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Background: The effects of electromagnetic pulse (EMP) radiation on cognitive impairment have 
attracted much attention, but the mechanism is still unclear. Regulation of brain-derived neurotrophic factor 
(BDNF) gene expression has been found to promote memory formation and neuronal survival. Isoflurane 
preconditioning (IP) was reported to have a neuroprotective effect. In this study, we verified the protective 
effect of IP against brain injury induced by EMP exposure and examined the relation of this effect with 
BDNF gene regulation. 
Methods: Twenty-four hours before EMP exposure, rats were pretreated with 2% inhaled isoflurane for  
30 minutes. At 24 hours after EMP injury, the Morris water maze test was carried out. Meanwhile, the 
other rats were executed and their brain tissues were used for Nissl staining, qRT-PCR, western blot and 
chromatin immunoprecipitation. 
Results: The Morris water maze results showed that 2% IP improved the spatial learning and memory 
ability of the rats. The Nissl staining results showed 2% of IP alleviated neuronal damage. Also, we detected 
the mRNA and protein expression of BDNF, and 2% IP significantly increased the expression of BDNF. 
We also found the expression level of histone deacetylase 2 (HDAC2) was increased and that EMP exposure 
significantly decreased H3 acetylation, while 2% IP reversed these phenomena, individually, BDNF 
transcription was activated, and neurogenesis after EMP exposure was alleviated. 
Conclusions: Our results suggested that 2% of IP alleviates cognitive impairment induced by EMP 
exposure in rats. Also, the sustained elevated level of BDNF gene transcription may be an essential 
mechanism for stimulating neurogenesis because of the increased level of HDAC2-dependent H3 
acetylation.
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Introduction

With technological development, electromagnetic radiation 
has gained increasing attention as a unique kind of pollution. 
Many studies on the biological effects of electromagnetic 
radiation have shown that electromagnetic radiation affects 
all systems of the body (1,2), including the central nervous 
system (CNS), gastrointestinal system, hematological 
system and reproductive system (3). The CNS is susceptible 
to electromagnetic pulse (EMP) radiation, which can 
cause learning and memory dysfunction (4). Earlier 
research found that a single 50 kV/m EMP can increase 
the expression of Aβ in the hippocampus, resulting in 
impairment of learning and memory abilities (5). However, 
the mechanism underlying this effect is not yet precise. 
Therefore, the determination of the biological effects and 
mechanisms of EMP-induced cognitive impairment and 
the identification of effective medical measures to protect 
against the effects of EMP exposure are critical issues for 
clinical medicine.

Epigenetic mechanisms regulate gene expression without 
altering the primary DNA sequence (6-8). It participates 
in synaptic plasticity, learning, and memory (9,10). Brain-
derived neurotrophic factor (BDNF) is the most abundant 
neurotrophic factor in the human body. It plays a vital role 
in neuronal development, synaptogenesis, learning, and 
memory (11,12). Epigenetic changes are significant for 
long-term memory storage; elimination of acetyl groups 
from lysines on histone tails can inhibit histone deacetylase 
(HDAC), enhance histone acetylation and increase the gene 
expression of c-Fos and BDNF, enhancing new memory 
formation (13,14). Other studies have shown Aβ activates 
microglia, triggers inflammatory responses, and further 
enhances the activity of HDAC2, resulting in changes in the 
epigenetic modification of BDNF and aggravating memory 
impairment (15,16).

Few effective drugs are available to protect against 
the CNS damage caused by EMP exposure. Inhaled 
anesthetics have drawn increasing attention because of 
their neuroprotective effects. Isoflurane is a universally 
used inhaled anesthetic in the clinic. Some research 
has found isoflurane preconditioning (IP) can enhance 
tolerance of ischemia and play a protective role (17-19). Sun 
found IP supplied neuroprotection by directly regulating 
TLR4 expression, alleviating microglial activation, and 
neuroinflammation (20). Li confirmed that 2% of IP 
improved short-term and long-term neurologic outcome 
scores after cerebral ischemia and reduced the number of 

apoptotic cells. It is hypothesized that these effects of IP 
may be related to the level of the antiapoptotic protein 
Bcl-2 (21). Deng found that inhaled sevoflurane regulates 
the expression of apoptosis-related proteins and reduces 
neuronal damage caused by EMP exposure (4). Although IP 
can alleviate brain injury and supply neuroprotection during 
cerebral ischemia, it is not clear whether isoflurane also 
protects against EMP-induced brain injury.

