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Status epilepticus (SE) is the most extreme form of seizure. It is a medical and neurological emergency that re-
quires prompt and appropriate treatment and early neuroprotection. Dexmedetomidine (DEX) is mainly used
for its sedative, analgesic, anxiolytic, and neuroprotective effects with light respiratory depression. The pur-
pose of this study was to comprehensively analyze the metabolic events associated with anticonvulsion and
neuroprotection of DEX on pilocarpine-induced status epilepticus rats by LC-MS/MS-based on metabolomics
methods combined with histopathology.

In this research, rats were divided into 3 groups: a normal group, an SE group, and an SE+DEX group. Hippocampus
of rats from each group were collected for further LC-MS/MS-based metabolomic analysis. We collected brains
for HE staining and Nissl staining. Multivariate analysis and KEGG enrichment analysis were performed.
Results of metabolic profiles of the hippocampus tissues of rats proved that dexmedetomidine relieved rats
suffering from the status epilepticus by restoring the damaged neuromodulatory metabolism and neurotrans-
mitters, reducing the disturbance in energy, improving oxidative stress, and alleviating nucleic acid metabo-
lism and amino acid in pilocarpine-induced status epilepticus rats.

This integral metabolomics research provides an extremely effective method to access the therapeutic effects
of DEX. This research will further development of new treats for status epilepticus and provide new insights
into the anticonvulsive and neuroprotective effects of DEX on status epilepticus.
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Background

Status epilepticus (SE) is the most extreme form of seizure, with
abnormal discharge of brain neurons that can change behavior,
sensation, and consciousness. The adverse consequences of
epileptic seizure are generally neurological deficits, cognitive
disorder [1], hippocampal damage, high mortality, and brain
edema and ischemia [2]. Therefore, timely, appropriate treat-
ment and early neuroprotective measures are needed to ad-
dress this neurological emergency. Status epilepticus is as-
sociated in insufficient cerebral blood flow, excessive energy
consumption, glutamate-mediated excitotoxicity, and destruc-
tion of neurotransmitter and neuromodulator metabolism [3]. In
clinical practice, intravenous diazepam alone or together with
phenytoin, fosphenytoin, and propofol is the standard first-
line therapy [4]. In some cases, however, SE rapidly progresses
to the refractory stage with prolonged duration [5], and an in-
creased dosage of medication has been associated with ad-
verse effects such as dose-dependent respiratory suppression
and hemodynamic changes [6]. Given the high mortality rate
of patients with refractory SE, alternative treatments aimed
at different targets are needed to alleviate the pathophysio-
logical process.

Dexmedetomidine (DEX), a highly specific central o2-adreno-
ceptor agonist with minimal influence on respiration and he-
modynamics [7], has been used in clinical practice for sedation
and analgesia, as well as an anxiolytic. DEX can increase the
convulsive threshold in cocaine-injected rats [8] and dose-de-
pendently attenuates ropivacaine-induced seizures and negative
emotions [9]. In addition, DEX provides neuroprotection against
ischemic brain injury by anti-oxidative stress, anti-apoptosis,
and inhibiting calcium overload [10]. However, it remains un-
clear whether DEX is neuroprotective in SE, although DEX had
an anticonvulsive effect in a rat model of self-sustaining sta-
tus epilepticus [11]. The rat SE model induced by lithium-pilo
chloride is highly reproducible, with a relatively fixed onset
time and a long duration, similar to the human SE formation
process, and is one of the more ideal human SE models [12].

Metabolomics has been widely used in the identification of
endogenous metabolites. With the rapid expansion of analysis
instrument, there are several analytical approaches available
for the study of metabolomics, including liquid chromatogra-
phy/mass spectrometry (LC/MS), gas chromatography/mass
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spectrometry (GC/MS), and nuclear magnetic resonance (NMR).
In the present study, we first assessed the therapeutic effects
of DEX on pilo-induced status epilepticus by using an LC-MS-
based metabolomics method. Metabolic profiles were analyzed
by multivariate analysis techniques, such as clustering analysis,
OPLS-DA, and Volcana Plot. Analysis of significant different me-
tabolomics revealed that there are dramatic changes in vari-
ous small molecule metabolites in the mouse brain, including
stress-reactive oxygen species (ROS), disorders of neurotrans-
mitters and neuromodulators, and disturbances in metabolism
of energy substances, nucleic acids, and amino acids. KEGG en-
richment revealed the metabolic pathways involved in the an-
ticonvulsant and brain-protective effects of DEX. This research
provided clues for further in-depth SE research and therapy.

