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Abstract 
Objective: To explore the influence of gastrodin on IL-10, JAK2 and STAT3 
in hippocampus of epileptic rats induced by pentylenetetrazol and the role of 
the IL-10 pathway in epilepsy. Methods: 50 adult male Wistar rats were ran-
domly divided into 5 groups: normal control group (NC Group), epilepsy 
model group (EP Group), low doses of gastrodin + EP Group (GE1 Group), 
medium doses of gastrodin + EP Group (GE2 Group), high doses of gastrodin + 
EP Group (GE3 Group). EP group and GE Groups were injected subthreshold 
doses of pentylenetetrazole (PTZ) by intraperitoneal once a day until reaching 
the ignited standards. GE groups were respectively injected 4, 6, 8 mg/kg ga-
strodin by intraperitoneal. All groups were administered for 28 consecutive 
days. The behavioral changes of the rats were observed and recorded daily 1 
hour after the injection. mRNAs of IL-10, STAT3 and JAK2 in hippocampus 
were measured by RT-qPCR, and proteins by Western blot. Results: Com-
pared GE2 group with EP group, the incubation of seizure was significantly 
prolonged (P < 0.01), the duration was shorter (P < 0.01) and the intensity 
was reduced (P < 0.05). Compared with NC group, IL-10 expression levels in 
hippocampus were significantly decreased in EP group, and JAK2 and STAT3 
expression levels were significantly increased. Compared with EP group, IL-10 
expression levels in hippocampus were significantly increased in GE2 group, 
and STAT3 and JAK2 expression levels were significantly decreased in GE2 
groups. The mRNA and protein levels of STAT3 and JAK2 were higher while 
IL-10 was lower in the PTZ group than in the NC group. However, the mRNA 
and protein levels of STAT3 and JAK2 were lower while IL-10 was higher in 
the GE2 group than in the PTZ group. Conclusions: Gastrodin can increase 
the expression of IL-10, and reduce the expression of STAT3 and JAK2, which 
may play an antiepileptic effect through regulating JAK2/STAT3 signaling 
pathways by IL-10. 
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1. Introduction 

Epilepsy is a chronic, repetitive, paroxysmal self-limiting syndrome. It’s caused 
by various brain diseases, characterized the neuron highly synchronized abnor-
mal discharge. There are 600 - 1000 million epilepsy patients in China and 65 - 
70 million new cases every year [1]. Inflammation is one of the key factors in the 
occurrence and seizure of epilepsy [2]. On the other hand, cytokines are the 
most basic substances of regulation inflammation and play a key role in the de-
velopment of epilepsy [3]. 

Interleukin-10(IL-10) is a recently discovered immunosuppressive factor with 
multiple bioactivity. It plays an important role in inflammation in the develop-
ment of various diseases such as intestinal inflammation, chronic infection, tu-
mor surveillance and neurodegenerative diseases [4] [5] [6] [7]. In the central 
nervous system, IL-10 is not only an important immune regulatory factor, but 
also an important neurotransmitter, which participates in the pathogenesis of 
epilepsy through various ways. Researching the role of IL-10 in the progress of 
epilepsy is very important to elucidate the pathogenesis of epilepsy and to pre-
vent epilepsy. Gastrodin is an active ingredient extracted from traditional Chi-
nese medicinal herbs gastrodia elata. We have found that gastrodin has an anta-
gonistic effect on epilepsy in early animal experiment and clinical application 
[8], but it is necessary to further study and clarify its specific mechanism. 
Therefore, we study the effects of gastrodin on the expression of IL-10, Jak2 and 
STAT3 in the inflammatory signaling pathway of hippocampal neurons on the 
basis of the preliminary study, to explore the mechanism of gastrodin in the 
treatment of epilepsy, and lay a theoretical foundation for the further develop-
ment and utilization of gastrodin. 

2. Materials and Methods 
2.1. Animals and Reagents 

The subject was approved by the Medical Ethics Committee of the first Clinical 
Medical College of Yangtze University, and the animal model was completed in 
the Animal Experiment Center of Hubei Traditional Chinese Medicine College. 

Fifty 7 - 8-week-old healthy male Wistar rats, weight 120 ± 15 g, provided by 
the Three Gorges University Laboratory Animal Center, License No.: SCXK (E): 
2011-0012; natural day and night, ambient temperature 22˚C - 25˚C, feeding in 
cages and free to eat.  

