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Abstract 

Purpose: To investigate the effect of midazolam on growth of neurocytes in vitro and in neonatal rats.  
Methods: Neurocyte proliferation and activity of lactate dehydrogenase were assessed by MTT and 
lactate dehydrogenase assays, respectively. Western blotting was used to determine the effect of 
midazolam on LC3, Bax, p62 and Beclin-1 protein expressions.  
Results: The suppression of neurocyte proliferation byconvulsion was alleviated significantly (p < 0.05) 
by midazolum treatment. Exposure of convulsion model of neurocytes to midazolum suppressed LC3, 
Bax, p62 and Beclin-1 protein expression. Midazolum exposure of convulsion model of neurocytes 
suppressed LDH, caspase-3, caspase-8 and caspase-9 activities. The 3-MA (autophagy inhibitor) 
treatment also significantly (p < 0.05) promoted neurocyte viability after convulsion induction.  In 
convulsion-induced neurocytes, 3-MA exposure suppressed expression of caspase-3/8/9, LC3, Bax, 
Beclin-1 and p62, while application of midazolum treatment to the rats with convulsion markedly 
decreased brain water content and neurocyte apoptosis (p < 0.05). Treatment with midazolum inhibited 
LC3, p62 and Beclin-1 expression in the rat model of convulsion.  
Conclusion: Midazolum promotes neurocyte proliferation and inhibits edema development via down-
regulation of autophagy. Therefore, midazolum can potentially be used for the treatment of convulsion, 
but further studies need to be carried out first.  
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INTRODUCTION 
 
Recurrent convulsion is a neurological disorder 
that endangers the lives of children at different 
stages of development and hinders their growth 
physically as well as intellectually [1]. Convulsion 

is responsible for psychological, cognitive and 
behavioral abnormalities in children which 
usually persist at adult stage [2,3]. Recurrent 
convulsion leads to economic as well as 
psychological burden on the families of patients 
and country as a whole [2,3]. Generally, 
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convulsion in patients is persistent and recurrent 
[3]. The major damage to brain during recurrent 
convulsion is caused by the activation of 
apoptotic pathway [4]. Apoptosis induction during 
central nervous disorders has been found to 
involve mitochondrial pathway [5]. Down-
regulation of mitochondrial pathway is therefore 
believed to be of prime importance to explore the 
role of therapeutic agents in the treatment of 
convulsion [5]. The two main methods of cell 
death in multi-cellular organisms are necrosis 
and apoptosis [6]. The organelle damage and 
excessive environmental pressure leads to 
necrosis which is an abnormal and passive 
method of cell death [5]. The genetically 
regulated process for maintaining homeostasis 
and eliminating cells from the body is apoptosis 
[5]. The third method of cell death in which 
degradation of organelles and proteins by 
lysosomes takes place is known as autophagy 
[5]. During neurological damage, autophagy 
activates apoptosis-promoting factors leading to 
apoptotic cell death [7]. 
 
Midazolam is a member of benzodiazepine class 
which is used as anesthesia for inducing 
sedation. It is a receptor agonist for various 
members of class benzodiazepine and has been 
found to induce no harmful effect on 
development of neurons [8]. During anesthesia 
midazolam plays an important role in protecting 
the dendrites [8]. Midazolam exposure of 
hematologia, ectoderm and mesenchymal 
carcinoma cells has been found to activate cell 
apoptosis [9-11]. Midazolam is known for its 
potential as agonist for peripherally-distributed 
benzodiazepine receptors [12,13]. The 
peripherally distributed benzodiazepine receptors 
play vital role in the cellular processes like 
proliferation and growth [12,13]. The present 
study investigated the effect of midazolum on 
growth and proliferation of neurocyte cells of 
convulsion model in vitro and in vivo. 
 
EXPERIMENTAL 
 
Neonatal rats 
 
A total of 40 neonatal rats (Wistar strain, 6-12 g) 
were supplied by the Second Affiliated Hospital 
of Xi'an, Jiaotong University, China. The 
neonatal rats were given free access to water 
and feed. All the rats were maintained under 12-
h light/12-hdark cycles at 23 oC and 65 % 
humidity. The animal experimental procedures 
were conducted as per the National Institute of 
Health guidelines [14] and approval was obtained 
from Ethics Committee, Nantong University, 
Nantong China (approval no. 2014/2Tx1221). 
The decapitation method was used for sacrificing 

the rats after anaesthetization using mixture of 
xylazine (10 mg/kg) and ketamine hydrochloride 
(80 mg/kg) through intraperitoneal route. 
 