Material and Methods

Experimental design

Sprague-Dawley (SD) rats (20 days old, SPF, 40-50 g) were
randomly divided into 3 groups: a normal group, an SE group,
and an SE+DEX group (n=10). Diazepam was used in the ex-
perimental groups to stop convulsions, while rats in the nor-
mal group were treated with the same volume of normal sa-
line (NS). The rats in the SE+DEX group were intraperitoneally
injected with DEX (0.2 pg/g) at 60 min, 12 h, 24 h, and 48 h,
after SE induction was successfully established. The rats were
sacrificed by sodium pentobarbital at 72 h after SE induction,
for subsequent experiments. The hippocampal tissues were ob-
tained and rapidly cooled in liquid nitrogen after washing with
pre-cooled phosphate-buffered saline (PBS), and then stored
at —80°C. Collected samples were transported on dry ice to
Shanghai Applied Protein Technology for further metabolomics
investigation (Figure 1). Whole brains of rats from each group
(n=3) were collected and then fixed in 4% paraformaldehyde
and stored at 4°C for further staining. The rats that died or in
which SE was not successfully established during the experi-
ments were eliminated from the study and then newly-estab-
lished SE rats were added.

Status epilepticus rat model

All the rats used in this study were provided by Chongging
Medical University. All the experiments were performed in

Figure 1. Experimental design sketch of this
research. Status epilepticus model was
+ established using LiCl-Pilo induction,

Day 0
+1s—zoh *Lalentperiod +30min+ 30min + 12h +1Zh * 2uh + 2h
Licl  Pilocarpine SE  Atropine Diz Dex  Dex  Dex Sampling for
or metabolomics
Diz+Dex

and DEX delivery at 60 min, 12 h, 24 h
and 48 h after the onset of SE. LiCl,

lithium chloride; SE, status epilepticus;
Diz, diazepam; DEX, Dexmedetomidine.
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accordance with the Animal Ethics Committee of Chongging
Children’s Hospital, and all animal procedures were approved
by the Laboratory Animal Care Committee of Chongging Medical
University. All rats were housed in a controlled environment
(food and water were supplied ad libitum, 21+1°C, humidity
60%, 12-h light/dark cycle) [13]. First, the rats were injected in-
traperitoneally with lithium chloride (127 mg/kg, i.p., Solarbio,
Beijing, China). After 18 h, the rats were then intraperitoneally
injected with pilocarpine (pilo 30 mg/kg, Sigma) to induce SE.
To reduce peripheral effects, the rats were also given an intra-
peritoneal injection of atropine (1 mg/kg, Shuanghe, Beijing,
China) 30 min after SE induction. Diazepam (10 mg/kg, i.p.)
was used to stop convulsions at 60 min after SE induction. The
rats in the SE or SE+DEX groups that did not exhibit SE were
excluded from the study. Convulsions were classified based
on the Racine classification system [14]. Rats that had grade
IV or V convulsions that lasted for at least 60 min were de-
fined as having SE.

Hematoxylin and Eosin (HE) staining and Nissl staining

After dehydration in gradient alcohol, the fixed tissues were
treated with xylene and then embedded with paraffin. These
were sectioned into slices (4-pm) and then transferred into
a stove at 40°C overnight. Finally, slices were stained with he-
matoxylin for several minutes, dehydrated in 70% and 90% eth-
anol, and then stained with eosin for 2-3 min. For Nissl staining,
slices were stained with Nissl staining solution for 3-10 mins,
then washed with H,0 and 95% ethanol and then dried nat-
urally. Each section was examined under a light microscope.

