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Abstract. The aim of the present study was to investigate 
the potential effect of Fructus corni polysaccharide (PFC) 
on the hippocampus tissues in epileptic rats induced by 
lithium chloride-pilocarpine, and to explore the underlying 
mechanism. The epileptic rat models were established using 
lithium chloride-pilocarpine treatment. According to the 
dosage of PFC, the rat models were divided into three groups: 
The low-dose (100 mg/kg/day), middle-dose (200 mg/kg/day) 
and high-dose (300 mg/kg/day) groups. The intervention for 
rat models lasted for 24 days. Subsequently, the production 
levels of reactive oxygen species (ROS) and malondialde-
hyde (MDA), the activity of superoxide dismutase (SOD), the 
mitochondrial membrane potential and the expressions of 
mitogen-activated protein kinase [P-38, Janus kinase (JNK) 
and extracellular signal-regulated kinase 1/2], cytochrome-C 
and caspase-3 in hippocampal tissues were detected. In addi-
tion, the structure of the CA-1 region of the hippocampus 
was also observed. Compared with the control group, the 
production levels of ROS were increased and the mitochon-
drial membrane potential was decreased in the hippocampus 
tissues of rats in the model group. In addition, in the model 
group, it was observed that MDA content was increased, SOD 
activity was decreased, and the expressions of phosphorylated 
(p)-p38, p-JNK, cytochrome-c and caspase-3 were increased, 
compared with the control group. Furthermore, those abnormal 
variations of the indicators were reversed by the intervention 
of PFC. These findings suggest that PFC can ameliorate the 
secondary damage to the hippocampi of epileptic rats, and that 

the anti-oxidation and -apoptosis effects of PFC may be asso-
ciated with the mechanism that provides a protective effect for 
hippocampal tissues.

Introduction

Epilepsy is a common neurological syndrome, the recurrence 
of which is apt to induce damages to brain tissues in varying 
degrees, including cognitive dysfunction or damage to the 
structure and functions of mitochondria (1,2). At present, 
anti-epilepsy drugs in clinical practice are only designed 
for certain specific targets, and long-term administration 
may make patients more susceptible to a series of serious 
adverse reactions, including hematopoietic system damage, 
Stevens-Johnson syndrome, severe hepatic dysfunction (3) or 
aggravate cognitive dysfunction (3). Therefore, identifying a 
novel drug that can effectively improve cognitive functions 
without side-effects or toxicity has been considered as a 
priority.

Oxidative stress refers to the oxidative damage caused 
by reactive oxygen species (ROS). The excessive generation 
of free radicals or the dysfunction of in vivo anti-oxidation 
systems result in imbalance in the metabolism of oxygen 
radicals, which may damages tissues and thus the body as a 
whole (4). ROS may also act on the mitochondria (5), leading 
to changes in permeability of the mitochondrial membrane, 
which can contribute to the apoptosis of neurons and make 
patients more susceptible to the onset of epilepsy (6,7). Thus, 
cell apoptosis has an important role in the pathogenesis of 
epilepsy.

Mitogen-activated protein kinase (MAPK) pathways 
are important transmembrane signal transduction pathways, 
primarily including three major MAPK cascade reactions: 
p38, extracellular signal-regulated kinase (ERK)1/2 and c-Jun 
N-terminal kinase (JNK) (8). These cascade reactions are not 
only associated with cell growth, proliferation and apoptosis, 
but also have key roles in these processes. p38, ERK1/2 and 
JNK are all sensitive to the stimulation of ROS (9,10).

Fructus corni polysaccharide (PFC), obtained from the 
Traditional Chinese Medicine Fructus corni, is one of the 
most common Traditional Chinese Medicines (11). Previous 
pharmacological studies have suggested that PFC has a 
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wide range of biological activities, including: Antioxidative, 
anti-inflammatory, immuno-modulatory, antidiabetic, and 
hypoglycemic (12,13). Thus, the antioxidant activity of PFC 
may have potential benefits in protecting against epilepsy.

