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Abstract:  

Background: Epilepsy is a common acute and severe disease in infants and 

children. Recurrent seizures or status epilepticus can cause irreversible brain damage. 

While the PI3K/Akt/mTOR pathway regulates various physiological processes of 

neurons and glia, it may also lead to abnormal neuronal signal transduction under 

pathological conditions, including that of epilepsy. Everolimus (Eve) is an 

mammalian target of repamycin (mTOR) inhibitor that may affect neuronal 

excitability and have a therapeutic effect on epilepsy. Therefore, this study aimed to 

investigate the protective effect of Everolimus on post-epileptic brain injury and the 

regulation mechanism of the PI3K/Akt/mTOR and NF-kB/IL-6 signaling pathway. 

Intraperitoneal administration of kanic acid (KA) 15mg/kg was used to induce 

epilepsy in the developing rat and Everolimus (1, 2, 5mg/kg) was injected 

intraperitoneally 2 hours before KA injection. Cerebral cortex tissue was sampled at 

24 hours post-epilepsy. Results: The protein and mRNA levels of PI3K、AKt、mTOR、

NF-kB and IL-6 as well as microglia activation significantly increased after 

KA-induced epilepsy, however these effects were inhibited by Everolimus treatment. 

Furthermore, pretreatment with Everolimus decreased seizure scores and increased 

seizure latency. This study demonstrates that mTOR inhibitor Conclusions: 

Everolimus can decrease the PI3K/Akt/mTOR and NF-kB/IL-6 signaling pathway, 

reduce microglia activation, and attenuate seizure susceptibility and intensity, thus 

having a protective effect on post-epileptic brain damage.  
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Background 

Epilepsy is a brain dysfunction syndrome, caused by recurrent seizures due to 

abnormal discharge of brain neurons. The pathogeny of epilepsy is complex and 

diverse and may be attributed to genetic factors, intracranial infection, craniocerebral 

injury, cerebrovascular disease and/or systemic diseases [1]. The first-line treatment of 

epilepsy is usually drug therapy, however these current therapeutics largely control 

disease symptoms rather than targeting the underlying disease processes [2]. It is 

therefore very important to explore the pathogenesis of epilepsy and find novel 

antiepileptic drugs. 
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mTOR is a protein kinase that participates in the highly conserved PI3K/AKT 

signaling pathway, which regulates cell growth and survival, metabolism and 

autophagy, migration and motility [3]. The mTOR cascade plays a critical role in 

normal cortical development and remains functionally active. Studies have reported 

that PI3K/Akt /mTOR not only regulates various physiological processes of neurons 

and glia, but also participates in synaptic structure and plasticity, which may lead to 

abnormal neuronal signal transduction under pathological conditions [4]. Since 

PI3K/Akt/mTOR plays an important role in regulating various cell functions, we 

speculate that the PI3K/Akt/mTOR signaling pathway is likely involved in the 

pathological process of epilepsy. 

Microglia are intrinsic immune effector cells and an important source of 

pro-inflammatory factors and oxidative stress in the central nervous system [5]. 

Involvement of microglia in epilepsy may occur through various mechanisms such as 

increasing gap junction coupling, inhibiting glutamate transporter function and 

damaging the blood-brain barrier [6]. Studies have shown that activated microglia can 

activate the mTOR signaling pathway, causing neuronal dendritic damage [7]. 

Furthermore, the activated mTOR signal can affect immune response and brain 

development, and may cause the process of subsequent epilepsy [8]. Given the 

postulated role of microglia in epileptic development and mTOR signaling activation, 

we explored therapeutic-induced changes in microglia activation in this study.  

Everolimus is an mTOR inhibitor that can enhance the anti-inflammatory activity 

of regulatory T cells, reduce inflammatory cytokines and chemokines produced by 

macrophages and microglia, and reduce secondary injury after focal ischemia [9]. 