LC-MS/MS analysis

Total ion current (TIC) and principal component analysis (PCA)
to quality control (QC) sample were used to evaluate the sta-
bility of the detection system. A QC sample, which was pre-
pared by mixing equal volumes of each sample, was used to
validate the method. For TIC, QC samples were loaded, and TIC
through UHPLC-Q-TOF MS was obtained, and data chromato-
graphic peaks and retention times were evaluated. For PCA, ion
peaks of metabolites from all samples and QC samples were
extracted using XCMS software and analyzed using Pareto
scaling methods. The system stability was evaluated and the
HILIC UHPLC-Q-TOF MS system was imbalanced by analyzing
a QC sample. The condition and procedures of LC-MS/MS were
explored and performed.

Data analysis and processing

The raw data were transferred into mzXML by ProteoWizard,
and data quality was controlled by XCMS. The structure of me-
tabolites was identified by precise mass matching (<25 ppm)
and secondary spectrum diagram matching to retrieve the
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self-built database. After filtering the data, mode identify was
analyzed using SIMCA-P 14.1 (Umetrics, Umea, Sweden) to per-
form OPLS-DA analysis. Significantly different metabolites were
identified based on the combination of a statistically signifi-
cant threshold of VIP (variable influence on projection) value
and a two-tailed t test. Data meeting VIP >1 and p<0.1 were
considered as significant. KEGG enrichment analysis was per-
formed using MetaboAnalyst (www.metaboanalyst.ca). The
volcano plot and clustering analysis were performed using R.

Results

Histopathologic characteristics

HE staining revealed compromised structural integrity of the
hippocampal CA1 regions in rats in the SE group. The cells ex-
hibited degeneration, liquefaction, and necrosis. Moreover, the
structure of granulosa cells was incomplete, and the arrange-
ment of the cells was sparse. However, SE rats treated with DEX
exhibited partly intact rat hippocampal CA1 regions (Figure 2A).

We used Nissl staining to investigate the morphology of the
rat hippocampal neurons in each group, as shown in Figure 2B.
We observed shrinkage and vacuolar cell bodies, as well as cy-
toplasmic dissolution and interstitial edema, in the hippocam-
pal neurons from SE rats. In contrast, we observed reduced
necrotic cells and interstitial edema, and improved morpholog-
ical structures in hippocampal tissues obtained from SE rats
treated with DEX (Figure 2B).

Identification of metabolites

As shown in Figure 3, total ion current chromatograms of me-
tabolites were detected using a solvent system. Accordingly, the
relative intensity and peaks under positive mode (Figure 3A)
and negative mode (Figure 3B) were different. Nevertheless,
we did not observe any obvious differences between QCs, sug-
gesting that variation remained in the optimal range.

Furthermore, the metabolomic data was analyzed by PCA
(Figure 4). PCA scatter plots showed a distinct segregation
of samples between Nor and SE or SE+DEX. However, a large
overlap was found between SE and SE+DEX, indicating a mi-
nor influence of DEX on metabolic status from SE.

OPLS-DA analysis, serviced as a supervised method for pat-
tern recognition, was performed on the data in the compar-
ison of SE vs. Nor, SE+DEX vs. SE, and SE+DEX vs. Nor. As
shown in Figure 5, groups positive for Nor, SE, and DEX were
separated in the OPLS-DA score plots (Figure 5A, 5C, 5E) with
a satisfactory goodness of fit (R2=0.997, Q2=0.86 (Figure 5B);
R2=0.923, Q2=0.699 (Figure 5D); R2=0.999, Q2=0.426 (Figure 5F)).
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Figure 2. (A, B) Histopathologic characteristics of the rat hippocampus CA1 (hippocampus) area. The changes in hippocampal
pathobiology were detected by HE staining and Nissl staining in rats, from the normal, SE, and SE+DEX groups.
Cells presented swelling and lack of Nissl-positive character compared with the Normal group, and histopathologic
characteristics recovered after DEX treatment in SE rats.
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For the metabolites detected under negative mode, score plots Q2=0.763 (Figure 6B); R2=0.873, Q2=0.594 (Figure 6D); R2=0.847,
for each comparison were also presented as separated clusters ~ Q2=0.164 (Figure 6F)).
(Figure 6A, 6C, 6E), along with optimal goodness of fit (R2=0.898,
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Figure 4. PCA analysis of metabolites by solvent system under positive (A) and negative (B) ion modes. Spots in green show samples
from the Normal group; spots in blue indicate samples from the SE+DEX group; Spots in red indicate samples from the

SE group.