Preparation of SC model rats 
 
The convulsion model of neonatal rats was 
prepared by administration of LiCl-pilocarpine 
mixture as reported earlier [15]. Pilocarpine (30 
mg/kg) was intraperitoneally injected to the rats 
after 20 h of LiCl (127 mg/kg) administration to 
induce convulsion. The treatment group was 
given 5 mg/kg dose of midazolum 
intraperitoneally 10 min after convulsion 
induction. The rats in control group received LiCl 
and chloral hydrate but not pilocarpine. 
 
Study design 
 
Forty neonatal rats were assigned to control, 
untreated convulsion, midazolum treatment and 
3-MA administration groups. The rats were 
sacrificed 24 h after convulsion induction 
following anaesthetization with xylazine (10 
mg/kg) and ketamine hydrochloride (80 mg/kg) 
mixture. The brain tissues were excised for 
examination of edema formation and analysis of 
neurocyte growth using hematoxylin and eosin 
staining. The expression of proteins in brain 
tissues was assayed by western blot assay. 
 
Measurement of water content of brain 
 
The rats after 24 h of convulsion induction were 
sacrificed to excise the brain tissues which were 
subsequently washed two times with PBS. The 
brain samples were weighed to record the wet 
weight and then dried at 70 oC to measure the 
dry weight. The brain edema was measured by 
determining the difference between the wet and 
dry weights. 
 
Hematoxylin and eosin (H&E) staining 
 
The neurocyte growth was examined after 
hippocampus tissues were stained with 
Haematoxylin and eosin (H&E). The 
hippocampus tissues excised from the neonatal 
rats were subjected to fixing for 24 h with 
paraformaldehyde (4 %). The tissues after 
paraffin-embedding were cut into 3 µm slices and 
then stained for 10 min with H&E at room 
temperature. The confocal microscope was used 
for histopathological examination of the tissue 
sections. 
 
Culture of neuro-2A 
 
Neurocyte cells were obtained from the Chinese 
Academy of Sciences (Shanghai, China). 
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Dulbecco's modified Eagle's medium mixed with 
fetal bovine serum (10 %; FBS) was used for the 
cell culture. The medium also contained 
antibiotics such as penicillin (100 U/ml) and 
streptomycin (100 µg/ml). The cell cultures were 
performed in incubator containing 5 % CO2 at 
37˚C. The cells were stimulated with xylazine 
and ketamine hydrochloride mixture for inducing 
convulsion. The neurocytes were incubated with 
5 µM solution of 3-MA prior to xylazine and 
ketamine hydrochloride treatment. 
 
Cell viability assay 
 
Neurocyte cell viability was measured by(3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) (MTT) proliferation assay. The 
neurocytes stimulated with xylazine and 
ketamine hydrochloride for convulsion were 
exposed to 5 µM of midazolam for 12, 24, 48 and 
72 h in 96-well plates. Then, 5 mg/mL MTT 
solution (20 µL) was added to the plates, and 
incubation for 2 h was continued. The medium 
was completely aspirated from the plates and 
120 µL dimethyl sulfoxide was added. Cell 
viability was determined by measuring 
absorbance of plates using microplate reader at 
568 nm. 
 
Analysis of lactate dehydrogenase activity 
 
The activity of LDH in neurocytes after xylazine 
and ketamine hydrochloride stimulation and 
subsequent exposure to 5 µM midazolam was 
determined using LDH Detection kit. The 
absorbance measurements were made at 445 
nm using microplate reader for determination of 
LDH activity. 
 