Studies have shown that in various hereditary and acquired epilepsy animal models, 

mTOR activation leads to nerve excitement and seizures. The inhibitory effect of 

Everolimus on mTOR reduces the intensity and frequency of seizures [10], which 

indicates that there is a close relationship between mTOR and epilepsy. Therefore, 

Everolimus is likely to affect neuronal excitability and have a therapeutic effect on 

epilepsy. In this experiment, by establishing a rat epilepsy model and intervening with 

mTOR inhibitor Everolimus, we observed changes in microglia activation, and the 

PI3K/Akt/mTOR and NF-kB/IL-6 signaling pathways to better understand the role 

and mechanism of Everolimus in post-epileptic brain injury. 

  

1. Methods 

1.1 Animals 

Developing male Sprague–Dawley rats (weighing 60–80g, 3 weeks old) were 

obtained from the Experimental Animal Center, University of South China 

(Hengyang, Hunan, China). Animals were housed in conventional conditions on a 12h 

light/dark cycle with free access to water and food. The temperature was maintained 

at 25 °C and the humidity at 50 -60%. The experimental protocols were approved by 

the Animal Care and Use Committee of University of South China and complied with 

the requirements of the National Health Center 

 

 



 

 

1.2 Reagents  

KA and Everolimus were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

BCA Protein Quantitative Kit was purchased from Biyuntian Company (Shanghai, 

China) and PVDF membrane were purchased from Millipore (Bedford, MA). PI3K、

Akt and mTOR mouse anti-rat antibodies were purchased from Cell Signaling 

Technology (Danvers, MA, USA), NF-kB、IL-6 and β-actin mouse anti-rat antibodies 

were purchased from Santa Cruz Biotechnology (CA, USA) and Anti-Iba1 antibody 

was purchased from Wako Pure Chemical Industries (Osaka, Japan). ECL 

chemiluminescence was purchased from Santa Cruz (Texas, USA). cDNA Reverse 

Transcription Kit and qRT-PCR Kit were purchased from Thermo Fisher Scientific 

(UK). Trizol kit was purchased from Invitrogen (Grand Island, NY, USA), and 

immunohistochemistry kit was purchased from Shanghai Yuanmu Biotechnology 

Company (Shanghai, China). 

 

1.3 Establish rat epilepsy model  

Male Sprague–Dawley rats were randomly divided into five groups: (1) control 

group; (2) KA group; (3) KA+1mg/kg Eve group (4) KA+2mg/kg Eve group (5) 

KA+5mg/kg Eve group. A seizure model in developing rats was established by 

intraperitoneal injection of 15 mg/kg Kanic acid. The control group was only injected 

with saline. Behavioral seizures were graded on the Racine scale [11]: (stage 1) facial 

clonus; (stage 2) rhythmicity head nodding; (stage 3) forelimb clonus; (stage 4) 

seizures characterized by rearing or hind limb extension; (stage 5) seizures with 

rearing, jumping, and falling. A grade Ⅳ-Ⅴseizure indicates successful modeling. 

Eve (1, 2 or 5mg/kg) was administered intraperitoneally 2 hours before KA 

induced-epilepsy. After behavioral assessments, the rats were sacrificed with an 

anesthetic (1 % barbital sodium, 500 mg/kg) 24 hours after seizure. The rats were then 

perfused transcardially with saline and the cerebral cortex tissues were immediately 

collected. The samples were stored at -80 ° C for subsequent experiments.  

 

1.4 Immunohistochemistry to observe microglia activation 

The paraffin sections were baked in a 60°C oven for 2 hours, dewaxed and washed 

three times with PBS pH 7.4. The dewaxed and hydrated tissue sections were placed 

in boiling citrate buffer solution for antigen repair. After 10 minutes, the slices were 

removed from the buffer solution and rinsed 3 times with PBS. 1 drop of 3% H2O2 

was added to each slice and incubated at room temperature for 10 minutes to block 

the activity of endogenous peroxidase. After 3 PBS rinses, mouse anti-rat primary 

antibody Iba1 (1: 100) was added to each slice and incubated at room temperature for 

2 hours, followed by 3 PBS rinses, the addition of rabbit anti-mouse secondary 

antibody and incubation at room temperature for 30 minutes. After 3 additional PBS 

rinses, sections were reacted with DAB solution for 5 minutes. Finally, sections were 

mounted onto gelatin-coated glass slides and air-dried. The activated microglia were 

observed with an optical microscope. Five high-power fields (×400 times) with the 

same area were randomly selected for each slice, and the number of Iba1 staining 

positive cells in each field was visually counted, and the average value was the 



 

 

number of activated microglia. 