In the present study, an epileptic rat model was established 
through the induction of lithium chloride-pilocarpine to inves-
tigate the potential effect of PFC on mitochondrial damage in 
hippocampal tissues and the potential underlying mechanism, 
thereby identifying novel pathways and theoretical evidence 
for the clinical treatment of epilepsy.

Materials and methods

Reagents. PFC (95%) was provided by Ningbo Dekang 
Biological Products Co., Ltd. (Ningbo, China). Lithium 
chloride and pilocarpine (Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany), were used to establish the epileptic rat 
model. Malondialdehyde (MDA; cat. no. JC201712) content 
and superoxide dismutase (SOD; cat. no. JC201722) activity 
in hippocampal tissue were detected with ELISA detection 
kits provided by Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China). ROS level was detected by flow cytometry 
(BD FACSAria™ II; BD Biosciences, San Jose, CA, USA) 
using the oxidation sensitive fluorescent dye, 2',7'-dichlo-
rodihydrofluorescein diacetate (DCFH-DA; CAS:D6883; 
Sigma-Aldrich; Merck KGaA).

Study design. Rats were randomly assigned into the 
following five groups: I: Control group (n=15), which 
was administered saline (vehicle) via gavage for 44 days 
(6 ml/kg/day); II: Lithium-pilocarpine (LP) group (n=15), 
which was administered saline (6 ml/kg/day) for 24 days 
followed by lithium-pilocarpine treatment for 20 days (model 
establishment); III, IV and V (n=15 per group): LP+PFC groups 
that were administered PFC (100, 200 or 300 mg/kg/day) for 
24 days followed by lithium-pilocarpine treatment for 20 days. 
The mortality and seizure stages of the rats were recorded 
throughout.

Model establishment and screening. A total of 120 male 
Sprague Dawley rats (age, 6-8 weeks; weight, 180-220 g) 
were used in the present study; they were purchased from 
the Shandong Province Animal Research Center (Shandong, 
China). The rats had free access to food and water and were 
housed in a temperature controlled room (21±2˚C) in a 12 h 
light/dark cycle. Rats received an intraperitoneal injection of 
3 mmol/kg lithium chloride (127 mg/kg), and after 18-24 h, 
atropine sulfate (1 mg/kg; Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany) was administered to rats to antagonize 
the peripheral cholinergic effect of pilocarpine, which was 
initially administered following another 30 min (20 mg/kg). 
The behavior of rats was observed and graded based on the 
Racine classification system (14). After 30 min if no epileptic 
seizures were observed, pilocarpine (10 mg/kg) was admin-
istered to the rats without the onset of status epilepticus (SE) 
every 30 min until the onset of SE was successfully induced. 
Rats that failed in the model establishment were excluded. 
For rats with SE lasting for 1 h, intraperitoneal administration 
of 10% chloral hydrate (350 mg/kg) (Sigma-Aldrich; Merck 
KGaA) was performed to terminate the seizure, and additional 

doses were administered if a poor effect was observed 30 min 
following the previous injection. Surviving rats would enter the 
quiet phase 24 h after modeling as previously described (15), 
the toxic stage consisted of the initial 2-4 days. Rats would 
suffer spontaneous epilepsy 7-20 days after modeling. A total 
of 60 rats with seizures above Racine grade IV were consid-
ered as successful spontaneous epileptic models, and those that 
failed to meet the criterion were excluded. Animal protocols 
were approved by the Animal Ethics Committee of Weifang 
People's Hospital Animal Center (Weifang, China).

Behavioral assessment. Behavioral assessment was performed 
during the model establishment and every day following 
successful modeling in accordance with Racine's level 6 
evaluation standards (14), and scored as follows: Stage 0, 
no response; stage 1, vibrissae twitching and hyperactivity; 
stage 2, clonus, head nodding and myoclonic jerks of the 
head; stage 3, unilateral forelimb clonus; stage 4, rearing with 
bilateral forelimb clonus; and stage 5, generalized tonic-clonic 
seizure with loss of writing reflex.