Determination of caspase-3, caspase-8 and 
caspase-9 activity 
 
The neurocytes after xylazine and ketamine 
hydrochloride stimulation and subsequent 
exposure to 5 µM midazolam were lysed on 
treatment with RIPA buffer at 4˚C. Centrifugation 
of the lysate for 20 min at 3,000 x g at 4˚C was 
followed by BCA assay. The proteins were 
resolved by electrophoresis on 10 % SDS 
polyacrylamide gel and subsequently transferred 
to PVDF membrane. Incubation of membranes 
was carried out with primary antibodies against 
caspase-3, caspase-8 and caspase-9. The 
enzyme Immuno analyzers were used to 
measure optical density at 402 nm. 
 
Western blot analysis 
 
Homogenization of brain tissues or lysis of 
neurocytes was performed on treatment with 

RIPA buffer for 25 min at 4˚C. Centrifugation of 
the lysate for 15 min at 3, 500 x g at 4 ˚C was 
followed by measurement of protein content by 
BCA method. Protein (20 µg) samples were 
loaded on 10 % SDS-PAGE for separation by 
electrophoresis. The proteins were subsequently 
transferred to PVDF membrane in which non-
specific sites were blocked on incubation for 1 h 
with 5 % non-fat milk in TBST. Incubation of 
membranes was performed against primary 
antibodies against Bax, Beclin-1, p62, LC3 and 
GAPDH (all from Cell Signaling Technology, Inc., 
Danvers, MA, USA). The membrane washing 
was followed by 1 h incubation with horseradish 
peroxidase-labeled goat anti-rabbit IgG 
secondary antibody at room temperature. The 
enhanced chemiluminescence kit was used for 
band visualization. 
 
Statistical analysis 
 
The data are presented as mean ± standard 
deviation. All statistical analyses were performed 
using SPSS software (version 20.0; IBM Corp, 
Armonk, NY, USA). Data analysis was carried 
out using one-way analysis of variance and 
Tukey's multiple comparison test. The 
differences were taken statistically significant at p 
< 0.05. 
 
RESULTS 
 
Midazolum treatment increases neurocyte 
proliferation 
 
The proliferation rate of convulsion model of 
neurocytes was significantly (p < 0.05) lower 
than those of normal neurocytes (Figure 1A). 
Treatment of convulsion model of neurocytes 
with midazolum significantly (p < 0.05) increased 
the proliferation rate. The proliferation rate of 
convulsion model of neurocytes showed a 
significant (p < 0.05) increase on treatment with 
midazolum for 72 h (Figure 1B). 
 
Midazolum treatment of neurocytes inhibited 
autophagy in vitro 
 
The levels of LC3-2 and Beclin-1 were markedly 
higher in neurocytes of in vitro convulsion model 
(Figure 2). In convulsion model of neurocytes, 
Bax and p62 expression were much higher than 
those of control neurocytes. Exposure of 
convulsion model of neurocytes to midazolum 
suppressed expression of LC3-2 and Beclin-1 
when compared to negative control. Midazolum 
treatment markedly suppressed the levels of Bax 
and p62 in convulsion model of neurocytes. 
 



Shi et al 

Trop J Pharm Res, March 2020; 19(3): 560 
 

 
 
Figure 1: Effect of midazolum on neurocyte viability. 
(A) The viability of convulsion model of neurocytes 
was measured after 72 h exposure to midazolum (5 
µM). (B) The convulsion model of neurocytes was 
exposed to midazolum for 12, 24, 48 and 72 h and 
changes in viability were measured by MTT assay; *p 
< 0.02 and **p < .01 vs. negative control neurocytes 
 

 
 
Figure 2: Midazolum changes expression of 
autophagy related factors in vitro in neurocytes. (A) 
Exposure of neurocytes in vitro to midazolum was 
followed by western blotting for assessment of LC3-2, 
Bax, Beclin-1 and p62 expression. (B) The expression 
was quantified using β-actin as internal control; *p < 
0.02 and **p < 0.01 vs. negative control neurocytes 
 
Midazolum treatment suppressed LDH 
activity, and caspase-3, caspase-8 and 
caspase-9 levels in neurocytes in vitro 
 
The activity of LDH in convulsion model of 
neurocytes was markedly higher compared to the 
normal neurocytes (Figure 3). Midazolum 
exposure of convulsion model of neurocytes 
suppressed the activity of LDH. The caspase-3, 
caspase-8 and caspase-9levels were also higher 
in convulsion model of neurocytes in vitro 
compared to the normal cells. Exposure of 
convulsion model of neurocyte cells to 
midazolum decreased the levels of caspase-3, 
caspase-8 and caspase-9. 