 

1.5 Western blot to detect the protein levels 

Harvested cerebral cortex were washed in ice-cold PBS and lysed for 10 minutes 

using PMSF protease inhibitor and RIPA lysate. The lysates were collected and 

transferred to microcentrifuge tubes for centrifugation at 12,000 x g for 30 minutes at 

4˚C. The supernatant was collected and BCA protein assays measured the protein 

concentration in the lysate supernatant. 10% separation gel and 3% concentrated gel 

were prepared according to instructions and put into the electrophoresis tank. The 

sample was mixed with 5×Loading buffer at a volume of 4:1 and boiled at 98°C for 5 

minutes; the total amount of protein remained the same when loading. Electrophoresis 

liquid was added to the electrophoresis tank, the protein moved from the concentrated 

gel to the separation gel at constant voltage. After electrophoresis, total protein (30 μg) 
were separated electrophoretically by SDS-PAGE and subsequently transferred onto a 

polyvinylidene difluoride membrane. The membranes were soaked in 5% skimmed 

milk as blocking buffer for 2 hours and then incubated with primary antibodies 

(mouse anti-rat): PI3K (1:2000), Akt (1:1000), mTOR (1:2000), NF-kB (1:1000) and 

IL-6 (1:3000) at 4°C overnight. After washing the membrane 3 times with PBS, the 

membranes were incubated with secondary antibody (rabbit anti-mouse 1:2000) at 

room temperature for 2 hours. ECL luminescent solutions A and B were mixed in 

equal volumes, and the PVDF membrane was immersed in the luminescent solution 

for 5 minutes. After three PBS rinses, the protein bands were scanned with the Image 

Quant ™ LAS 4000 imaging system, and the scan results were analyzed with ImageJ 

software.  

 

1.6 Reverse transcription-quantitative polymerase chain reaction (qRT-PCR ) 

Cerebral cortex tissue was lysed with Trizol lysate and chloroform, and RNA was 

extracted through separation, precipitation and drying. According to the instructions 

of Thermo Scientific cDNA Synthesis Kit, sample RNA, reverse transcriptase, 

upstream and downstream primers were mixed to synthesize template cDNA. 

According to the requirements of the qRT-PCR kit, cDNA, upstream and downstream 

primers were mixed to perform DNA amplification on the PCR machine. qRT-PCR 

primers are shown in Table 1. The qRT-PCR cycle amplification conditions are as 

follows: PI3K, denaturation: 95℃, 45s; annealing: 58℃, 45s; extension: 72℃, 1 min; 

30 cycles; Akt, denaturation: 95℃, 45s; annealing: 52℃, 1 min; extension: 70℃, 1 

min; 30 cycles; mTOR, denaturation: 95℃, 45s; annealing: 56℃, 45s; extension: 

72℃, 1 min; 30 cycles; NF-kb, denaturation: 95°C, 45s; annealing: 55°C, 45s; 

extension: 70°C, 1 min; 30 cycles; IL-6, denaturation: 95°C, 1 min; annealing: 57°C; 

extension: 72°C, 45s; 30 cycles; GAPDH (Internal reference), denaturation: 95℃, 30s; 

annealing: 58℃, 30s; extension: 72℃, 30s; 28 cycles. Cooling at 4℃ after DNA 

amplification. 

 

 

 



 

 

 

 

Table 1 Nucleotide sequences of qRT-PCR primers 

 

 

1.7 Statistical analysis 

All data were analyzed using SPSS 20.0 statistical software. Measurement data 

were expressed as mean± standard deviation (Mean±SD). Means comparison between 

two groups were analyzed by t-test. Means comparison between multiple groups were 

analyzed by one-way analysis of variance (ANOVA) followed by Bonferroni post-hoc 

testing. P<0.05 was considered statistically significant.  