Detection of MDA content and SOD activity. Rats were sacri-
ficed after the 44 day treatment period and the hippocampus 
was immediately removed and homogenized in ice-cold 
normal saline. Following cooling, the samples were centri-
fuged at 2,500 x g at 4˚C for 20 min. Supernatants were taken 
to determine the levels of MDA and SOD using ELISA kits 
according to the manufacturer's protocols.

Detection of mitochondrial ROS production. As described 
previously (16), dichlorohydrofluorescein diacetate (DCFH‑DA) 
was used for accurate measurement of production of mitochon-
drial ROS. Rats were sacrificed and hippocampus tissues were 
rapidly obtained and homogenized. DCFH‑DA fluorescence 
was used for measurement at 488 nm excitation and 530 nm 
emission.

Detection of mitochondrial membrane potential. Rhodamine 
123 (Rh-123) staining was used to determine the mitochon-
drial membrane potential in rats according to a previous 
study (17). Mitochondria were then pelleted by centrifugation 
at 8,600 x g at 4˚C for 15 min and fluorescence of the superna-
tant was measured at 503 nm excitation and 527 nm emission 
using a spectrophotometer.

Nissl staining. Following sacrifice, rat brains were immedi-
ately harvested, fixated with 4% paraformaldehyde at 20˚C 
for 24 h, and then embedded in paraffin. Subsequently, the 
paraffin‑embedded brains were cut into 10‑µm thick sections 
for Nissl staining with toluidine blue to evaluated general 
neuronal morphology. After being flushed with distilled water, 
the sections were placed in a 37˚C water bath and incubated for 
10 min with 0.5% thionine. The staining results were observed 
under a light microscope (magnification, x400). The neuronal 
density in the CA1 region of the hippocampus was calculated 
as previously described (18,19).

Western blot analysis. Hippocampi were collected and homog-
enized in ice using homogenization buffer, then centrifuged at 
13,200 x g for 15 min at 4˚C. Supernatants were collected, and 
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a bicinchoninic acid protein assay kit was used to calculate 
the protein concentrations. Cytoplasmic and mitochondrial 
proteins were each isolated via differential centrifugation with 
a mitochondrial fractionation kit (Nanjing KeyGen Biotech 
Co., Ltd., Nanjing, China) according to the manufacturer's 
instructions. Protein samples (50 µg) were subjected to 10% 
SDS-PAGE. Following electrophoresis, proteins were trans-
ferred to polyvinylidene difluoride membranes and blocked 
with 5% (vol/vol) non-fat dry milk in Tris-buffered saline with 
Tween-20 (TBST; 10 mM Tris-HCl, 150 mM NaCl and 0.1% 
Tween-20; pH 7.6) at room temperature for 2 h, followed by 
incubation overnight with 1:1,000 dilutions of cleaved caspase-3 
(cat. no. 9661S), p38 MAPK (cat. no. 8690S), phosphorylated 
(p-)p38 MAPK (cat. no. 4511S), ERK (cat. no. 4695S), p-ERK 
(cat. no. 4370S), JNK (cat. no. 9252S), p-JNK (cat. no. 9255S) 
(all Cell Signaling Technology, Inc., Danvers, MA, USA) and 
cytochrome C (cat. no. sc-13561; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) primary antibodies. β-actin (dilution, 
1:2,000; cat. no. sc-517582; Santa Cruz Biotechnology, Inc.) 
served as the internal control. The membrane was washed in 
TBST 3 times for 5 min each. The membrane was subsequently 
incubated with horseradish peroxidase-conjugated secondary 
antibody (cat. no. 5571S; 1:1,000; Cell Signaling Technology, 
Inc.) at room temperature for an additional 2 h, and washed an 
additional 3 times in TBST. The membrane was subsequently 
incubated with enhanced chemiluminescence substrate 

solution at 20˚C for 5 min according to the manufacturer's 
protocol (cat. no. orb90504; Biorbyt, Cambridge, UK) and 
visualized using autoradiography film. The imaging program 
Quantity One 4.6.2 (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA) was used for quantification.