 

 
 
Figure 3: Effect of midazolum on LDH activity and 
caspase-3, caspase-8 and caspase-9activation in 
convulsion model of neurocytes. The LDH activity and 
caspase-3, caspase-8 and caspase-9expression in 
convulsion model of neurocytes was analyzed using 
ELISA kits. *p < 02 and **p < 0.01 vs. the untreated 
neurocytes 
 
Effect of autophagy inhibitor on neurocyte 
viability 
 
To ascertain whether midazolum promotes 
proliferation of convulsion model of neurocytes 
through inhibition of autophagy, neurocytes were 
exposed to 3-MA before inducing convulsion. 
Exposure of convulsion model of neurocytes to 
3-MA (autophagy inhibitor) significantly promoted 
convulsion induced reduction of neurocyte 
viability (Figure 4). 
 

 
 
Figure 4: Effect of 3-MA on convulsion induced 
suppression of neurocyte viability. The convulsion 
model of neurocyte cells was exposed to 3-MA and 
viability was determined using MTT assay; *p < 0.02 
vs. untreated neurocytes. 
 
Effect of autophagy inhibitor on caspase-
3/8/9 and autophagy inducers in neurocytes 
 
In convulsion model of neurocytes 3-MA 
treatment reduced the expression of LC3-2, Bax, 
Beclin-1 and p62 markedly compared to 
untreated neurocytes (Figure 5). The 3-MA 
treatment of convulsion model of neurocytes also 
caused a marked decrease in LDH activity. 
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Figure 5: Effect of 3-MA on autophagic factors and 
LDH activity in neurocytes. (A) The convulsion model 
of neurocytes was exposed to 3-MA and protein 
expression was assessed by western blot assay. 
ELISA kit was used to determine LDH activity. *p < 
0.02 vs untreated neurocytes 
 
Midazolum promote growth of neurocyte cells 
in rats with convulsion 
 
The growth of neurocyte cells and water content 
in the brain of rats with convulsion was assessed 
following treatment with midazolum (Figure 6). 
The water content in the brain of rats with 
convulsion was markedly increased compared to 
midazolum treatment and normal control groups 
(Figure 6A). The apoptosis rate of neurocyte 
cells was significantly (p < 0.05) higher in 
untreated rats with convulsion than in midazolum 
treatment and normal control rats (Figure 6B). 
Midazolum treatment of the rats with convulsion 
decreased brain water content and apoptosis of 
neurocyte cells. 
 

 
 
Figure 6: Effect of midazolum on neurocyte cell 
growth in rat model of convulsion. (A) Hematoxylin & 
Eosin stained brain tissue samples were examined for 
detection of apoptosis (magnification, x100). (B) The 
content of water in the brain tissues of rats was 
measured. *p < 0.05, **p < 0.02 vs. the untreated 
convulsion rat group 
 
Midazolum reduced Bax and caspase-3/8/9 in 
rats with convulsion 
 
The level of Bax in rats with convulsion was 
markedly higher compared to midazolum 
treatment and normal control rats (Figure 7). In 
rats with convulsion the activity of caspase-3, 
caspase-8 and caspase-9was also higher 
compared to normal control rats. The midazolum 
treatment of rats with convulsion markedly 

reduced the activity of caspase-3, caspase-8 and 
caspase-9 compared to untreated group. 
 

 
 
Figure 7: Effect of midazolum on Bax and caspase-3, 
caspase-8 and caspase-9 level in rat model of 
convulsion. The Bax and caspase-3/8/9 levels in the 
brain tissues were determined by western blot assay; 
*p < 0.05, **p < 0.02 vs. the untreated convulsion rat 
group 
 
Midazolum inhibits autophagy in rats with 
convulsion 
 
In rats with convulsion the levels of LC3-2 and 
Beclin-1 were markedly increased compared to 
normal control group (Figure 8). Midazolum 
treatment of the rats with convulsion suppressed 
LC3-2 and Beclin-1 expression markedly when 
compared to untreated rats. The p62 expression 
in rats with convulsion was higher than those of 
rats in normal control group. The level of p62 
was markedly reduced in rats with convulsion on 
treatment with midazolum. 
 

