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Abstract 

Purpose: To evaluate the effect of melittin against pilocarpine-induced epilepsy in neonatal mice. 
Methods: Twenty pups were divided into four groups; G1 (control) received normal saline, G2 was 
intraperitoneally injected with pilocarpine hydrochloride (400 mg/kg body weight) postnatally at day 1 
and 7 after birth (P1 and P7), G3 was injected subcutaneously with melittin (0.5 µg/1g) twice a week, 
and G4 was first injected with pilocarpine at P1 and P7, and then with melittin (0.5 µg/1g). After two 
weeks of treatment, the neonates were anesthetized, anatomized, and the brains were prepared for 
general histology and immunohistochemical stains of glial fibrillary acidic protein (GFAP), alpha-
synuclein and beta-amyloid. 
Results: Histological studies of brains showed vacuolation, pale, faint cytoplasm and shrinking of 
pyramidal cells in the pilocarpine-treated group (G2) in comparison with control group (G1). The 
cerebral cortex region showed nuclear pyknosis and acidophilic cytoplasm. Dark-stained nuclei of the 
Purkinje cell layer and eosinophilic cytoplasm were detected in the pilocarpine-treated group in the 
cerebellum region, in contrast to control group. Furthermore, expression of GFAP and alpha-synuclein 
in the hippocampus region was inhibited in the pilocarpine-treated group (G2) in comparison with control 
group. Also, a significant increase in beta-amyloid expression in the cerebellum region was noted in the 
pilocarpine-treated group (G2) compared with control group (G1). In addition, melittin-treated group (G3) 
showed similarity with control group. A significant improvement in the previous histopathological 
markers in pilocarpine-treated group (G2) was noted after treatment with melittin in G4 group. 
Conclusion: Melittin may offer a novel therapeutic approach for treating pilocarpine hydrochloride-
induced status epilepticus. 
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INTRODUCTION 
 

Epilepsy is an unbalanced state between 
inhibitory and excitatory neurotransmission of the 
brain, which includes hyperexcitability, 
continuous disability, deficits in cognitive 
functions and memory deficits [1]. Status 

epilepticus (SE) is defined by neuropathological 
features such as abnormal electrical activity [2]. 
The mice pilocarpine model resembles human 
temporal lobe epilepsy (TLE) in 
neuropathological damage [3]. Also, TLE is 
linked with neuronal cell loss and inhibitory 
pyramidal cells in cornu ammonis of hippocampal 
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regions with alterations of glial cells [4]. Induction 
of TLE in research in experimental setting occurs 
by administering pilocarpine and this model is 
important for evaluating the effectiveness of 
novel antiepileptic agents [5]. Animals (mice and 
rats) with pilocarpine-induced status epilepticus 
display severe cell damage, mossy fiber 
sprouting, pyramidal cell loss, and astrogliosis in 
the hippocampus, amygdala and thalamus during 
epileptogenesis, where the locations and timing 
of neuronal loss in pilocarpine model mice are 
distinguished by determination of the sites of 
brain lesions in hippocampal regions [6]. 
Different mouse strains and different doses have 
been used to induce status epilepticus by 
intraperitoneal injection of pilocarpine [7].  
 
Pilocarpine-induced seizures cause significant 
alterations in the concentration levels of 
aspartate, glycine, glutamate, taurine, gamma-
aminobutyric acid, and glycine in the 
homogenized brain tissues, while the lithium-
pilocarpine model showed changes in the 
extracellular levels of cholinergic amino acid 
neurotransmitters during epileptogenesis. In 
addition, status epilepticus revealed an increase 
in glucose utilization and cerebral metabolic rate 
during epileptic activity [8]. Nowadays, searches 
for new natural compounds for epilepsy 
treatments are necessary. 
 
Melittin, the main ingredient of honeybee (Apis 
mellifera) venom, comprising 26-amino acid 
peptide, is a cationic, hemolytic peptide, and 
contributes to reducing fibrosis in some animal 
models [9]. It participates in combating 
neurodegeneration and reduces the inflammatory 
protein expression in neurological disorders [9]. 
Melittin has diverse biological activities such as 
antiviral, cell cycle arrest, anti-apoptotic effect, 
anti-bacterial, wound-healing potential, 
antifungal, anti-inflammatory, hemolytic, 
anticancer, anti-mutagenic, antitumor, 
radioprotective, anti-nociceptive, aids in immune 
modulatory activity, and pain-relief effects [10].  
 
