatment with CL.
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Figure 5. EEG recording and glutamate (Glu) expression in brain tissue after intraventricular injection with microglia-conditioned medium (MCM). (A-E) EEG showed 
epileptiform waveforms after MCM injection. (A) EEG from the control group. (B-D) EEG at 45 min after intraventricular injection in the MCM0 (B), MCM2 (C) or MCM4 
(D) group. No significant difference in potential waveform or amplitude between the control group and MCM0 groups was detected. Epileptiform waveforms (e.g., 
spike wave, sharp wave and spike-slow wave) were seen in the MCM2 and MCM4 groups. (E) EEG at 1 h after intraventricular injection in the MCM4 group displayed 
enhanced amplitude and sharp waves. (A, B) Expression of Glu in rat cerebral cortex and hippocampus, determined by immunofluorescence. Glutamate content in 
was increased to different degrees in all areas compared with the control group 45 min after injection with MCM4. (A1-4) control group; (B1-4) MCM4 group. (B1) 
Cerebral cortex, ×100; (B2) Hippocampal CA1 region, ×200; (B3) Hippocampal CA3 region, ×200; (B4) Dentate gyrus, ×200.
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tion, with all animals scoring 0 on the Diehl 
scale. Normal brain waves were observed in 
EEG (Figure 5A); these were mainly α waves 
(frequency 8-13 Hz). Cortical potential ampli-
tude was 12.39 ± 5.09 μV. Except for the MCM2 
and MCM4 groups, no abnormal behavior was 
observed in the MCM groups, with all animals 
scoring 0 on the Diehl scale. No significant  
difference in potential waveform or amplitude 
between the control group and MCM groups 
was detected (Figure 5B). In the MCM2 group, 
approximately 45 min after injection, beard 
shaking and forelimb twitching were seen for 
approximately 20 min, resulting in a score of III. 
Simultaneously, the EEG showed epileptiform 
waveforms, i.e., spike wave, sharp wave and 
spike-slow wave. The epileptiform wave ampli-
tude was 62.17 ± 12.24 μV (Figure 5C). In the 
MCM4 group, 45 min after injection, beard sha- 
king and forelimb twitching were observed, re- 
sulting in a score of III. Epileptiform wave ampli-
tude was 60.96 ± 8.30 μV. The EEG revealed 
spike wave, sharp wave and spike-slow wave 
(Figure 5D). No further behavioral changes 
were observed. At 1 h after injection, the EEG 
showed enhanced amplitude (95.29 ± 17.52 
μV), and mainly sharp waves were seen (Figure 
5E). 1.5 h after injection, rat behavior and corti-
cal potential returned to normal. 

Glutamate content in brain tissue 

Glutamate is mainly expressed in the cyto-
plasm in the cerebral cortex (mainly pyramidal 
layer) and hippocampus (CA1 and CA3). 45 min 
after injection of MCM, the glutamate content 
in all areas examined was higher (to different 
degrees) than that of the control group; no sig-
nificant difference was observed between the 
MMC0 group and control group (Figure 5B; 
Table 2).

Microglial activation is a common pathological 
phenomenon in central nervous system diseas-
es. The effect of activated microglia is still con-
troversial. On one hand, activated microglias 
are important for defense and removal of exter-
nal pathogenic factors in the central nervous 
system; activated microglias are actively invol- 
ved in the repair of damage. On the other hand, 
activated microglia and microglia-mediated in- 
flammatory reactions promote the occurrence 
and persistence of various diseases [10-12]. 

Approximately 50 million people have epilepsy, 
making it the most common chronic and severe 
neurological disease worldwide, with increased 
risk of mortality and psychological and socio-
economic consequences impairing quality of 
life. More than 30% of patients with epilepsy 
have inadequate control of their seizures with 
drug therapy. However, the progression of sei-
zure activity and the development of drug resis-
tance remain difficult to predict, irrespective  
of the underlying epileptogenic condition [13]. 
Previous studies of epilepsy have focused  
on neurons and astrocytes, while paying less 
attention to other important components of  
the central nervous system, such as microglia. 
Najjar et al. hypothesized that microglial activa-
tion and proliferation initiate a cycle of inflam-
mation-induced seizures and seizure-induced 
inflammation [14]. Moreover, microglia-driven 
epilepsy may be the primary pathogenic pro-
cess in a small number of cases, as suggested 
by the pathology and therapeutic response in 
patients, but may contribute to epileptogenesis 
in many more [15]. 