Statistical analysis. Data are presented as the mean + standard 
deviation. The statistical analyses were performed using 
GraphPad Prism 5.01 (GraphPad Software, Inc., La Jolla, CA, 
USA) and PASW 18.0 (SPSS, Inc., Chicago, IL, USA). One-way 
analysis of variance was used to compare differences among 
multiple groups, followed by the least significant difference 
post hoc test. Three independent repeats were performed for 
each experiment. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effects of PFC on SOD activity and MDA content. Compared 
with the control group, SOD activities significantly decreased 
(P<0.01) and the MDA content was significantly increased 
(P<0.001) in the LP group. Gavage with 200 mg/kg 
PFC (P<0.05) and 300 mg PFC (P<0.01) significantly reduced 
the content of MDA and upregulated the activity of SOD 
compared with LP group. These findings suggest that PFC 
treatment may ameliorate oxidative stress (Fig. 1A and B).

Figure 1. Effects of PFC on hippocampal MDA content, SOD activity, mitochondrial ROS generation and the mitochondrial membrane potential. (A) Effect of 
PFC on SOD activity. Compared with the control group, SOD activity was significantly decreased in the LP group. Compared with the LP injury group, SOD 
activity was increased in the LP+PFC groups. (B) Effect of PFC on MDA content. Compared with control group, MDA content was significantly increased 
in LP group. Compared with the LP injury group, MDA content was significantly decreased in the LP+PFC groups. (C) Effect of PFC on mitochondrial ROS 
production. Compared with the control group, mitochondrial ROS production was significantly increased in the LP group. Compared with the LP injury group, 
the mitochondrial ROS production was decreased in the LP+PFC groups. (D) Effect of PFC on mitochondrial membrane potential. Compared with the control 
group, the mitochondrial membrane potential was significantly decreased in the LP group. Compared with the LP group, the mitochondrial membrane potential 
was increased in the LP+PFC groups. *P<0.05, **P<0.01, ***P<0.001 vs. control group; #P<0.05, ##P<0.01 vs. LP group. Data are presented as the mean + standard 
deviation (n=5). PFC, Fructus corni polysaccharide; SOD, superoxide dismutase; MDA, malondialdehyde; ROS, reactive oxygen species; LP, lithium-pilocarpine.
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Effects of PFC on mitochondrial ROS production induced 
by epilepsy. The present results demonstrated that the 
level of mitochondrial ROS formation was significantly 
increased in LP group compared with control (P<0.001). 
However, treatment with 200 mg/kg PFC (P<0.05) 
and 300 mg PFC (P<0.01) significantly decreased the 
levels of mitochondrial ROS production, compared with the 
LP group (Fig. 1C).

Effect of PFC on mitochondrial membrane potential modifi‑
cation induced by epilepsy. In the LP group the mitochondrial 
membrane potential was significantly reduced compared 
with the control group (P<0.001). Treatment with PFC (200, 
300 mg/kg) significantly ameliorated this decline in mito-
chondrial membrane potential (P<0.05; Fig. 1D).

Effect of PFC on cytochrome C and activation of 
cleaved‑caspase‑3 following epilepsy. Via western blotting, 
the release of cytochrome C was demonstrated to significantly 

increase in the LP group compared with control (P<0.001; 
Fig. 2A). Cleaved caspase-3 is a characteristic sign of apop-
tosis (20). It was also demonstrated that cleaved caspase-3 
production significantly increased in LP groups (P<0.001; 
Fig. 2B). Treatment with 200 mg/kg PFC (P<0.001) and 300 mg 
PFC (P<0.001) significantly ameliorated this cytochrome 
C release. Treatment with 200 mg/kg PFC (P<0.05) and 
300 mg PFC (P<0.01) significantly reduced cleaved‑caspase‑3 
activation.

Effect of PFC on MAPK phosphorylation in epileptic rats. The 
MAPK family comprises the following 3 primary subfamilies: 
ERK1/2, JNK, and p38. The phosphorylation of p38 and JNK 
levels were significantly increased in LP groups compared 
with control (P<0.001; Fig. 3A and B). However, induction of 
epilepsy had no significant effect in inducing the phosphoryla-
tion of ERK (Fig. 3C). The administration of 200 mg/kg PFC 
(P<0.05) and 300 mg PFC (P<0.01) significantly ameliorated 
the increases in p38 and JNK phosphorylation, compared with 
the LP group.