Protective roles of melittin have been reported in 
osteoarthritic chondrocytes, rheumatoid arthritis, 
acute pancreatitis, acute liver inflammation, renal 
injury, renal fibrosis and gastric inflammation 
[11]. Previous research on melittin concentrated 
on inflammatory cytokine production, 
amelioration of hepatic failure and myocarditis, 
as well as antitumor activity and antiapoptotic 
effects [11].  
 
The aim of the current study is geared towards 
evaluating the possible impact of melittin against 
pilocarpine model of epilepsy in neonatal mice. 
 

EXPERIMENTAL 
 
Animal grouping and experimental design  
 
Twenty adult virgin females and ten male mice 
(Mus musculus; 25 – 30 g) were acquired from 
Animal Housing Facility, Faculty of Science, 
Sohag University, Egypt. The mice were housed 
in isolated polypropylene cages with available 
food and water, temperature (28 °C) and lighting 
(12 light/12 dark). The mice were distributed in 
ten cages (two females with one male per cage) 
and left overnight. The ten pregnant females 
were left to have their pups. After birth, newborns 
were divided into four groups (5 each group); the 
first group (G1) was control (injected 
intraperitoneally with 0.9 % NaCl), the second 
group (G2) was injected intraperitoneally with 
pilocarpine hydrochloride (400 mg/kg in 0.9 % 
NaCl) postnatally at days 1 and 7 after birth (P1 
and P7) [6]. Atropine sulfate at dose (5 mg/kg 
(i.p.) was injected intraperitoneal (30 min before 
administration of pilocarpine) to minimize 
pilocarpine's peripheral side effects [12]. Also, 
melittin (0.5 µg/1 g) was injected subcutaneously 
twice a week to the third group (G3) for two 
weeks. The fourth group (G4) was injected first 
(30 mins earlier) with Atropine sulfate, then with 
pilocarpine hydrochloride (at P1 and P7), then 
after 30 min, injected with subcutaneous melittin 
(twice a week) for two weeks. Newborns at two 
weeks old from the different groups were 
anesthetized with xylazine and anatomized 
following treatment. 
 
Tissue processing 
 
General histology 
 
Newborns’ brains in each group were fixed in 10 
% formalin alcohol for 4 h at  room temperature. 
The dehydration process was performed with 
ascending series of ethyl alcohol (70 %, 90 %, 
100 %, and 100 %) and the clearing step was 
carried out by three changes in xylene (2-hourly 
intervals) followed by three changes in toluene 
(every 1 h). Infiltration in Paraffin wax was 
achieved in an oven at 60 ºC for 6 h (three 
changes; 2-hourly intervals). Furthermore, 
samples were orientated in the Paraffin blocks to 
be ready for cutting at 5 μm by a microtome 
(Leica Biosystems, Shanghai, China). 
Hematoxylin and Eosin (H & E) dye was used to 
stain the sections for conventional histology [13]. 
 
Immunohistochemistry study 
 
Immunohistochemical staining was done using 
the protocol of the Millipore Company (Det- 
HP1000; Burlington, MA). Positive slides were 
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used during the steps of the 
immunohistochemical technique to prevent losing 
the sections. Sections were rinsed in xylene for 
deparaffinization, then rehydrated by a 
descending series of ethyl alcohol to water (100 
%, 90 %, 70 %, 50 %, water).  
 
Thereafter, the sections were treated with citrate 
buffer (pH = 6) to retrieve the antigen. Following 
each step, phosphate buffer (pH = 7.4) was used 
for washing. Endogenous peroxidase blocking 
was carried out by rinsing the slides in 3 % 
hydrogen peroxide. Brain sections of different 
groups were immersed for 10 min in the blocking 
reagent (Det-HP1000, 20773; Millipore).  
 
The primary antibody step was done in different 
tissues of the brain; e.g., Hippocampus regions 
were incubated with two primary antibodies in 
separate sections of slides; GFAP (Rabbit 
polyclonal; ab227761; Abcam; 1:100) and alpha-
synuclein (Rabbit polyclonal, E2681, Spring 
Bioscience, Pleasanton, CA) (Ready to use). 
Cerebral cortex regions were incubated with the 
primary antibody, alpha-synuclein, while the 
cerebellum region was incubated with primary 
anti-beta Amyloid antibody (polyclonal produced 
in Rabbit; ab74396; Abcam; 1:100). 
 