Therefore, this study investigated the effects of IP on 
EMP-induced brain damage. The mechanism for the 
effects of IP was hypothesized to be related to epigenetic 
modification of BDNF gene transcription. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1655).

Methods

Animals

The Ethics Review Committee approved this study of Air 
Force Military Medical University, Xi’an, Shaanxi, China. 
One hundred Specific pathogen-free adult (3-month-old)  
male  Sprague-Dawley  (SD)  r a t s  (mean  we igh t ,  
200±20 g) were provided by the experimental animal center 
of Air Force Military Medical University. These animals are 
placed in free access to sterile laboratory particles and water, 
specific pathogen-free environments, and they were fed 
without further contact with EMP. SD rats were randomly 
divided into four groups (six rats per group): the control 
group (CON group), the EMP radiation group (EMP 
group), the IP group, and the IP + EMP group. These rats 
received IP inhaled 2% isoflurane for 30 minutes before 
EMP exposure. The experimental program was carried out 
according to the guidelines for animal experiments of the 
Air Force Military Medical University (Xi’an, China).

EMP radiation model

The instrument used in this experiment was developed 
jointly by the Air Force Military Medical University 
and Southwestern University according to international 
standards. The parameters used in this experiment were 
400 kV/m, the repetition frequency was 1 Hz, the pulse 
width was 14 ns, the rising time was 3.5 ns, and the number 
of pulses was 400. EMP radiation exposure was conducted 
for 3 days. At 24 hours after EMP exposure, the rats were 
sacrificed, and brain sections were prepared for histology 

http://dx.doi.org/10.21037/apm-20-1655
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staining or Nissl staining.

IP

Rats that received IP were placed in a closed, circular 
Plexiglas box. The volatile anesthetic tank was connected 
to the inlet of the box, and the rats continuously inhaled 
2% isoflurane (batch number: H19980141, Hebei 9 Faction 
Pharmaceutical Co., Ltd.). The flow rate was 2 L/minutes;  
the outlet end was connected to the gas monitor, which 
continuously measured the gas concentration at the outlet 
side. A layer of soda lime (batch number: FA04-01, W. 
R. Grace S. A., USA) of suitable depth was placed at the 
bottom of the box to avoid inhalation of CO2. A disposable 
breathable napkin was used to isolate the rats from the 
soda-lime to prevent the ingestion or aspiration of soda-
lime dust particles. The anesthetic gas volatilization tank 
and oxygen flow meter were adjusted to support the 
concentration of isoflurane at the outlet of the gas port at 
2%, and the anesthetic was applied for 30 minutes. After 
this pretreatment and an interval of 24 hours, the model 
EMP injury was conducted on the rats.

Morris water maze test

At 24 hours after EMP injury, the Morris water maze 
test was used to detect the spatial learning and memory 
ability of the rats in each group. The test was performed 
in a 160-cm-diameter circular tank with a black inner 
wall. The tank was divided into four quadrants. In one 
quadrant (target quadrant), a circular black platform with 
a diameter of 12 cm was placed 40 cm from the wall and 
2 cm below the water surface. The ink was added to the 
water to hide the platform, and the water temperature was 
supported at 23±2 ℃. The entire experiment lasted 5 days, 
of which the navigation test lasted 4 days. Each animal 
was trained 4 times a day for 60 seconds per session, with  
30 minutes intervals between each pair of training sessions. 
We randomly selected one quadrant as the entry point. We 
placed each rat in the pool at the wall and recorded the time 
to find the platform under the surface of the water. If the 
animal did not find the platform in 60 seconds, the animal 
was introduced to the platform for 10 seconds, and the 
escape latency was recorded as 60 seconds. Then, the spatial 
exploration test was conducted on the final test day. After 
the positioning navigation test, the platform was removed, 
and each rat was allowed to swim in the maze for 60 seconds. 
The time spent in the target quadrant over 60 seconds  

was recorded as an index of spatial memory in rats.