PFC retrieved hippocampal neurons in CA1 area. As 
presented in Fig. 4, neurons in the control group (Fig. 4A) 
appeared as light blue, regularly shaped cell bodies with palely 
stained nuclei in the Nissl-stained sections. However, neurons 
in the LP group (Fig. 4B) exhibited blurred cell membranes 
and pyknotic nuclei. Furthermore, the mean density of intact 
surviving neurons was significantly lower compared with 
control (P<0.001; Fig. 4F). These morphological abnormalities 
were alleviated in PFC groups (Fig. 4C-F), which indicates 
that PFC treatment has a beneficial influence on damaged 
neurons in the CA1 region.

Discussion

Epilepsy is frequently characterized by complicated patho-
genesis. It has been observed that oxidative stress and 
apoptosis have a vital role in the pathological process of 
epilepsy in previous studies (21,22), and that a causal rela-
tion exists between them. Under normal circumstances, the 
body can physiologically generate a small amount of oxygen 
free radicals (4). The ROS generated in the electron transfer 
of the respiratory chain in mitochondria can be eradicated 
by the endogenous anti-oxidation system in cells to sustain 
the balance in the body (23). The anti-oxidation system in 
the brain tissues, which is relatively inferior to that in other 
tissues or organs, can be affected by various factors, such as 
ischemia or hypoxia (4). The brain is susceptible to the imbal-
ance between the oxidation system and anti-oxidation system 
in cells (24). Excessive ROS in the body may give rise to the 
massive accumulation of free radicals, resulting in a further 
marked increase of ROS (4). Meanwhile, ROS may act on 
the unsaturated fatty acids found on cellular membrane and 
mitochondrial membrane, inducing lipid peroxidation and 
cell apoptosis (25). In the present study, it was demonstrated 
that ROS level the MDA content in hippocampal tissues were 
significantly increased, and the activity of SOD (an impor-
tant indicator of endogenous anti-oxidation system in cells) 
was significantly decreased in the LP group compared with 
controls. This confirmed that the epileptic seizure induced by 

Figure 2. Effects of PFC on the release of Cyt-C and the activation of 
cleaved caspase-3 in the hippocampus. PFC administration (A) decreases 
Cyt-C release and (B) prevents cleaved caspase-3 activation. Cyt-C release 
and cleaved caspase-3 activation was increased in the LP groups compared 
with the control group. Treatment with PFC decreased Cyt-C and cleaved 
caspase-3 levels. *P<0.05, **P<0.01, ***P<0.001 vs. control group; #P<0.05, 
##P<0.01, ###P<0.001 vs. LP group. Data are presented as the mean + standard 
deviation (n=5). PFC, Fructus corni polysaccharide; Cyt-C, cytochrome C; 
LP, lithium-pilocarpine.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  16:  445-451,  2018 449

lithium chloride-pilocarpine induced stress and damaged the 
hippocampal tissues.

Mitochondria not only serve as the main source of 
endogenous ROS, but also the action target of ROS (26,27). 
Mitochondrial dysfunction can increase the generation of 
ROS and aggravate cell apoptosis induced by oxidant (28). 
Oxidative stress injuries can lead to an imbalance between 
the oxidative effect and the anti-oxidative effect in the body, 
thereby massively increasing the generation of ROS, which 
will cause the mitochondrial permeability transition pore 
to open (29). As a result, cytochrome-C from the mitochon-
dria will be delivered into the cytoplasm, where caspase-3, 
the apoptotic executioner, will be activated to induce cell 
apoptosis (30,31).