Secondary antibody step was done by incubating 
with goat anti-rabbit immunoglobulin-G (IgG; 
20775; Det-HP1000; Millipore Co.) for 30 min. 
The labeling enzyme step was carried out by 
incubating with streptavidin horseradish 
peroxidase (20774; Det- HP1000; Millipore Co.) 
for 30 min.  
 
Freshly prepared 3,3́-diaminobenzidine 
tetrahydrochloride (DAB) with the substrate 
(D3939; Sigma, St. Louis, MO) was added to 
sections, which were subsequently dehydrated, 
cleared and then mounted with Distyrene 
Plasticizer Xylene (DPX). Photomicrographs 
were captured using an AxioCam ERc5s camera 
attached to a light microscope (Axio Lab. A1, 
Carl Zeiss, Berlin, Germany). 
 
Analysis of immunohistochemical stained 
sections 
 
The percentage area intensity of 
immunohistochemical stained sections was 
determined by ImageJ software (https:// fiji.sc/) 
for quantifying color [14].  
 
Two-tailed t-test analysis of the data was 
performed using the Microsoft Excel program. 
The histogram displayed the acquired data as 
mean ± standard error (SE). 
 

RESULTS 
 
Histological and immunohistochemical 
investigation of the hippocampus region 
 
Sections of control group's hippocampus region 
stained with H & E (Figure 1 A) revealed four 
regions of Cornu ammonis (CA1, CA2, CA3, 
CA4) and dentate gyrus (DG). Control group 
(G1) in CA1 region showed astrocytes (star-
shaped) with positive glial fibrillary acidic protein 
(GFAP) immunoreactive  cells that were 
distributed among the hippocampus's several cell 
layers (red rectangle in Figure 1 B and C). 
Pilocarpine-treated group (G2) revealed a 
significant decrease in GFAP expression in 
astrocyte cells (Figure 1 D and G). Conversely, 
melittin-treated group didn’t reveal any 
abnormality compared to control (Figure 1 E and 
G). Pilocarpine-induced mice treated with melittin 
(G4) exhibited improvement in GFAP signals in 
astrocyte cells (Figure 1 F and G) compared with 
G2. 
 
Perivascular astrocytes (the end-feet of 
astrocytes  that send cell expansions toward the 
blood vessels in the hippocampus area showed 
strong immunoreactivity of GFAP in control group 
(white rectangle in Figure 1 B and Figure 2 A). In 
the pilocarpine-treated group, a significant 
decrease in GFAP localization was noted in long 
processes of astrocytes (Figure 2 B and E). 
However, melittin-treated group (G3) did not 
show any change in GFAP immunoreactivity in 
the astrocytes of surrounding blood vessels 
(Figure 2 C and E). Pilocarpine plus melittin-
treated group (G4) exhibited a significant 
improvement in the GFAP signals as compared 
to G2 group (Figure 2 D and E). 
 
Normal architecture of pyramidal cell layer, i.e., 
rounded vesicular nuclei and basophilic 
cytoplasm, was seen in control group at CA1 
(Figure 3 A). The pyramidal cells in the 
pilocarpine-treated group (G2) appeared 
vacuolated, disorganized, detached, with pale, 
altered-stained nuclei and faint cytoplasm (Figure 
3 B). The pyramidal cells in melittin-treated group 
appeared in normal architecture (Figure 3 C) 
while those in pilocarpine plus melittin-treated 
group (G4) revealed improvement in previous 
alterations (Figure 3 D). In control and melittin-
treated groups, alpha-synuclein 
immunohistochemical staining showed normal 
distribution around the cell membranes of 
pyramidal cells (Figure 3 E and G), while the 
pilocarpine-treated group revealed complete 
inhibition and a significant decrease of alpha-
synuclein localization (Figure 3 F and I). Slight 
improvement of alpha-synuclein signals in some 
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pyramidal cells was observed in pilocarpine plus 
melittin-treated group (Figure 3 H and I). 