 

2. Results 

2.1 Everolimus extends seizure latency and reduces seizure grade scores 

In this experiment, KA 15mg/kg induced developmental rat epilepsy, and different 

doses of Everolimus (1, 2, 5 mg/kg) were injected intraperitoneally 2 hours prior to 

KA injection. The seizure grade scores and seizure latency in different groups were as 

follows (Table 2): the seizure grade scores: Control group 0; KA group 3.85±0.93; 

KA+1mg/kg Eve group 3.10±1.33; KA+2mg/kg Eve group 2.25±1.65; KA+5mg/kg 

Eve group 2.45±1.63. The seizure latency: KA group 10.20±3.31min; 

KA+1mg/kgEve group 19.07±5.45min; KA+2mg/kg Eve group 27.14±11.19min; 

KA+5mg/kg Eve group 22.97±8.29min. 

The Everolimus treatment group exhibited significantly lower seizure scores and 

increased seizure latency when compared with the KA group (Figures 1 and .2). 

Further comparison of the seizure latency showed that the 2mg/kg Eve group was 

significantly different from the 1mg/kg Eve group (P<0.05). The assessment of both 

Gene Forward primer Reverse primer 

mTOR 

Akt 

GAPDH 

PI3K 5'-TAT TTGGACTTTGCGACAAGACT-3' 5'-TCG AACGTACTGGTCTGGATAG-3' 

5'-AGCG ACGTGGCTATTGTGAAG-3' 

5’-TTGGGTCATTGGCCAGAAG-3’ 5’-GCCAGGATGAGCGTGTGAT -3’ 

5'-GGAGCGAGATCCCTCCAAAAT-3' 5'-GAACCTGGAAGAGTCCGAAGTA-3' 

NF-kb 5'- GACCTGGAGCAAGCCATTAGC-3' 5'- CGGACCGCATTCAAGTCATAGT-3' 

IL-6 5′-GCTGGAGTCACAGAAGGAGTGGC-3′ 5′-GGCATAAC GCACTAGGTTTGCCG-3′ 

5'-GCCATC ATTCTTGAGGAGGAAGT-3' 



 

 

seizure latency and seizure score thereby indicates that Everolimus treatment can 

attenuate KA-induced epilepsy. 

Table 2. Rat seizure score (n=20 per group) 

 

The number of rats in different seizures stage were counted and mean seizure score was analyzed 

by statistical method. Measurement data were expressed as mean ±SD. 

 

Fig. 1 Everolimus reduces seizure grade scores. KA 15mg/kg induced developmental rat 

epilepsy, and different doses of Everolimus (1, 2, 5 mg/kg) were injected intraperitoneally 2 

hours before KA injection. Seizure stage was assessed during 0.5-1 hours after KA injection. 

Measurement data were expressed as mean±SD (n=20). *P<0.05, compared with KA group.  

KA    

KA+1mg/kg Eve 

0         0      2           4        9      5      3.85±0.93 

1         1      4          6         5      3      3.10±1.33 

4         3      4          4          3        2      2.25±1.65 

No seizure    stage1     stage2      stage3     stage4     stage5    mean score 

KA+2mg/kg Eve 

 

KA+5mg/kg Eve 3         4      2           5          4        2      2.45±1.63 

Control 20         0      0          0         0      0          0 



 

 

 

Fig. 2 Everolimus increases seizure latency. KA 15mg/kg induced developmental rat epilepsy, 

and different doses of Everolimus (1, 2, 5 mg/kg) were injected intraperitoneally 2 hours 

before KA injection. Seizure latency was assessed. Measurement data were expressed as 

mean±SD (n=20). *P<0.05, compared with KA group; #P<0.05, compared with KA+1mg/kg 

Eve group. 

 

2. 2 Everolimus reduces microglia activation  

Immunohistochemistry was used to observe microglia activation in cerebral cortex 

24 hours after epilepsy by detecting the expression of Iba1, a marker of activated 

microglia. (Figure 3).  