Nissl staining

Twenty-four hours after EMP exposure, the rats were 
anesthetized deeply with 2% pentobarbital sodium 
(40 mg/kg). After cardiac perfusion with 4% (w/v) 
paraformaldehyde, the brain tissues of the hippocampal 
r e g i o n  w e r e  r e m o v e d  a n d  p l a c e d  i n  4 %  ( w / v ) 
paraformaldehyde. The tissues were dehydrated in ethanol, 
embedded in paraffin blocks and sectioned at 5 mm per 
slice. The sections were processed for Nissl staining (22). 
Briefly, the sections were incubated for 40 minutes in 
tolridine blue, rinsed with distilled water, naturally dried 
at room temperature, dehydrated with an alcohol gradient, 
cleared with xylene, and mounted with neutral resin. Nissl 
staining (Beyotime Institute of Biotechnology, China) was 
observed as Nissl bodies found in the cytoplasm of surviving 
neurons. The integrated optical density/area of the staining 
in each group was acquired by 2 blinded investigators using 
Image-Pro Plus 5.1 software (Media Cybernetics, Inc., 
Bethesda, MD).

Quantitative real-time PCR (qRT-PCR) 

To assess the influence of IP on BDNF gene expression in 
the hippocampal tissues after EMP, we used qRT-PCR. Total 
RNA was extracted from the hippocampus, and cDNA was 
synthesized using AMV reverse transcriptase at 42 ℃ for  
10 minutes, followed by incubation at 95 ℃ for 2 minutes. ABI 
SYBR Green PCR Master Mix and the ABI StepOnePlus Real-
Time PCR System (CA, USA) were used. The reagents were 
incubated at 95 ℃ for 2 minutes and then subjected to 45 cycles 
of 95 ℃ for 5 seconds and 60 ℃ for 10 seconds. The BDNF 
exon primers were 5'-TGAGCCGAGCTCATCTTTGC-3' 
(forward) and 5'-ATAGCGGGCGTTTCCTGAAG-3' 
( r e v e r s e ) .  T h e  p r i m e r s  f o r  G A P D H  w e r e 
5'-GGCAAGTTCAACGGCACAGT-3' (forward) and 5'- 
ATGACATACTCAGCACCGGC-3' (reverse). The relative 
quantity of real-time PCR products was analyzed using an ABI 
7900HT system.

Western blot analysis

Western blot was used to analyze the expression of HDAC2, 
BDNF, and acetylated histone H3 in the hippocampus, 
as described previously. In summary, rats were deeply 
anesthetized and decapitated, and their brains were 
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removed and quickly placed on ice. Total protein from each 
hippocampus was acquired using an extraction kit (Beyotime, 
Shanghai, China) on ice. The total protein concentration of 
hippocampal samples was quantified with a BCA kit (Sigma, 
CA, USA). The following primary antibodies were used at 
the specified dilutions: rabbit anti-BDNF (1:1,000, Abcam), 
rabbit anti-HDAC2 (1:2,000, Abcam), rabbit anti-acetylated 
histone H3 (1:5,000, Millipore), and mouse anti-GAPDH 
(1:5,000, Thermo). Secondary horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit, or anti-mouse antibody 
(1:5,000, Pierce Biotechnology, Inc.) was used. The signals 
were detected using an ECL kit (Pierce) according to the 
manufacturer’s instructions. The changes in relative protein 
expression are presented as the ratio of the integrated 
optical density of the target protein bands to the GAPDH 
protein band.

Chromatin immunoprecipitation (ChIP)

The brain of rats was fixed with 4% PFA solution and 
stored at 80 ℃ for ChIP. At room temperature, 1/10 
volumes of fresh 11% formaldehyde solution cross-linked 
chemically in the brain were homogenized and suspended 
for 15 minutes. The buffer cells were dissolved and cross-
linked by dissolution and shearing of DNA. In this paper, 
we use Misonix Sonicator 3000 to treat the samples with 
10× 30 seconds pulse (pulse interval 90 seconds) at 4 ℃ at 
a power of 7 and then soak the samples in an ice bath. The 
whole-cell extract was incubated at 4 ℃ with 10 μg antibody 
pre-incubated dynamic protein G beads for one night at 

4 ℃. Rinse with RIPA buffer washed 5 times and washed 
with TE containing 50 mm NaCl once. The binding 
complex was eluted from the beads by heating at 65 ℃ and 
occasionally by eddy current and cross-linking through 
nighttime culture at 65 ℃. Immunoprecipitation reaction 
DNA and DNA extracted from whole cells were purified by 
RNaseA therapy, protease K, and polyphenol: chloroform: 
isoamyl alcohol extract. The purified DNA samples were 
normalized and analyzed by PCR. Anti-HDAC2 (#12169) 
and anti-AcH3 (#06-599) were used to the pulling down. 
The restored chromatin fragment was subjected to real-
time PCR 32–40 cycles of 150–250 bp using primer pairs 
corresponding to specific mouse gene promoter regions.