 

 

 
 
Figure 1: Photomicrographs of H&E-stained sections show histological structure of hippocampus (A), which 
consists of four areas of cornu ammonis (CA1, CA2, CA3, CA4) and dentate gyrus (DG). (B) The GFAP 
immunostaining sections in the hippocampus region show normal GFAP expression in the hippocampus fissure 
region (red rectangle) and blood vessels (white rectangle) of control group. (C) High magnification of control 
group (G1) revealed positively-stained astrocytes for GFAP expression in CA1 region. (D) Inhibition of GFAP 
localization was detected in pilocarpine-treated group (G2). (E) Melittin-treated groups (G3) didn’t exhibit any 
change in the GFAP expression. (F) Improvement in GFAP signals of astrocyte cells was detected in pilocarpine 
plus melittin-treated group (G4). Scale bar in A-B is 50 μm;  C–F is 10 μm. The histogram represents mean % 
area intensity of GFAP expression in different groups. (*) indicates a significant decrease in G2 (pil) compared to 
G1 (cont.), while G3 (mel) and G4 (pil+mel) are not significantly different 
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Figure 2: Photomicrographs show GFAP immunostaining of peri-vascular astrocytes in the blood vessel of 
hippocampus region. (A) Control group (G1) shows normal GFAP astrocytes. (B) Pilocarpine-treated group (G2) 
exhibited decrease in GFAP astrocytes. (C) Melittin-treated group (G3) didn’t show any abnormalities in GFAP 
expression. (D) Pilocarpine plus melittin-treated group (G4) revealed improvement in the GFAP astrocytes. Scale 
bar in A-D is 10μm. (E) Histogram shows mean % area intensity of GFAP expression. (*) indicates a significant 
decrease in G2 (pil.) compared to control 
 

Histological and immunohistochemical 
investigation of the cerebral cortex region 
 
Normal neurons with rounded nuclei, soma and 
dendrites were noted in the cerebral cortex of 
control group (Figure 4 A). The pilocarpine-
treated group exhibited abnormal nuclei and 
pyknosis of nuclei (Figure 4 B) in comparison 
with control group. However, no histological 
alterations were noted in the neurons in melittin-
treated group (Figure 4 C). Improvement in the 
neuron’s morphology was observed in 

pilocarpine plus melittin-treated group (Figure 4 
D) as compared with G2 and alpha-synuclein 
was normally expressed in the cerebral cortex 
neurons of control and melittin-treated groups 
(Figure 4 E and G). Furthermore, a significant 
decrease in the alpha-synuclein localization was 
detected in the pilocarpine-treated group (Figure 
4 F and I). The pilocarpine plus melittin-treated 
group (G4) exhibited a significant improvement in 
the expression of alpha-synuclein (Figure 4 H 
and I). 
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Figure 3: Photomicrographs of H&E-stained sections 
of hippocampus (CA1) that consist of three layers: 
polymorphic (PL), pyramidal (P), and molecular (M). 
(A) Normal pyramidal cell layer was detected in control 
group (G1). (B) Detachment, disorganization, and 
shrinkage of cells were observed among pyramidal 
cells of pilocarpine-treated group (G2). (C) The 
pyramidal cells in melittin-treated group appeared 
similar to control group. (D) Pyramidal cells in 
pilocarpine plus melittin-treated group revealed 
improvement. (E) Alpha-synuclein immunostained 
sections in the hippocampus region (CA1) of control 
show the normal distribution of alpha-synuclein around 
the cell membranes of pyramidal cells. (F) Inhibition of 
alpha-synuclein localization was noted in the 
pilocarpine-treated group (G2). (G) Similar alpha-
synuclein expression was noted in melittin-treated 
group (G3). (H) Improvement in alpha-synuclein 
expression was detected in pyramidal cells in 
pilocarpine plus melittin-treated group (G4). Scale bar 
in A-H is 10μm. (I) Histogram shows mean % area 
intensity of alpha-synuclein expression in the 
hippocampus region. (*) indicates a significant 
decrease in G2 (pil.) compared to control 

  

 
 
Figure 4: Photomicrographs showing H&E staining in 
the cerebral cortex; control group (A) and melittin-
treated group (C) with normal neurons. (B) 
Pilocarpine-treated group exhibited abnormality and 
pyknosis of neuronal nuclei. (D) Recovery in the 
morphological appearance of neurons was observed 
in pilocarpine plus melittin-treated group. Alpha-
synuclein immunostaining in the cerebral cortex; 
control group (E) and Melittin-treated group (G) 
showed the normal localization of alpha-synuclein 
expression in the neurons (G). Pilocarpine-treated 
group displayed a significant decrease in the alpha-
synuclein localization (F, I). Pilocarpine plus melittin-
treated group exhibited a significant improvement in 
the expression of alpha-synuclein (H, I). Scale bar in 
A-H is 10 μm. (I) Histogram shows mean % area 
intensity of alpha-synuclein expression in the cerebral 
cortex. (*) indicates a significant decrease in G2 (pil.) 
compared to control 
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Histological and immunohistochemical 
investigation of the cerebellum region 
 