In the Control group, the background was light blue, and the microglia were in a 

stationary state with a small cell body and long, thin radial branches (Figure 3A). In 

the KA group, the background was yellow-brown colour, and a large number of Iba1 

positive cells were visible; the cell volume became larger, amoebic or round, and the 

cell protrusions became shorter or disappeared, suggesting the number of activated 

microglia had increased significantly after KA-induced epilepsy(p<0.05) (Figure 3B，

3F). Compared to the KA group, Everolimus treatment groups exhibited a lighter 

background color, reduced cell volume and decreased Iba1 positive cells (p<0.05) 

(Figure 3B-F). The treatment dose of 2mg/kg Everolimus had the most significant 

observed effects (Figure 3F). 

Immunohistochemical staining therefore suggests that Everolimus can reduce the 

activation of microglia after epilepsy and may have protective effects on brain 

damage. 



 

 

 

 

Fig. 3 Everolimus reduces microglia activation in the cerebral cortex. KA 15mg/kg induced 

developmental rat epilepsy, and Everolimus (1, 2, 5 mg/kg) was injected intraperitoneally 2 

hours before KA injection. Pathological sections of brain tissue were observed 24 hours after 

KA injection. A. Control group B. KA group C. KA+1mg/kg Eve group D. KA+2mg/kg Eve 

group E. KA+5mg/kg Eve group. F. Iba1 positive cells quantities for each group. 

Measurement data were expressed as mean±SD. Scale bar = 100 μm. *P<0.05, KA group vs. 

control group; #P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group; △P<0.05, 

KA+2mg/kg Eve group vs. KA+1mg/kg Eve. 



 

 

2.3 Everolimus reduces the expression of PI3K、Akt and mTOR 

To explore the effect of Everolimus on the PI3K/Akt/mTOR signaling pathway, 

Western Blot and qRT-PCR were used to determine the protein and mRNA levels, 

respectively, of PI3K, Akt and mTOR in the cerebral cortex after epilepsy (Figures 4 

and 5). The optical density of the band was used to further analyze the relative 

expression of the protein (Figure 4B). It was shown that protein and mRNA levels of 

of PI3K, Akt, and mTOR increased significantly in the KA group after epilepsy, and 

these increases were significantly attenuated by Everolimus treatment (p<0.05) (Fig. 

4B and 5). Further comparison revealed that the protein and mRNA levels of mTOR, 

and the protein level of Akt in the KA+2mg/kg Eve group was significantly lower 

than that in the KA+1mg/kg Eve and KA+5mg/kg Eve groups (p<0.05). 

Western Blot and qRT-PCR results thus indicate that Everolimus can inhibit 

KA-induced activation of the PI3K/Akt signaling pathway after epilepsy in 

developing rats. 

 

 
 

Fig.4 Everolimus reduces protein levels of PI3K, Akt and mTOR in the cerebral cortex. KA 

15mg/kg induced developmental rat epilepsy, and Everolimus was injected intraperitoneally 2 

hours before KA injection. Protein levels of PI3K, Akt and mTOR were measured 24 hours 

after KA injection. A. Protein bands following Western Blot analysis. B. Relative protein 

levels (optical density). Measurement data were expressed as mean±SD (n=20). *P<0.05, KA 

group vs. control group; #P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group;  

△P<0.05, KA+2mg/kg Eve group vs. KA+1mg/kg Eve group and KA+5mg/kg Eve groups. 



 

 

 

Fig. 5 Everolimus reduces mRNA levels of PI3K, Akt and mTOR in the cerebral cortex. 

Measurement data were expressed as mean±SD (n=20). *P<0.05, KA group vs. Control group; 

#P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group; △P<0.05, KA+2mg/kg Eve 

group vs. KA+1mg/kg Eve group. 

 

2.4 Everolimus reduces the expression of NF-kB and IL-6  

To further investigate the effect of Everolimus on the NF-kB/IL-6 inflammatory 

signaling pathway, Western Blot and qRT-PCR were used to detect the protein and 

mRNA levels of NF-kB and IL-6 in the cerebral cortex after epilepsy (Figures 6 and 

7). The results showed that protein and mRNA levels of NF-kB and IL-6 increased 

significantly in the KA group after induction of epilepsy, and these increases were 

inhibited by Everolimus treatment (p<0.05) (Fig. 6B and 7). Further comparison 

revealed that the protein and mRNA levels of NF-kB, and the mRNA level of IL-6 in 

the KA+2mg/kg Eve group was significantly lower than that in the KA+5mg/kg Eve 

group (p<0.05). 