Effect of coriaria lactone on activating microg-
lia cultured in vitro

The currently available animal models of epi-
lepsy are most often induced by chemical sub-

Table 2. MGV of Glu immunofluorescence staining of rat cortex, 
hippocampus and dentate gyrus (45 min) (mean ± SD)
Group Cerebral cortex CA1 CA3 Dentate Gyrus
Control 34.23 ± 1.25 27.55 ± 2.37 26.32 ± 0.96 26.18 ± 2.58
MMC0 35.25 ± 1.86 27.49 ± 0.38 28.56 ± 1.74 28.29 ± 2.13
MMC1 44.15 ± 0.72* 33.25 ± 1.67* 32.58 ± 1.35* 31.28 ± 1.47*

MMC2 49.33 ± 3.15* 37.63 ± 2.18* 39.22 ± 2.15** 38.97 ± 1.95*

MMC4 57.26 ± 2.53** 44.65 ± 1.14** 47.73 ± 1.97** 47.66 ± 2.36**

MMC8 42.36 ± 1.36* 35.21 ± 1.49* 31.56 ± 1.56* 34.26 ± 1.21*

MMC24 41.39 ± 2.33* 34.41 ± 2.37* 32.38 ± 2.63* 31.38 ± 1.67*

*P < 0.05, **P < 0.01, compared with control.

Discussion 

Microglias are one of the 
three major glial cell types in 
the central nervous system, 
accounting for 10-15% of all 
cells found within the brain. 
Recent studies have shown 
that microglia, as immuno-
competent cells and macro-
phage cells in the central ner-
vous system, play a very im- 
portant role in diseases of the 
central nervous system [9]. 
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stances, e.g., kainic acid and pilocarpine, or 
electrical methods [16, 17]. Coriaria lactone 
(CL) consists of the active components of the 
plant Loranthus that grows on Coriaria sinica 
Maxim, a medicinal herb. CL is the main active 
ingredient from Coriaria sinica, and when used 
in the treatment of schizophrenia it can elimi-
nate mental symptoms, hallucinations and de- 
lusions, and control excitement, and increase 
activity in patients with less movement [18]. 
When CL was used as a folk remedy for schizo-
phrenia treatment in China, epileptiform sei-
zures were observed in humans [19]. This phe-
nomenon suggested that CL could be a convul-
sive agent in primates, with the advantage that 
a CL-induced animal model should be relevant 
to human disease, given that it has been shown 
to induce epileptiform seizures in humans [20]. 
An animal study confirmed that CL induces con-
vulsions and epilepsy [21]. Therefore, we used 
CL to activate microglia in this study. 

Cyclin D1 is a key protein in the transition of 
cells from G1 to S phase. The cyclin D1- cdk4/6 
complex is activated by cdk-activating kinase, 
and promotes passage through the restriction 
point and transit into S phase [22]. Our results 
demonstrate that cyclin D1 synthesis and ex- 
pression is increased in microglia treated with 
CL. Microglia switched from the quiescent state 
to the active state after treatment with CL, 
characterized by branch retraction and incre- 
ased cell body size. Furthermore, the percent-
age of microglia in S and G2/M phases was 
markedly increased in each group after treat-
ment with CL. These findings indicate that CL 
affects the distribution of microglia cell cycle by 
promoting the transition from G0/G1 phase to 
S phase, and ultimately contributes to the acti-
vation and proliferation of microglia. 

TNF-α and IL-1β secretion in activated microg-
lia 

Microglial activation is accompanied by chang-
es in the secretion of various factors, including 
cytokines, reactive oxygen species and nitric 
oxide. A variety of substances act on their own 
or other cell receptors of the central nervous 
system by autocrine and paracrine mechani- 
sms, and form cascade networks [23]. TNF-α 
and IL-1β, which are important pro-inflammato-
ry cytokines, play an important role in regulat-
ing the secretion of bioactive substances, and 
are important upstream promoters of cascade 

networks, often being located at or near the top 
of a cascade network [24, 25]. Human and ani-
mal data have identified a pivotal role for IL-1β 
and the persistent brain inflammation triggered 
by status epilepticus in the mechanisms of  
epileptogenesis [26]. The long-term increase in 
seizure susceptibility produced by inflamma-
tion in the immature brain may also be pro-
duced by TNF-α-dependent mechanisms, inde-
pendent of IL-1β [27]. Somera-Molina et al. 
showed that a ‘second-hit’ in adulthood seizure 
model produces greater cytokine release, mic- 
roglial activation and recruitment, leading to 
increased susceptibility to seizures, enhanced 
neuronal injury and neurobehavioral impair-
ment [27]. As a result, excessive microglial acti-
vation and the associated overproduction of 
proinflammatory cytokines have been suggest-
ed to play a pivotal role in mechanisms of epi-
leptogenesis and post-seizure injury in both 
experimental animal models and human epi-
lepsy [28]. In this study, we found that CL in- 
creased TNF-α and IL-1β levels, indicating that 
CL activated microglia and promoted the secre-
tion of bioactive substances. 