Histological staining of the cerebellum gray 
matter in control group (Figure 5A) revealed 
three layers: molecular layer, Purkinje cell layer, 
and granular  cell layer. Pyriform Purkinje 
neuronal cells appeared in the middle of the 
Purkinje cell layer with clear vesicular nuclei and 
a basophilic cytoplasm. Increase in size and 
eosinophilic cytoplasm in some cells of Purkinje 
cell layer was observed in pilocarpine-treated 
group (Figure 5 B) in comparison with control 
group. Also, no histological  changes were noted 
in melittin-treated group (Figure 5 C). Alterations 
in the Purkinje cell layer were absent in the 
pilocarpine plus melittin-treated group (Figure 5 
D), while the pilocarpine-treated group (G2) 
showed a marked and significant increase in the 
beta-amyloid expression (Figure 5 F and I) 
compared with the normal expression in control 
group (Figure 5 E and I) and melittin-treated 
group (Figure 5 G). A significant improvement in 
the accumulation of beta-amyloid was noted in 
the pilocarpine plus melittin-treated group 
compared with pilocarpine-treated group (Figure 
5 H and I). 
 

DISCUSSION 
 
The  present immunohistochemical study of 
GFAP expression, alpha-synuclein, and beta-
amyloid in pilocarpine-treated brain tissues 
provides evidence of neuropathological 
alterations in the pilocarpine-induced epilepsy 
model. Glial fibrillary acidic protein (GFAP) is the 
principal intermediate filament protein and is 
considered a classical hallmark of reactive 
astrogliosis and also determines the functions of 
astrocytes in the CNS, where astrocytes play a 
significant role in the spread and generation of 
epileptic action [15]. Astrocytes play important 
functions such as generation of growth factors 
and cytokines, glutamate and potassium 
absorption, protein synthesis in the extracellular 
matrix, and are also crucial in the normal 
functioning of the central nervous system [16]. 
 
The current investigation revealed a decline in 
GFAP expression in the pilocarpinized 
hippocampus region that is a result of astrocyte 
alterations. Astrocyte degeneration by 
pilocarpine is specific to different mouse strains, 
i.e., it is absent in mice that had either kainate-
induced or pilocarpine-induced status epilepticus 
[16]. Overexpression of GFAP in astrocytes 
(gliosis) has been described in some models that 
were accompanied by proliferation and swelling 
of astrocytes [17].  
 

 
 
Figure 5: Photomicrographs of H&E-stained cells 
showing the layers of cerebellar region: granular  cell 
layer (GC), Purkinje cell layer (PCL), and molecular 
layer (MCL). (A) PCL of control group has pyriform 
neuronal cells with clear vesicular nuclei and a 
basophilic cytoplasm arranged in a single row. (B) 
PCL of Pilocarpine-treated group (G2) displayed 
increase in size and eosinophilic cytoplasm in some 
cells. (C) No histological  changes were noted in 
melittin-treated group (G3), and (D) improvement was 
noted in pilocarpine plus melittin-treated group (G4). 
(E) Beta-amyloid immunostaining in the cerebellar 
region; control group (G1) showed the normal 
localization of beta-amyloid. Pilocarpine-treated group 
(G2) showed a marked increase in beta amyloid 
expression (F, arrows, I). Melittin-treated group (G3) 
did not express any histopathological alteration (G). 
(H) Improvement of beta amyloid expression was 
exhibited in the pilocarpine plus melittin-treated group 
(G4). Scale bar in A-H is 10 μm. (I) Histogram shows 
the mean % area intensity of beta-amyloid expression 
in the cerebellar region. (*) indicates a significant 
increase in G2 (pil.) compared to control 
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Spontaneous seizures induced by pilocarpine or 
lithium/pilocarpine were associated with 
significant astroglial and neuronal degeneration 
in the piriform cortex [16].  
 