PTZ (CAS: 54-95-5) from Sigma; gastrodin from Kunming Pharmaceutical 
Group Co., Ltd. (Lot: Sinopharm H20013046); Rabbit monoclonal antibody 
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JAK2 (CAS: 3230) and STAT3 (CAS: 4904T) from Cell Signaling; Rat monoc-
lonal IL-10 antibody (CAS: ab33471) from Abcam; Rabbit polyclonal antibody 
β-actin (CAS: ANT010) and HRP mark Rabbit anti-rat Ig-G (CAS: ANT022) 
from Antgene; HRP mark Goat anti-rabbit Ig-G (CAS: GTX213110) from Gene-
tex company; Reverse transcriptase Kit and RT-PCR kit from Beyotime; JAK2, 
IL-10, STAT3 and β-actin primers from Takara; electrophoresis instrument pro-
vided by Bio-rad; RT-PCR instrument ABI7500 provided by Thermo Fisher. 

2.2. Group and Treatment 

The rats were randomly divided into 5 groups, 10 per group: normal control 
group (NC), epilepsy model group (EP), low doses gastrodin + EP Group (GE1), 
medium doses gastrodin + EP Group (GE2), high doses gastrodin + EP Group 
(GE3). The dosage of gastrodin was considered as adult. PTZ was prepared into 
10 mg/ml (1%) with normal saline (NS) before using, gastrodin 2 mg/ml, stored 
at 4˚C. Treated the rats at 15:00 - 17:00, observed them 1 h after the treatment, 
recorded the seizure incubation, duration and intensity of each group. The 
treatment was intraperitoneal injection with a duration of 28 days. The doses 
used as in Table 1. 

2.3. Behavioral Evaluation 

We measured the incubation from PTZ injection to myoclonic jerks, the dura-
tion from myoclonic jerks to seizures ending. The behavioral changes were rec-
orded for 1 h (n = 10). The seizure stage was evaluated based on the Racine 
grading standard [9]: Stage 0: no reaction; Stage 1: wet dog shiver, facial muscle 
twitch, chew; Stage 2: rhythmic nodding; Stage 3: paroxysmal spasm of one fore-
limb; Stage 4: when standing, paroxysmal spasm and rigidity of both forelimbs; 
Stage 5: lost balance, dumping, limbs twitching, whole body clonus. The chronic 
ignition standard is reached when 5 consecutive attack of grade II above. 

2.4. Detect Hippocampal IL-10, STAT3 and JAK2 Gene  
Expressing by RT-qPCR 

In the 28th day, we randomly selected 4 rats in each group, 20 mg hippocampus 
for RT-qPCR, corresponding to the same side of the remaining hippocampus for 
Western blot. The total RNA was extracted and purified by the instruction ma-
nual, determined by ultra-micro-ultraviolet spectrophotometer, detected the  
 
Table 1. The treatment of the rats. 

Group 15:00 - 16:00 16:00 - 17:00 

NC NS, 35 mg/kg NS, 6 mg/kg 

EP PTZ, 35 mg/kg NS, 6 mg/kg 

GE1 PTZ, 35 mg/kg Gastrodin, 4 mg/kg 

GE2 PTZ, 35 mg/kg Gastrodin, 6 mg/kg 

GE3 PTZ, 35 mg/kg Gastrodin, 8 mg/kg 
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integrity of RNA by denatured agarose gel electrophoresis, reverse transcription 
synthesis of cDNA, IL-10 JAK2 and STAT3 mRNA expression in the hippo-
campus were detected by RT-PCR kit. The sequences of each gene primer are as 
in Table 2. 

The total reaction volume is 25 ul. qPCR reaction conditions as follows: 95˚C, 
2 min  (95˚C 15 s, 60˚C 30 s) × 40 cycles. Finally do dissolution curve analysis 
(95˚C 15 s, 60˚C 15 s, 95˚C 15 s). The relative quantitative analysis was carried 
out by 2-ΔΔCt method [10]: the expression of related genes was calculated by 
the difference (ΔCt) of β-actin RNA cyclic threshold (Ct). Calculate the differ-
ences in gene expression between the contrastive samples(ΔΔCt), relative quan-
titation of multiple of expression differences was 2-ΔΔCt, the relative quantita-
tion value of normal group is 1, the 2-ΔΔCt value of each group is a change mul-
tiple relative to 1. 