This result suggests that the NF-kB/IL-6 inflammatory signaling pathway is 

activated after epilepsy, and Everolimus can inhibit this KA-induced response. 

Furthermore the inhibitory effect is dose-dependent in this experiment, with 2mg/kg 

Everolimus having the strongest inhibitory effect. 

 



 

 

 

 

Fig.6 Everolimus reduces protein levels of NF-kB and IL-6 in the cerebral cortex. KA 

15mg/kg induced developmental rat epilepsy, and Everolimus was injected intraperitoneally 2 

hours before KA injection. Protein levels of NF-kB and IL-6 were measured 24 hours after 

KA injection. A. Protein bands following Western Blot analysis. B. Relative protein levels 

(optical density). Measurement data were expressed as mean±SD (n=20). *P<0.05, KA group 

vs. control group; #P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group; △P<0.05, 

KA+2mg/kg Eve group vs. KA+5mg/kg Eve group. 

 

 

Fig.7 Everolimus reduces mRNA levels of NF-kB and IL-6 in the cerebral cortex. 

Measurement data were expressed as mean±SD (n=20). *P<0.05, KA group vs. Control group; 

#P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group; △P<0.05, KA+2mg/kg Eve 

group vs. KA+5mg/kg Eve group. 

 

3. Discussion 

Epilepsy is a highly prevalent neurological disease affecting approximately 50 

million people worldwide. The disease is characterized by recurrent seizures that are 

caused by synchronous abnormal discharge of brain neurons [12]. Due to the inherent 



 

 

complexity of the central nervous system, research on the pathogenesis of convulsive 

brain injury is still very limited. Studies have shown that the pathological features of 

epilepsy include the proliferation of microglia, neuronal apoptosis, and an imbalance 

between inhibitory and excitatory neurotransmitters [13]. Most current antiepileptic 

drugs suppress neuronal excitability by regulating neurotransmitter receptors or ion 

and voltage-gated channels. These are in fact anticonvulsant medications rather than 

antiepileptic treatments, as they do not target the implicit underlying etiology [14]. In 

this experiment, we chose the kainic acid induced epilepsy model as it bears 

resemblance to human temporal lobe epilepsy, and is a stable, repeatable model.  

Microglia are the main antigen presenting cells in the central nervous system and 

play an important role in maintaining the stability of the microenvironment of nerve 

cells [15]. Under normal circumstances, microglia are in a stationary state and can be 

activated upon abnormal stimulation, rapidly proliferating and migrating to the 

injured site, mediating neuroinflammation and inducing neuronal apoptosis [16]. 

Abraham et al. found that in KA-induced epilepsy rats, the number of microglia 

tripled in the brain and increased the susceptibility to epilepsy [17]. Therefore 

inhibiting the activation and subsequent proliferation of microglia may be an effective 

measure to reduce post-epileptic brain damage. In this experiment, we used the 

KA-induced rat epilepsy model. The results of immunohistochemistry showed that the 

number of activated microglia in the KA group was significantly higher than that in 

the Control group, confirming the involvement of microglia activation in the 

pathological progression of epilepsy. The specific mechanism suggests that activated 

microglia secrete a variety of immune effect molecules including interleukins IL-1, 

IL-6, IL-8, tumor necrosis factor and oxygen free radicals, which damage neurons, 

glial cells and the blood brain barrier. Inflammatory factors further aggravate the 

microenvironment, inducing seizures and causing post-epileptic brain damage [18, 19]. 