Statistical analysis 

In our study, we used SPSS22.0 software (SPSS, Chicago, 
IL) to analyze statistical data. The results are expressed as 
the means ± standard error and were analyzed by one-way 
analysis of variance (ANOVA). P<0.05 was used to show a 
statistically significant difference.

Results

IP alleviated neuronal damage in rats after EMP exposure

Nissl staining showed neuronal injuries, including cell 
loss, cellular swelling, nuclear pyknosis, and karyorrhexis, 
after EMP exposure. IP reduced these neuronal injuries  
(Figure 1A). The density of normal neurons was significantly 
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Figure 1 Effect of IP on neuronal damage in rat hippocampal region after EMP irradiation. (A) Nissl staining of neuronal damage in rat 
hippocampal area in 24 hours after EMP irradiation (400×); (B) the density of surviving neurons in rat hippocampal area in 24 hours after 
EMP irradiation. The mean ± SEM represents the data. *, #, P<0.05. IP, isoflurane preconditioning; EMP, electromagnetic pulse.
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Figure 2 Effect of IP on neurobehavioral changes of EMP irradiated rats in the Morris water maze test. (A) The escape latency time in the 
Morris water maze test; (B) the activity time in the target quadrant in the Morris water maze test. *, #, P<0.05. IP, isoflurane preconditioning; 
EMP, electromagnetic pulse.

lower in the EMP group than in the CON group  
(Figure 1B, P<0.05), while the density of normal neurons in 
the IP and IP + EMP groups was significantly higher than 
that in the EMP group (Figure 1B, P<0.05).

IP improved spatial learning and memory ability in rats 
exposed to EMP radiation

Compared with the CON group, the latency of escape 
station was prolonged (Figure 2A, P<0.05) and the time 
of activity in the target quadrant was shortened in EMP 
group (Figure 2B, P<0.05); however, the escape latency was 
shorter (Figure 2A, P<0.05) and the activity time was longer 
in the target quadrant in the IP + EMP group than in the 
EMP group (Figure 2B, P<0.05). These results showed that 
EMP radiation impaired the learning and memory ability 
of rats, while 2% of IP alleviated this learning and memory 
impairment.

IP increased BDNF expression

After EMP injury, we evaluated BDNF gene regulation 
and analyzed total BDNF gene expression by qRT-PCR 
and Western blot. The results showed that BDNF mRNA 
expression was decreased in the EMP group compared with 
the CON group (one-way ANOVA) (Figure 3A, P<0.05). 
However, BDNF mRNA expression was higher in the IP 
+ EMP group than in the EMP group (Figure 3A, P<0.05). 
The Western blot results agreed with the qRT-PCR results, 
and verifying these findings (Figure 3B,C, P<0.05). Our 
results showed that EMP inhibited BDNF expression, while 
2% IP increased BDNF expression. This finding clarified 
that BDNF transcription is associated with the neuronal 

injury induced by EMP radiation and that 2% IP alleviated 
this damage.

IP alleviated reduced H3 acetylation after EMP through 
an HDAC2-related mechanism

Next, we verified whether changes in histone acetylation 
can lead to EMP-induced impairment of neurogenesis and 
whether IP can reverse this effect. After EMP, acetylated 
H3 levels were markedly lower in the EMP group than in 
the CON group (Figure 4A,B, P<0.05), whereas acetylated 
H3 levels were significantly higher in the IP and IP + EMP 
groups than in the EMP group (Figure 4A,B, P<0.05). We 
also detected HDAC2 expression in the hippocampus. 
HDAC2 expression was significantly higher in the EMP 
group than in the CON group (Figure 4C,D, P<0.05), while 
HDAC2 expression was lower in the IP and IP + EMP 
groups than in the EMP group (Figure 4C,D, P<0.05). 
These results showed that IP alleviated neural injury by 
decreasing H3 acetylation after EMP through an HDAC2-
related mechanism.

The transcription of the BDNF gene is modified by 
epigenetic modification by a series of initiators. ChIP assays 
with RT-PCR were used to detect the level of acetylated 
histone in the promoter region of BDNF. After EMP, there 
was a significant reduction of H3 acetylation in the exon 
VI of the BDNF promoter (Kruskal-Wallis test, Figure 5, 
P<0.05), which was consistent with the previously observed 
reduction of BDNF expression.