2.5. Detect Hippocampal IL-10, STAT3 and JAK2 Protein  
Expressing by Western Blot 

Extracted the total protein of hippocampus with conventional method, quanti-
fied according to BCA method. Took 20 ul protein solution, added 5 ul 5 × 
SDS-PAGE sample loading buffer, 100˚C degeneration 5 min, took 30 ug/holes, 
10% SDS-PAGE electrophoresis vertical and transferred onto PVDF membrane, 
blocked for 1h with 5% skim milk (TBST preparation) at room temperature; in-
cubated the PVDF membranes at 4˚C overnight respectively with antibody IL-10 
(1:500), JAK2 (1:1000), STAT3 (1:2000) and β-actin (1:5000), rinsed with TBST 
3 × 10 mins, incubate the PVDF membranes 1h at room temperature respec-
tively with rabbit fluorescent IgG (1:5000) and rat fluorescent IgG (1:2000), 
rinsed with TBST 3 × 10 mins, obtained the target protein bands by ECL chemi-
luminescence and film developing, Image J software was used to analyze the 
grayscale values of each target band, using β-actin as the internal reference. 

2.6. Statistical Analysis 

The results are indicated by mean ± standard deviation ( X  ± s), One-way 
ANOVA followed by the Bonferroni method test was used to determine statistical  
 
Table 2. Primer sequences of mRNA. 

mRNA  Primer sequences Tm(˚C) 
Fragment 
size (bp) 

β-actin 
forward primer 
reverse primer 

5'—GGAGATTACTGCCCTGGCTCCTA—3' 
5'—GACTCATCGTACTCCTGCTTGCTG—3' 

64.9 
64.7 

150 

IL-10 
forward primer 
reverse primer 

5'—CAGACCCACATGCTCCGAGA—3' 
5'—CAAGGCTTGGCAACCCAAGTA—3' 

64.8 
64.5 

141 

STAT3 
forward primer 
reverse primer 

5'—TTTGAGACAGAGGTGTACCACCAAG—3' 
5'—ACCACAGGATTGATGCCCAAG—3' 

63.8 
64.4 

118 

JAK2 
forward primer 
reverse primer 

5'—TTTGAAGACAGGGACCCTACACAG—3' 
5'—TCATAGCGGCACATCTCCACA—3' 

63.7 
65.0 

101 
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significance, and differences were considered significant at P < 0.05. 

3. Results 

1) Model: On the first day, one death in NC group, on the 28th days, a rat died 
with convulsion in EP group. The rats in EP group and GE groups showed dif-
ferent levels of seizure, most of them achieved lighting standards on the 18th 
day, manifested in obvious nod, facial and limb convulsions, upright vertical tail 
or fall or even systemic tonic spasm. The seizure situation on the 28th day was as 
in Table 3. 

2) Effects of gastrodin on IL-10, STAT3 and JAK2 mRNA expression (Table 4 
and Figure 1). 
 
Table 3. The seizure situation on the 28th day ( X  ± s). 

Group N Dead Episode latency (s) Episode duration (s) Attack strength 

NC 10 1 0 0 0 

EP 10 1 56.2 ± 23.3 2223.3 ± 253.2 4.0 ± 0.7 

GE1 10 0 80.4 ± 33.4 1830.7 ± 448.8 2.9 ± 1.2 

GE1 10 0 115.0 ± 35.3** 1291.4 ± 459.8** 2.3 ± 1.1* 

GE1 10 0 101.1 ± 33.8* 1674.8 ± 394.7* 2.8 ± 1.0 

Note: *P < 0.05; **P < 0.01 vs. EP group. 

 
Table 4. Expression of hippocampal IL-10, STAT3 and JAK2 mRNA ( X  ± s). 

relative quantity IL-10 STAT3 JAK2 

NC 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

EP 0.13 ± 0.06* 3.96 ± 1.30** 2.23 ± 0.74* 

GE1 0.51 ± 0.35 2.65 ± 0.35 1.22 ± 0.32 

GE2 1.25 ± 0.60## 1.25 ± 0.49## 0.71 ± 0.39## 

GE3 0.69 ± 0.45 1.59 ± 0.25## 1.24 ± 0.60 

Note: *P < 0.05, **P < 0.01 vs. NC group; #P < 0.05, ##P < 0.01 vs. EP group. 