Phosphatidylinositide 3-kinases (PI3K) is an intracellular phosphatidylinositol 

kinase. It is a complex of multiple growth factors and signaling, including fibroblast 

growth factor (FGF), vascular endothelial growth factor (VEGF) and human growth 

factor (HGF) [20]. Serine/threonine kinase (Akt) is a specific protein kinase mainly 

expressed in the brain and testis. Akt is the downstream target of PI3K and can 

regulate apoptosis, protein synthesis, metabolism and the cell cycle through 

phosphorylated substrates [21]. Previous studies have shown that Akt can regulate a 

variety of proteins related to nerve function, including GABA receptors, ataxin-1 and 

huntingtin proteins. Akt can also regulate NF-kB/IL-6 signal transduction by 

phosphorylating IKKα and Tpl2[22]. mTOR is a member of the PI3K-related kinase 

family and a downstream factor of PI3K/Akt signaling. The PI3K/Akt/mTOR 

signaling pathway plays an important role in cell growth by inhibiting apoptosis, 

including protein synthesis, tumor growth, and angiogenesis [23]. Western Blot and 

qPCR measured the protein and mRNA levels of PI3K/Akt/mTOR signaling pathway 

in the cerebral cortex of developing rats after epilepsy. The results indicated that the 

expression of PI3K, Akt, mTOR were significantly higher than that of the Control 

group, suggesting that PI3K/Akt signaling pathway is involved in the epilepsy 

pathological process. The reasons are considered as follows: ①Excessive activation 



 

 

of mTOR can lead to gene expression of cerebral cortical malformation and the 

epileptic phenotype [24]; ②PI3K/Akt/mTOR signaling pathway participates in cell 

synthesis and proliferation and promotes the synthesis of microglia[25], thereby 

aggravating the immune inflammatory response and increasing inflammatory cell 

exudation.③PI3K/Akt/mTOR signal activates hypoxia-inducible factors and regulates 

the glucose transporter (GLUT), resulting in excessive activation of neurons [26]. 

Contrary to the postulated role of the PI3K/Akt/mTOR pathway in epilepsy pathology, 

there have been reports that this signaling cascade confers protective effects due to 

reducing neuronal apoptosis and ischemic brain injury [27]. A reason for this may be 

that mTOR is part of two main signaling complexes, mTOR complex 1 (mTORC1) 

and mTOR complex 2 (mTORC2). mTORC1 regulates cell growth and metabolism, 

as well as other physiological functions, and mTORC2 regulates cell survival, 

metabolism and structure through the modulation of other downstream protein kinases 

and cytoskeletal elements[28]. Therefore we speculate that different pathway 

complexes may have different effects on epilepsy. 

NF-kB is an important nuclear transcription factor in the cytoplasm. Activated 

NF-kB can enter the nucleus and either initiate or inhibit the transcription of related 

genes[29]. Inflammatory cytokine IL-6 plays an important role in the inflammatory, 

immune and stress response, which is regulated by NF-kB[30]. The results of Western 

Blot and qRT-PCR showed that the protein and mRNA levels of NF-kB and IL-6 

significantly increased in the cerebral cortex after epilepsy, indicating that the NF-kB/ 

IL-6 signaling pathway is involved in the pathological process of epilepsy. The main 

pathological mechanism may be that microglia are activated during epileptic seizures, 

activating the NF-kB inflammatory signaling pathway and resulting in significantly 

increased levels of inflammatory cytokines such as IL-6, IL-1β and TNF-α, leading to 
neuroinflammation[31]. NF-kB can furthermore activate microglia to release 

proinflammatory cytokines, increase neuron excitability and induce epilepsy [32]. 

Everolimus is a specific inhibitor of mTOR protein. In previous studies, 

Everolimus indirectly affected neuronal excitability by modulating specific ion 

channels such as potassium channels or proteins [33]. Currently, clinical use of 

Everolimus is primarily for anti-rejection of organ transplantation, autoimmune 

diseases and anti-tumor treatment [34-36]. Research on epilepsy is still very limited. In 

this experiment, it was observed that pre-treatment with Everolimus in KA-induced 

epileptic rats inhibited microglia activation, as well as the PI3K/Akt/mTOR and 

NF-kB/IL-6 signaling pathways. These inhibitory effects indicate that Everolimus 

may specifically target and reduce the pathological process of epilepsy, thus playing a 

protective role in brain damage post-epilepsy. Furthermore, experimental results 

indicate that Everolimus had the highest therapeutic efficacy at a dose of 2 mg/kg, 

suggesting that the protective effect of Everolimus may be dose-dependent; the most 

suitable dose and time point of Everolimus administration require further research. 