Discussion

In this research, the effects of EMP radiation on neuronal 
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expression; (B) representative western blot of BDNF at 24 hours after exposure to EMP radiation; (C) representative western blot of BDNF 
at 24 hours after exposure to EMP radiation. *, #, P<0.05. The data are normalized to GADPH. IP, isoflurane preconditioning; EMP, 
electromagnetic pulse; BDNF, brain-derived neurotrophic factor.

CON

CON

EMP

EMP

IP

IP

IP + EMP

IP + EMP

1.2

1.0

0.8

0.6

0.4

0.2

0.0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

CON

CON

EMP

EMP

IP

IP

IP + EMP

IP + EMP

AC-H3

GAPDH

AC-H3
GAPDH

HDAC2

GAPDH

HDAC2
GAPDH

15 kDa

35 kDa

55 kDa

35 kDa

A

C

B

D

Figure 4 Expression of total H3 acetylation and HDAC2 in hippocampus neurons exposed to EMP radiation. (A) Representative western 
blot of total H3 acetylation at 24 h after exposure to EMP radiation; (B) quantitative study on relative changes of total H3 acetylation 
expression; (C) representative western blot of HDAC2 acetylation at 24 h after exposure to EMP radiation; (D) quantitative study on relative 
changes of HDAC2 expression. *, #, P<0.05. Data are presented as the mean ± SEM. IP, isoflurane preconditioning; EMP, electromagnetic 
pulse; HDAC2, histone deacetylase 2.



3424 Tian et al. The effect of isoflurane on brain damage

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3418-3427 | http://dx.doi.org/10.21037/apm-20-1655

damage and cognitive impairment in rats were observed 
using EMP exposure of 400 kV/m, 400 pulses, and 1 Hz 
for 3 consecutive days. Pretreatment with 2% inhaled 
isoflurane reduced the neuronal damage and cognitive 
impairment caused by EMP exposure. Further mechanistic 
studies revealed that the levels of BDNF expression and 
H3 acetylation were downregulated and that the level of 
HDAC2 expression was increased after EMP exposure. 
However, 2% of IP reversed these phenomena. These 
results implied that 2% of IP has protective effects against 
neuronal damage and cognitive impairment induced by 
EMP radiation. The mechanism underlying the effect of 
IP may be related to epigenetic modification of the BDNF 
gene.

With the rapid development of modern communication, 
the intensity of electromagnetic fields (EMFs) in the 
environment is increasing, and their scope is expanding. 
This development increases the possibility of human 
exposure to EMFs and will have side effects on humans (23).  
EMP radiation is a special EMF. An EMP is a short, high-
voltage pulse characterized by spectral bandwidth ranging 
from 0 Hz to 1.5 GHz (24,25). The nervous system is one 
of the most sensitive target organs for EMP exposure, 
and EMP exposure can change the permeability of the 
blood-brain barrier (24,26), induce the activation of 
microglia in the brain (27), and even affect learning and 
memory ability in rats (4). In the present study, we studied 
hippocampal injury and neurocognitive impairment at  
24 hours after EMP exposure. We first revealed EMP 
caused morphological injury to hippocampal neurons, as 

proved by Nissl staining. After EMP exposure, the Nissl 
body size was smaller, and the number of Nissl bodies was 
reduced, reflecting pathological damage.

We observed learning and memory deficits after EMP 
exposure. In the present study, we found that EMP exposure 
caused hippocampal neuronal injury and neurocognitive 
impairment. These results agree with earlier experimental 
results.

Many proteins nourish and protect brain neurons. 
BDNF, one of the essential neurotrophic factors, can 
repair or regenerate central and peripheral nerves (28). 
Many studies have shown that downregulation of BDNF 
in different regions of the brain is closely related to the 
occurrence of various neuropsychiatric diseases (22) and that 
the concentration of BDNF in brain tissue of AD patients 
is significantly decreased (29,30). BNDF controls the 
plasticity of hippocampal neurons in adulthood, regulates 
the survival and integration of neonatal hippocampal 
neurons, and interferes with learning and memory (31). 
Studies have shown that the expression level of BDNF 
in serum is negatively correlated with memory function 
and visual acuity in AD patients (32). One study found 
that enhanced expression of BDNF improved memory 
formation and neuronal survival in neurological and 
psychiatric models (22). The results showed that the protein 
and mRNA expression of BDNF in the hippocampus of rats 
was significantly downregulated after EMP, suggesting that 
BDNF is related to the occurrence of neuropathies.