 
 
Figure 8: Effect of midazolum on autophagy related 
factors in brain tissues of convulsion rat. (A) The level 
of LC3-2, Beclin-1 and p62 in rat brain tissues with 
convulsion was determined using western blot assay. 
(B) The expression levels were quantified using β-
actin as loading control; *p < 0.02 and **p < 0.01 vs. 
untreated convulsion rat group 
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DISCUSSION 
 
Recurrent convulsion has been found to 
endanger the children’s lives at various stages of 
development hindering their physical and 
intellectual growth [16]. Therefore, understanding 
the alterations in hippocampus may be beneficial 
for treatment of convulsion by inhibiting 
neurocyte cell apoptosis and promoting 
proliferation [17]. It was reported that 
administration of midazolam preserves neuronal 
dendritic structures and does not affect the 
development of neurons during anesthesia [8]. 
 
The present study investigated the effect of 
midazolam on convulsion in rat model in vivo and 
neurocyte cells in vitro. The data showed 
neurocyte proliferation increase significantly in 
vitro by midazolam treatment compared to 
convulsion model of neurocytes. In the rat model 
of convulsion large sized edema were observed 
and neurocyte cells showed apoptosis. Edema 
was absent and neurocyte cell growth normal in 
the rat model of convulsion on treatment with 
midazolam. Autophagy is the cycling process for 
proteins characterized by the accumulation of 
double membrane encapsulated 
autophagosomes [18]. The process of autophagy 
is regulated by the lysosome degradation 
pathway [5]. Autophagy significantly contributes 
to death and cell differentiation, immunity and 
aging [17]. 
 
The pathogenesis of various malignant tumors 
and neurological diseases is associated with the 
autophagy [18]. It is the mechanism of self-
adoption operating via removal of damaged cell 
organelles and mis-folded proteins, and 
restoration of tissue homeostasis by providing 
nutrients [18]. Impairment as well as excessive 
activation of autophagy leads to various diseases 
including neurological disorders [19]. The 
neurological damage due to autophagy is 
indicated by higher expression of autophagy 
marker protein, LC3 in the brain tissues [19]. The 
present study showed lower expression of LC3 in 
convulsion model of neurocytes when compared 
to normal neurocytes.  
 
LC3 and Beclin-1 expressions were markedly 
promoted in the convulsion model of neurocytes 
in vitro on exposure to midazolam. The 
expression of LC3 and Beclin-1 were also 
increased in vivo in the rat model of convulsion 
on treatment with midazolam. These findings 
provided evidence that midazolam increased 
proliferation of neurocytes both in vitro and in 
vivo in rat model of convulsion via up-regulation 
of LC3 and Beclin-1 expression. The expression 
of Bax protein which is regulated by apoptotic 

genes has been reported to increase the 
apoptosis of cells [20,21]. 
 
Caspases are the proteolytic enzymes which 
induce apoptosis by cleaving various proteins 
like PARP [22,23]. The PARP is involved in 
maintaining DNA integrity and repairing the DNA 
damage [22,23]. In the present study caspase-
3/8/9 and Bax expression was markedly higher in 
convulsion model of neurocyte cells compared to 
the normal neurocyte cells. The midazolam 
exposure of convulsion model of neurocyte cells 
suppressed the expression of caspase-3, 
caspase-8 and caspase-9and Bax markedly 
when compared to untreated neurocytes. To 
ascertain that midazolam promotes neurocyte 
cell proliferation in vitro and in vivo via activation 
of autophagy neurocyte cells were exposed to 
autophagy inhibitor, 3-MA. The data showed that 
3-MA alleviated effect of midazolam on 
proliferation, caspase-3, caspase-8 and caspase-
9 and Bax.  
 
CONCLUSION 
 
The study revealed for the first time that 
midazolam promotes neurocyte cell proliferation 
in vitro and in vivo in a rat model. Moreover, 
midazolam suppresses Bax and caspase-3, 
caspase-8 and caspase-9 expression in 
neurocyte cells and therefore may be useful for 
the treatment of convulsion. However, further 
studies, including clinical investigations to 
ascertain. 
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