 

Conclusions 

In conclusion, Everolimus can inhibit the proliferation and activation of microglia 

by regulating the PI3K/AKt/mTOR signaling pathway, and reduce the expression of 



 

 

inflammatory factors by inhibiting the NF-kB signaling pathway. These results 

indicate that Everolimus treatment may serve as a new strategy for protecting against 

epilepsy and other neurodegenerative diseases. 
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Figures

Figure 1

Everolimus reduces seizure grade scores. KA 15mg/kg induced developmental rat epilepsy, and different
doses of Everolimus (1, 2, 5 mg/kg) were injected intraperitoneally 2 hours before KA injection. Seizure
stage was assessed during 0.5-1 hours after KA injection. Measurement data were expressed as
mean±SD (n=20). *P<0.05, compared with KA group.



Figure 2

Everolimus increases seizure latency. KA 15mg/kg induced developmental rat epilepsy, and different
doses of Everolimus (1, 2, 5 mg/kg) were injected intraperitoneally 2 hours before KA injection. Seizure
latency was assessed. Measurement data were expressed as mean±SD (n=20). *P<0.05, compared with
KA group; #P<0.05, compared with KA+1mg/kg Eve group.



Figure 3

Everolimus reduces microglia activation in the cerebral cortex. KA 15mg/kg induced developmental rat
epilepsy, and Everolimus (1, 2, 5 mg/kg) was injected intraperitoneally 2 hours before KA injection.
Pathological sections of brain tissue were observed 24 hours after KA injection. A. Control group B. KA
group C. KA+1mg/kg Eve group D. KA+2mg/kg Eve group E. KA+5mg/kg Eve group. F. Iba1 positive cells
quantities for each group. Measurement data were expressed as mean±SD. Scale bar = 100 μm. *P<0.05,



KA group vs. control group; #P<0.05, Everolimus treated group (1, 2, 5 mg/kg) vs. KA group; P<0.05,
KA+2mg/kg Eve group vs. KA+1mg/kg Eve.

Figure 4

Everolimus reduces protein levels of PI3K, Akt and mTOR in the cerebral cortex. KA 15mg/kg induced
developmental rat epilepsy, and Everolimus was injected intraperitoneally 2 hours before KA injection.
Protein levels of PI3K, Akt and mTOR were measured 24 hours after KA injection. A. Protein bands
following Western Blot analysis. B. Relative protein levels (optical density). Measurement data were
expressed as mean±SD (n=20). *P<0.05, KA group vs. control group; #P<0.05, Everolimus treated group
(1, 2, 5 mg/kg) vs. KA group; P<0.05, KA+2mg/kg Eve group vs. KA+1mg/kg Eve group and KA+5mg/kg
Eve groups.



Figure 5

Everolimus reduces mRNA levels of PI3K, Akt and mTOR in the cerebral cortex. Measurement data were
expressed as mean±SD (n=20). *P<0.05, KA group vs. Control group; #P<0.05, Everolimus treated group
(1, 2, 5 mg/kg) vs. KA group; P<0.05, KA+2mg/kg Eve group vs. KA+1mg/kg Eve group.

Figure 6

Everolimus reduces protein levels of NF-kB and IL-6 in the cerebral cortex. KA 15mg/kg induced
developmental rat epilepsy, and Everolimus was injected intraperitoneally 2 hours before KA injection.
Protein levels of NF-kB and IL-6 were measured 24 hours after KA injection. A. Protein bands following



Western Blot analysis. B. Relative protein levels (optical density). Measurement data were expressed as
mean±SD (n=20). *P<0.05, KA group vs. control group; #P<0.05, Everolimus treated group (1, 2, 5 mg/kg)
vs. KA group; P<0.05, KA+2mg/kg Eve group vs. KA+5mg/kg Eve group.

Figure 7

Everolimus reduces mRNA levels of NF-kB and IL-6 in the cerebral cortex. Measurement data were
expressed as mean±SD (n=20). *P<0.05, KA group vs. Control group; #P<0.05, Everolimus treated group
(1, 2, 5 mg/kg) vs. KA group; P<0.05, KA+2mg/kg Eve group vs. KA+5mg/kg Eve group.