Epigenetic mechanisms, including DNA methylation, 
histone modifications, and noncoding RNA functions, are 
essential for the regulation of BDNF expression (33,34). 
Many studies have shown that in some nervous system 
diseases, transcription factors can significantly induce 
chromatin remodeling, potentially through epigenetic 
modifications of the BDNF gene promoter region and 
subsequent regulation of hippocampal synaptic development 
and cognitive function (35,36). Recent research has found 
that changes in the levels of acH3K9 and HDAC2 affect 
BDNF expression at both the transcript and protein  
levels (37). In our study, we verified that after EMP 
exposure, total H3 acetylation declined; however, the 
mRNA and protein expression of BDNF increased. We 
also found HDAC2 expression was increased and that 
BDNF levels were decreased after EMP exposure. Our 
experimental results agree with earlier research. Therefore, 
we confirmed that the level of acetylated H3 in BDNF 
promoter regions and the level of HDAC2 regulated the 
expression of BDNF. 
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Isoflurane is a common halogenated ether used as 
a volatile inhaled anesthetic in the clinic. It has the 
following characteristics, low blood gas distribution 
coefficient, low airway irritation, and low cost. The CNS 
has a wide distribution of isoflurane targets, including 
the cerebral cortex, diencephalon, brainstem, and spinal 
cord. Injury (e.g., cerebral ischemia-reperfusion injury, 
cerebral hypoxic injury, or subarachnoid hemorrhage) has 
satisfactory neuroprotective effects. Also, its neuroprotective 
mechanism in practice mainly involves antiapoptotic and 
anti-inflammatory activities (38-40). Many mechanisms 
are underlying the neuroprotective effects of IP. Yan  
et al. suggested that isoflurane pretreatment can attenuate 
injury via ischemic preconditioning by activating the 
expression of HIF-1α to up-regulate R/s6K of the Akt/
mT0R/s6K pathway (19). In Wang and Kong’s study, the 
neuroprotective effect of IP against spinal cord ischemia-
reperfusion injury was related to activation of TREK1 
expression (18). It was found that the neuroprotective effect 
of IP was related to the inhibitory effect of isoflurane on 
inducible nitric oxide synthase activity induced by ischemia 
and hypoxia (41). In our study, we used 2% isoflurane to 
pretreat the rats for 30 minutes before EMP exposure. We 
found 2% IP reduced neuronal injury, as proved by the 
increased volume of Nissl bodies, and the increased number 
of Nissl bodies, the reduction in pathological damage.

The cognitive ability of EMP-exposed rats was improved 
by 2% IP. Therefore, we inferred that the protective 
effect of IP against EMP exposure-induced damage might 
be related to the neuroprotective effect of isoflurane. 
We further studied the mechanism by which IP protects 
against EMP exposure-induced damage. We found 2% 
IP up-regulated the level of acetylated H3, decreased the 
expression of HDAC2, and increased the mRNA and 
protein expression of BDNF, thus reducing hippocampal 
neuronal injury. Therefore, we inferred that the effect of 2% 
IP in reducing the damage caused by EMP exposure might 
be related to epigenetic modification of the BDNF gene.

Our previous research results show that the IP can relieve 
inflammation reaction caused by EMP through TLR4/
NFκB signaling pathways (42). Inflammation can cause 
the epigenetic changes, thus increasing the expression of 
HDAC2, reduce the expression of BDNF, cause brain 
damage, and IP can reverse this phenomenon.

 There are some limitations in this study. Firstly, many 
other signaling pathways or genes may be involved in 
neuronal injury. It is not clear how these factors work and 
whether they interact with BDNF. Second, we observed the 

current study to assess neuronal injury, changes that may 
occur in epigenetic gene expression following EMP, and 
to detect associations between these two events. Hence, 
in our study, we established a brain injury model by EMP, 
and then used the model to instruction that epigenetic 
regulation of BDNF played a key role in the development of 
neuronal injury. Other studies need further validation of our 
conclusion, we plan to evaluate isoflurane post-processing 
effect on brain injury induced by EMP.

In summary, we found that EMP exposure can cause 
neuronal injury and cognitive damage in the hippocampus 
but that 2% IP can reduce neuronal injury and cognitive 
impairment induced by EMP exposure. The mechanism for 
the effect of IP may be related to the reduction of HDAC2 
expression, the regulation of BDNF gene transcription, and 
the enhancement of BDNF expression.
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