Analysis of significantly different metabolites

The significantly different metabolites were obtained with VIP
>1 between groups. To organized and cluster the significantly
different metabolites, two-way hierarchical cluster analysis was
performed for comparisons between groups (Figure 7). Results
from Figure 7 indicate that the metabolites were highly differ-
entiated among the 3 comparisons.

To further refine the significantly different metabolites, stan-
dards of VIP >1 and p value <0.05 were used, and a set of re-
fined metabolites was obtained (Table 1, Figure 8). A total of
11 compounds (e.g., DHAP, F-1,6-BP, glutamate, AR, and GSSG)
were retained in Nor, SE, and SE+DEX groups. Of those 11 me-
tabolites, DHAP, F-1,6-BP, glutamate, AR, GSSG, and inosine
presented a higher level in SE compared to Nor (Figure 8).
Meanwhile, elevated levels of DHAP, F-1,6-BP, glutamate, AR,
and inosine were also detected in the SE+DEX group com-
pared with the Nor group. However, when compared with SE,
we found obvious suppression of DHAP, F-1,6-BP, glutamate,
AR, GSSG, and inosine in the SE+DEX group. Further, we found
lower levels of taurine, guanidino butyric acid, SOPC, hypoxan-
thine AR, and PC (16: 0/16: 0) in the SE group compared with
the Nor group, as well as lower levels in the SE+DEX group in
comparison with the SE group. We also found that glutamine
was higher in the SE group compared with the Nor group, but
no significant difference was found between the SE and SE+DEX
groups. However, NAAG was significantly lower in the SE+DEX
group compared with the SE group (Figure 8A).

We found that levels of ADP, R-5-P, Adenosine, F-6-P, GPC, G-6-P,
M-6-P, NANA, and G-1-P were higher in the SE group compared
with the Nor group. Meanwhile, ADP, R-5-P, Adenosine, F-6-P,
GPC, M-6-P, and G-1-P were also detected at higher levels in
the SE+DEX group compared to the Nor group. We found that

the fold change induced by SE was attenuated by DEX. DEX
also suppressed NANA to a normal level, as is shown in com-
parison of SE+DEX vs. Nor. A significant downregulation of
ARA was found in the SE group compared with the Nor group,
but the fold change induced by SE compared with Nor was
obviously reversed by DEX, showing a decrease of fold change
when compared with SE+DEX and Nor (Figure 8B).

Lactate and Alpha-D-Glucose were higher in the SE group
compared with the Nor group. IMP, AMP, and glyoxylate were
downregulated in the SE+DEX group, in contrast to the Nor
and SE groups. we found that DHA and NA6P decreased in
the SE group compared with the Nor group, but afterwards
it was elevated by DEX in the SE+DEX group but not in the
SE group. Choline histidine, acetylcholine, deoxycytidine, and
threonine were suppressed by DEX in SE rats in comparison
with SE (Figure 8C).

KEGG analysis

To reveal the underly mechanism of SE induced by pilocarpine
and ameliorated by DEX, we performed KEGG enrichment anal-
ysis. As mentioned above, pilocarpine administration can lead
a pathological alteration compared with normal animals. As
Figure 9 shows, several pathways are involved. Compared with
Nor, Purine metabolism, taurine and hypotaurine metabolism,
D-Glutamine and D-glutamate metabolism, GABAergic synapse,
long-term depression, FoxO signaling pathway, Fructose and
mannose metabolism, and central carbon metabolism in can-
cer | were enriched in the SE group (Figure 9A). Interestingly,
most of the pathways, like long-term depression, GABAergic
synapse, Glutathione metabolism, FoxO signaling pathway, and
central carbon metabolism in cancer, were also matched in the
comparison of SE+DEX vs. Nor or SE+DEX vs. SE (Figure 9B, 9C).
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Figure 5. OPLS-DA analysis of LC/MS data from SE vs. Nor (A, B), SE+DEX vs. Nor (C, D), and SE+DEX vs. SE (E, F) under positive mode.
Identified compounds could be separated well with optimal goodness of fit. A, C, E: OPLS-DA score plot. B, D, F: Validated

model plots obtained by permutation test.