The present study showed inhibition of alpha-
synuclein expression in the areas of the cerebral 
cortex and hippocampus of pilocarpine-treated 
group. Alpha-synuclein deficiency or absence in 
mice causes neuronal dysfunction, changes in 
synaptic structure, axonal structure, and synaptic 
protein composition, as well as functional 
deficiencies in the nigrostriatal dopamine system 
[18]. The results of the present study revealed a 
deposition of β-amyloid in the cerebellar region 
of pilocarpine-treated group. Previous studies 
have shown that β-amyloid protein deposition is 
a histopathological hallmark of 
neurodegenerative diseases such as Alzheimer, 
Down syndrome, dementia, neurotoxicity, 
epilepsy and brain injuries [19]. Accumulation of 
soluble β-amyloid monomers leads to deposition 
of insoluble fibrillar polymers. Irregular β-amyloid 
deposition would have spread to the Purkinje or 
granule cell layers. Uncommon patterns of 
amyloid deposition might be due to an excessive 
or unusual astrocyte activity or as a result of 
variations in molecules such as apolipoproteins, 
proteoglycans, and acute phase proteins. A 
possible therapeutic approach to 
neurodegenerative disease therapy is the 
clearance or removal of the β-amyloid deposits 
[20]. 
 
The ameliorating results obtained by melittin 
were in harmony with the antiepileptic effects of 
Nigella sativa, Thymoquinone, Rosa damascena, 
Wuling mycelia, erythravine, 11α-hydroxy-
erythravine, Scopolamine, neural Per-Arnt-Sim 
protein 4 (Npas4), Annexin A1-derived peptide 
and peptides obtained from wasp and scorpion 
venoms [21,22]. Bee venom has been shown to 
possess radioprotective and neuroprotective 
effects against acrylamide. Melittin, the active 
ingredient of bee venom, has been documented 
to prevent seizures in the bicuculline-induced 
epileptic model [23]. Melittin stimulates the 
glutamatergic and GABAergic neurotransmission 
by activation of Ca2+ and phospholipase A2. 
Melittin does not damage cell membranes at low 
concentrations, but it exerts lytic effects at high 
concentrations. The improvement might be due 
to the antioxidant power of melittin against the 
oxidant damage [11]. The antioxidant property of 
melittin might be due to suppression of nitric 
oxide (NO), inducible nitric oxide synthase 
(iNOS), cyclooxygenase-2/prostaglandins 
expression (COX-2/PGE2), Reactive Oxygen 
Species (ROS), and malondialdehyde (MDA) 
levels [9]. 

Antioxidant defense of melittin might be 
associated with TrkB/CREB/BDNF pathway, 
where it stimulates p-TrkB activation, increases 
the amount of p-CREB transcription factor, and 
then upregulates the expression of brain-derived 
neurotrophic factor (BDNF) or through regulating 
the activation of Nrf2/HO-1 pathway [13]. Melittin 
inhibits aortic vascular smooth muscle cell 
proliferation by inhibiting NF-κB, Akt activation, 
mitogen-activated protein kinase pathway, and 
regulating the expression of extracellular matrix 
(ECM). It also suppresses liver fibrosis by a 
decline of NF-κB activation, inhibition of the 
activation of the NF-κB pathway, and 
suppression of IL-6 expression.  
 
Furthermore, melittin suppresses cell death by 
hydrogen peroxide (H2O2)-induced apoptosis, 
hence used in the treatment of cholangitis and 
biliary fibrosis, with analgesic and anti-
inflammatory effects. Thus, the effect of melittin 
might be related to the modification of the NF-κB 
signaling pathway or the probability of melittin 
blocking the integral interaction between 
astrocytes and microglia that stimulates 
continuous inflammation [24]. It has been 
suggested that the mechanisms of action of 
melittin might be attributed to interaction with 
diverse molecules, or it may be due to direct 
pilocarpine inactivation or receptor inactivation at 
the surface of cells. Thus, more investigation is 
required for future uses of melittin in the 
treatment of epilepsy and to ascertain melittin's 
mode of action, delivery, effectiveness and safety 
in an epilepsy model. 
 

CONCLUSION 
 
The present study provides a deeper 
understanding of how pilocarpine causes status 
epilepticus and the possible novel treatment of 
epilepsy by melittin. Therefore, melittin may offer 
a novel therapeutic approach for treating 
pilocarpine hydrochloride-induced status 
epilepticus. 
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