ROS, as a kind of signal molecule, can affect the activi-
ties of a variety of signal transduction pathways, such as the 
Janus kinase/signal transducer and activator of transcription 
pathway, the protein kinase C pathway and the MAPK pathway. 
Among those pathways, MAPK is a key transmembrane signal 
transduction pathway (32). In the present study, it was further 
investigated whether MAPK signal transduction pathway was 
activated in neural apoptosis induced by ROS. It was observed 
that the phosphorylation levels of p38 and JNK signal trans-
duction pathways in hippocampus tissues were significantly 
augmented. Following treatment with PFC, phosphorylation 

Figure 3. Effects of PFC on the phosphorylation of kinase in mitogen-acti-
vated protein kinase signal pathways, namely P-38, JNK and ERK. 
Representative western blotting and densitometry data for the levels of 
(A) p-p38/p38, (B) p-JNK/JNK and (C) p-ERK/ERK in each group. PFC 
administration prevented the increases in p38 and JNK phosphorylation. 
Induction of epilepsy did not induce the phosphorylation of ERK. *P<0.05, 
**P<0.01, ***P<0.001 vs. control group; #P<0.05, ##P<0.01 vs. LP group. 
Data are presented as the mean + standard deviation (n=5). PFC, Fructus 
corni polysaccharide; JNK, c-Jun N-terminal kinase; ERK, extracellular 
signal-regulated kinase; p, phosphorylated; LP, lithium-pilocarpine.

Figure 4. PFC rescues CA1 pyramidal neurons from seizure-induced damage 
as revealed by Nissl staining. (A) control group, (B) LP group, (C) LP + 
100 mg/kg PFC group, (D) LP + 200 mg/kg PFC group, (E) LP + 300 mg/kg 
PFC group (magnification, x400). (F) Compared with the LP group, treat-
ment with PFC significantly ameliorated the number of surviving neurons. 
*P<0.05, **P<0.01, ***P<0.001 vs. control group; ##P<0.01 vs. LP group. Data 
are presented as the mean + standard deviation (n=5). PFC, Fructus corni 
polysaccharide; LP, lithium-pilocarpine.
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levels were significantly decreased, suggesting that the protec-
tion mechanism of PFC may be associated with the decreased 
phosphorylation of kinase in the MAPK signal pathway.

In recent years, neuronal apoptosis has received increasing 
attention in the field of epilepsy research. It has been argued that 
the prevention and treatment of neuronal apoptosis following 
epilepsy has important clinical significance. Following epileptic 
seizure, neurons in the brain are damaged and lost, of which the 
hippocampal neurons are lost most significantly (33,34). It has 
been suggested that neuronal loss occurs in the hippocampal 
dentate gyrus region, and CA1 and CA3 regions in different 
degrees in model rats, which may be in the forms of either 
neuronal necrosis or apoptosis. It has typically been suggested 
that cell apoptosis is the primary form of brain neuronal death 
following epilepsy (35,36). The occurrence of apoptosis is 
regulated by genes, and ROS may cause apoptosis through a 
variety of ways. The MAPK cascade pathway is an important 
example (37,38). It has been demonstrated that MAPK phos-
phorylation can lead to the release of mitochondrial cytochrome 
C and then cause the activation of caspase (39). Fructus corni, 
a kind of Traditional Chinese Medicine, is one of 40 different 
types of commonly used medicinal materials in China, and is 
widely used in the traditional and clinical medication. In recent 
years, progress has been made in the study on PFC (11,40). 
Pharmacological studies have demonstrated that the PFC is 
an important component of the bio-active material of Fructus 
corni (41). Previous studies have demonstrated that PFC 
exhibits many pharmacological effects, including anti-aging, 
anti-tumor, anti-oxidation, immuno-enhancement and memory 
improvement (42,43).

The present study demonstrated that PFC serves as a novel 
agent for anti-epilepsy treatment. It decreases the alteration in 
mitochondrial membrane potential, cytochrome C leakage and 
activation of cleaved caspase-3 through reducing the activa-
tion of hippocampus ROS and the MAPK cascade pathway 
following epilepsy, thereby alleviating the apoptosis of neurons 
and having a neuroprotective effect on epilepsy. In this way, PFC 
has therapeutic and protective effects on epilepsy, but the specific 
mechanism of PFC for epileptic seizure remains to be elucidated. 
The present study was limited to observing the changes in the 
PFC protein, further investigation is required to study the poten-
tial mechanisms by which PFC may have an effect.
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