Activated MCM induces the onset of epilepsy

Epilepsy is accompanied by microglial activa-
tion [29, 30]. Our results demonstrate that CL 
induces microglial proliferation and activation, 
indicating that microglial activation actively 
participates in the epileptogenic effect of CL. In 
this experiment, MCM from different cell activa-
tion states was injected into the ventricles of 
the brain to observe the effects on epileptic  
seizure. The results showed that: (1) activated 
MCM has an epileptogenic effect. Supersyn- 
chronous discharge of neurons is a prominent 
feature of epilepsy [31]. In normal brain, the 
discharge of single neurons is spontaneous. 
During epileptic seizures, epileptiform dischar- 
ges are observed in some neurons, and their 
membrane currents form an electric field. The 
excitability and discharge rhythm of neighbor-
ing cells are altered by electrotonus, resulting 
in supersynchronous discharge [8, 32]. Cortical 
potential and behavior are the main indicators 
used to evaluate epileptogenic effects in exper-
imental models and to diagnose epilepsy in the 
clinic [33]. This study verified that MCM has 
remarkable epileptogenic effects 2 and 4 h af- 
ter stimulation with CL, using behavioral obser-
vations and cortical potential monitoring. (2) 
The epileptogenic effect of MCM is associated 
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with cell activation levels. The results demon-
strated that cell activation levels were signifi-
cantly higher at 2 and 4 h post-stimulation than 
other time points; i.e., cell activation peaked at 
2 and 4 h of treatment with CL. 

It is well established that metabolism plays an 
important role in neuronal network stability and 
that metabolic dysfunction is a strong influence 
in certain epilepsy syndromes. Glycolysis feeds 
into the citric acid cycle to ultimately produce 
glutamate and other important neurotransmit-
ters. Glutamate is not only the main excitatory 
neurotransmitter in the brain, but also a poten-
tial neurotoxin leading to neuronal cell death 
[34]. To maintain the sensitivity of synaptic 
transmission, glutamate must be removed pro- 
mptly. In the brain, uptake by astrocytes is the 
most important route to maintain the extracel-
lular glutamate concentration. Alterations in 
the way neurons metabolize glucose and har-
vest this energy could result in the large chang-
es in gene expression that lead to the sudden, 
spontaneous electrical firings seen with epilep-
tic seizures. The absolute or relative increase of 
excitatory transmitter in the internal environ-
ment is the main mechanism responsible for 
epilepsy [35]. Meidenbauer et al. demonstrat-
ed that reduced glucose utilization is neces-
sary to confer seizure protection under long-
term calorie restriction in EL mice [36]. Balosso 
et al. showed that inflammatory mediators in- 
cluding TNF-α modulate glutamatergic excitato-
ry neurotransmission, and suggest that gluta-
mate interactions may play a role in pathologi-
cal conditions (e.g., seizures, neurodegenera-
tion) characterized by the activation of both 
systems [37]. In the present study, glutamate 
content was enhanced in cerebral cortex and 
hippocampus, suggesting that MCM including 
TNF-α could increase glutamate content thro- 
ugh regulating the activity of astrocytes [16], 
which may be associated with the epileptogen-
ic mechanism of activated microglia. 

Conclusion

We have shown that coriaria lactone (an epilep-
togenic agent) causes microglial activation in- 
cluding changes in cell shape and proliferation, 
and that activated microglia can secrete vari-
ous cytokines (e.g., TNF-α and IL-1β). In addi-
tion, microglia-conditioned medium can induce 
the onset of epilepsy in rats in vivo, and its 
mechanism may be associated with upregula-

tion of glutamate expression. Therefore, the 
activation of microglia may be an important 
process for the onset of epileptic seizures. It is 
important to note that in addition to release of 
cytokines, activated microglia can exert effects 
through migration, contact, superoxide anion 
and nitric oxide in an in vivo environment.
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