 

 
Figure 1. Gastrodin increased the expression of IL-10, 
and inhibited the expression of STAT3 and JAK2 in the 
hippocampus of the pentylenetetrazole rat model. Quan-
titative analysis by RT-qPCR (n = 4; *P < 0.05, **P < 0.01 
vs. NC; #P < 0.05, ##P < 0.01 vs. EP). 
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RT-qPCR showed that the expression of STAT3 and JAK2mRNA in the hip-
pocampus of EP group was significantly higher than that of NC group (P < 0.05), 
IL-10 mRNA was significantly decreased (P < 0.05); IL-10 mRNA expression in 
GE2 group was significantly higher than that in EP group (P < 0.01); compared 
with EP group, STAT3 mRNA expression in GE2 and GE3 group was decreased 
significantly (P < 0.01), Jak2 mRNA in GE2 group was significantly lower than 
that in EP Group (P< 0.05). 

The mRNA levels of STAT3 and JAK2 higher while IL-10 was lower in the 
PTZ group than in the NC group. However the mRNA levels of STAT3 and 
JAK2 lower while IL-10 was higher in the GE2 group than in the PTZ group. 

3) Effects of gastrodin on IL-10, STAT3 and JAK2 protein expression in hip-
pocampus of rats (Table 5 and Figure 2). 
 
Table 5. Expression of hippocampal IL-10, STAT3 and JAK2 protein ( X  ± s). 

Relative quantity IL-10 STAT3 JAK2 

NC 1.03 ± 0.02 1.03 ± 0.01 1.05 ± 0.03 

EP 0.45 ± 0.23* 5.94 ± 3.31** 1.86 ± 0.34* 

GE1 0.54 ± 0.16 2.54 ± 1.53 1.11 ± 0.19 

GE2 1.06 ± 0.41# 1.81 ± 0.83# 0.72 ± 0.19## 

GE3 0.83 ± 0.22 1.97 ± 0.57# 1.00 ± 0.58# 

Note: *P < 0.05, **P < 0.01 vs. NC group; #P < 0.01, ##P < 0.01 vs. EP group. 

 

 

 
Figure 2. Gastrodin increased the expression of IL-10, and inhibited the 
expression of STAT3 and JAK2 in the hippocampus of the pentylenete-
trazole rat model. (a) Western blots and (b) quantitative analysis of bands 
in A (n = 4; *P < 0.05, **P < 0.01 vs. NC; #P < 0.05, ##P < 0.01 vs. EP). 
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Compared with the NC group, the expression of IL-10 protein in EP group 
was significantly reduced (P < 0.05), STAT3 increased significantly (P < 0.01) 
and JAK2 increased significantly (P < 0.05). Compared with the EP group, IL-10 
protein expression in GE2 group was significantly higher (P < 0.05), STAT3 de-
creased significantly (P < 0.05) and JAK2 decreased significantly (P < 0.01), 
STAT3 and JAK2 in GE3 group decreased significantly (P < 0.05). 

The protein levels of STAT3 and JAK2 were higher while IL-10 was lower in 
the PTZ group than in the NC group. However, the protein levels of STAT3 and 
JAK2 were lower while IL-10 was higher in the GE2 group than in the PTZ group. 

4. Discussions 

The pathogenesis of epilepsy is complex, involving neuronal electrophysiological 
activities, mainly attributed to the imbalance of excitatory and inhibition of the 
central nervous system, and is closely related to the neurotransmitter imbalance, 
ion channel, glial cell, heredity, inflammatory reaction and immune abnormali-
ty. In clinical, for the traditional single target of antiepileptic drugs mainly in 
western medicine which has larger side effects, patients can not adhere to 
long-term use, and they failed to obtain satisfactory curative effect, thus explor-
ing multi-channel, multi-target, effective and low toxic antiepileptic drugs, has 
become the inevitable way to treat epilepsy. 

In our long-term clinical work, we found that for conventional western 
medicine difficult to control epilepsy (especially the persistent state of epilepsy), 
combined with gastrodin injection, seizures could be better controlled. Gastrodin 
is the dry tuber of gastrodia elata, which has anti-inflammatory, scavenging free 
radicals and anti-apoptotic effects. In the early experiments, we found that 
gastrodin could promote the expression of cytokines IL-10, inhibit IL-1β and 
TNF-α in hippocampal neurons, exert an antiepileptic effect by inhibiting the 
inflammatory reaction in hippocampus of epileptic rats [8]. On the other hand, 
the JAK/STAT pathway is a key signaling pathway for central nervous system 
mediated inflammation and immune response [11]. Therefore, this experiment 
is based on the inflammatory cytokine IL-10 and JAK2/STAT3 as the target, to 
investigate the molecular target of antiepileptic action of gastrodin through 
IL-10 regulating inflammatory signaling pathway. 