Discussion

Status epilepticus (SE) is one of the most common neurological
emergencies in children. Traditionally, SE has been defined as
a single epileptic seizure lasting more than 30 min or recur-
rent seizures without regaining consciousness between sei-
zures for greater than 30 min [15]. Currently, the definition of
the duration tends to be shortened to 5 min, emphasizing the
importance of early treatment [15-18]. The latency of status
epilepticus induced by pilocarpine is generally short and often

accompanied by cognitive impairment and behavioral abnor-
malities. Therefore, the pilocarpine-induced SE model has been
widely accepted by researchers since it can mimic the clinical
characteristics of humans in studies of antiepileptic drugs [12].
In the present study, for the first time, dexmedetomidine was
used to interfere with a pilocarpine-induced SE model to in-
vestigate the anticonvulsant effect and brain-protection effect
of dexmedetomidine, a highly selective a2 receptor blocker,
on status epilepticus, characterized by an obvious pathologi-
cal change observed by HE and Nissl staining. This study has
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Figure 6. OPLS-DA analysis of LC/MS data from SE vs. Nor (A, B), SE+DEX vs. Nor (C, D), and SE+DEX vs. SE (E, F) under negative mode.
Identified compounds can be well-separated with optimal goodness of fit. A, C, E: OPLS-DA score plot. B, D, F: Validated

model plots obtained by permutation test.

important clinical significance and provides new ideas for sta-
tus epilepticus therapy. LC/MS-based metabolomics is an ef-
fective tool for the detection and identification of biomarkers
after stimulation of cells or organisms [19]. In this study, we
conducted sample preparation, QC examination, LC-MS/MS
mass spectrometry, data pretreatment (peak recognition, peak
alignment, peak matching), statistical analysis (PCA, PLS-DA,
OPLS-DA, t test), differential compound screening and identifi-
cation, and bioinformatics analysis to explore the therapeutic
effect of DEX on SE. In this study, obvious separation was found

between SE vs. Nor and SE+DEX vs. SE (Figures 3-5). However,
there was overlap between SE+DEX and Nor or SE+DEX and
SE, suggesting DEX might not completely reverse all the SE-
induced abnormalities. These observations provide important
insights into the novel role of DEX in SE therapy and clinical
instructions for further research.

Persistently discharge in neurons in SE can increase cerebral
metabolic rate, oxygen consumption, and glucose uptake [20],
as well as excess excitatory amino acids release [21,22], creating
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Figure 7. The clustering results of hierarchical cluster analysis based on the significantly different metabolites between groups under

positive and negative modes. (A, C, E) Show cluster results of SE vs. Nor, SE+DEX vs. Nor, and SE+DEX vs. SE, respectively,
under positive mode; (B, D, F) Show cluster results of SE vs. Nor, SE+DEX vs. Nor, and SE+DEX vs. SE, respectively, under
negative mode.
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Table 1. Identified significant different metabolites from different groups with the VIP and P value.

SE+DEX vs. Nor SE+DEX vs. SE

acid 2.37 0.72 acid 3.10 0.58 acid 1.76 0.80

soec 136 o0s8 *  soc 146 087 soPc 661 057
Hypoxanthine 1178 087 Hypoxanthine 690 117 *  Hypoxanthine 540 089 *
PCU60/16:0) 158 073 PC(16:0/16:0) 119 076  *  lysoPC(14:0) 139 078
A 2245 063 *  ARA 228 069 v
AP 11 173 AP 102 154  *  Ghowlate 196 074
RSP 170 251+ RSP 169 202+ NAeP 22 242
Adenosine 127 159 *  Adenosne 147 151  *  Threomate 292 070
FeP 236 245 FeP 331 214+ Choline 230 o718+
o 733 333 % GC 837 326 % Histidine 246 073+
GeP 203 1722+ Gep 133 249+ Acetylholine 213 077
e 278 242 mer 199 189 *  Deoyotidine 130 069 %
NANA 104 209 NANA 143 083
[T 276 217 c1p 148 147 e
Gltamine 390 115 NG 257 o084
Glucose 105 423 e 131 o0s8 M 210 063
lactate 157 135+ AW 109 075+ AW 150 o081
oHA 20 09t DHA 450 112
A 243 117+ Gyoxylte 218 o051 <