From the perspective of cytokines, in this experiment, compared with NC 
group, the expression of IL-10 in the hippocampus of EP group was significantly 
decreased, and it was significantly increased after the intervention of medium 
dose gastrodin (6 mg/kg). An important role of IL-10 is to inhibit the secretion 
of inflammatory factors such as IL-1, IL-6, IL-12 and tumor necrosis factor in 
mast cells and macrophages [12]. In addition, some studies have shown that 
IL-10 has a significant inhibitory effect on the secretion of TNF-α and IL-2 in 
peripheral blood mononuclear cells of epileptic rats, and the inhibitory effect 
was dependent on concentration [13]. In epilepsy mice model induced by pilo-
carpine, the expression of IL-10 decreased, IL-1β, IL-6, TNF-α increased in the 
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hippocampus of the mice, and the intervention of swertia glucoside (450 mg/kg) 
could significantly increase the expression of IL-10, and reduce the expression of 
IL-1β, IL-6, TNF-α [14]. In a meta-analysis of inflammatory mediators in epi-
lepsy patients, it was found that the levels of IL-10 in serum and cerebrospinal 
fluid in epileptic patients increased, and IL-10 improved immune pathology by 
preventing inflammation-related tissue damage, which played a protective role 
in the development of epilepsy [3]. The above studies indicate that taking IL-10 
as the target point may play an active role in the treatment of epilepsy. At 
present, many scholars have started to study the polymorphism of IL-10 promo-
ter gene, to study the changes of IL-10 related genotypes after drug intervention, 
and to find the indexes of evaluating drug efficacy [15]. 

From the perspective of JAK2/STAT3 target, our experimental results show 
that the JAK2 and STAT3 expression in EP Group is significantly higher than 
that in NC group, and the JAK2 and STAT3 positive expression are significantly 
decreased after the intervention of gastrodin. The secretion of anti-inflammatory 
cytokines IL-10 decreased during epileptic seizures, and the inflammatory cyto-
kines such as IL-1, IL-6, IL-12 and TNF increased, and the glial cells have many 
targets of cytokines (such as IL-1, IL-6, TNF-α). When these cytokines are com-
bined with tyrosine kinase-related receptors on glial cells, the gp130-mediated 
JAK/STAT signal transduction pathway is activated, and STAT is activated by 
phosphorylation to form dimer, expose to the access nuclear signals, transferred 
to the nucleus and regulate the expression of the target gene, leading to the pro-
liferation of astrocytes [16]. JAK/STAT signal pathway plays a vital role in the 
differentiation and proliferation of astrocytes, and the proliferation of astrocytes 
is an important pathological change in the brain tissue of epileptic patients. In 
the temporal lobe epilepsy rat model, the JAK2/STAT3 signaling pathway is ac-
tivated, and the using JAK2/STAT3 specific inhibitor WP 1066 can reduce the 
frequency and severity of the occurrence of epilepsy [17]. Another study showed 
that the specific blocking JAK2/STAT3 pathway could significantly inhibited the 
expression of synaptic protein in temporal lobe epilepsy model rats’ hippocam-
pus, regulating the hippocampal synaptic plasticity and played an important an-
tiepileptic role [18]. Therefore, the occurrence of epilepsy is closely related to 
IL-10 and JAK2/STAT3. In our study, compared with NC group the expression 
of IL-10 in EP group was significantly decreased, JAK2 and STAT3 significantly 
increased, and the expression of IL-10 increased, JAK2, STAT3 expression de-
creased obviously after the intervention of medium dose gastrodin (6 mg/kg), 
This indicate that gastrodin can exert antiepileptic effect by improving IL-10 ex-
pression and inhibiting JAK2, STAT3 expression. 

Above all, gastrodin have an antiepileptic effect on PTZ-induced epileptic rats, 
its mechanism may be related to increase hippocampal tissue IL-10 expression, 
inhibit JAK2, STAT3 expression, thus regulating the JAK2/STAT3 pathway. 
However, there are many signaling pathways involved in the development of ep-
ilepsy, and it is necessary to further verify the antiepileptic effects of gastrodin 
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via IL-10 whether relate to other signaling pathways. 
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