GSSG - glutathione disulfide; DHAP — dihydroxyacetone phosphate; ARA — arachidonic acid; DHA — docosahexaenoic acid;

ADP — adenosine 5’-diphosphate; IMP — inosine 5’-monophosphate; AMP — adenosine monophosphate; SOPC — 1-Stearoyl-2-oleoyl-sn-
glycerol 3-phosphocholine; F-1,6-BP - fructose 1,6-bisphosphate; NANA — N-acetylneuraminic acid; R-5-P — ribose 5-phosphate;

GPC - glycerophosphocholine; AR — allopurinol riboside; NAG6P — N-acetyl-D-glucosamine 6-phosphate; MA — malic acid; FC — fold
change; * P<0.05, ** p<0.01, *** p<0.001 vs. groups.

an imbalance with inhibitory neurotransmitters, and causing increased in the SE group compared with that in the normal
excitotoxicity [23], oxidative stress [24], calcium overload [25], group, while taurine, an inhibitory neurotransmitter [27], was
neuronal apoptosis [26], and other brain damage. In this significantly reduced, and the high energy metabolism and ox-
study, the excitatory amino acid glutamine, was significantly idative stress [28] markers, such as DHAP, F-1,6-BP, AR, GSSG,
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Figure 8. Significantly different metabolites between groups plotted with fold change plots based on p<0.05 and VIP >1. (A) Shows
metabolites with significant difference between SE and Nor. (B) Shows metabolites with significant difference between
SE+DEX and Nor. (C) Shows metabolites with significant difference between SE+DEX and SE.

inosine, ADP, R-5-P, Adenosine, F-6-P, GPC, G-6-P, M-6-P, NANA,
G-1-P, Lactate, Alpha-D-Glucose, and MA, were significantly
increased. Guanidinobutyric acid is a precursor of L-arginine,
which was significantly reduced in the model group and is as-
sociated with the synthesis of the NO in the brain [29]. The al-
teration of guanidino butyric acid observed in this study sug-
gests that SE causes brain damage by inhibiting the synthesis
of NO, similar to the findings of a previous study [30]. SOPC,
hypoxanthine [31], and PC (16: 0/16: 0) [32] are involved in the
synthesis of sphingolipids, and are also involved in cell growth,

differentiation, and apoptosis, which is important in ensuring
the integrity of cell membranes. In this study, there was a sig-
nificant decrease of these metabolites in the model group, sug-
gesting neuronal apoptosis or death in SE might be caused by
SOPC, hypoxanthine, and PC (16: 0/16: 0). ARA and DHA are
brain-protective substances that are indispensable for brain
and nerve development [33,34], and these 2 metabolins were
significantly reduced in the model group, suggesting cogni-
tive impairment in animals in the model group. These changes
were similar to the pathophysiological changes that occurred
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Figure 9. Enriched KEGG pathways based on significant different metabolites between SE and Nor (A), SE+DEX and Nor (B), and
SE+DEX and SE (C). Purine metabolism, Taurine and hypotaurine metabolism, D-glutamine and D-glutamate metabolism,
GABAergic synapse, and long-term depression were involved in rats with SE, and DEX can restore the symptoms through
those pathways.
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during status epilepticus, demonstrating the successful estab-
lishment of the model.

DEX has been proved to function on anti-oxidative stress and
inhibit glutamate release, resisting epilepsy, and protecting the
brain against SSSE [11]. In this study, our observation of DEX
delivery confirmed this. DEX-intervention can modulate the level
of glutamate, DHAP, F-1,6-BP, AR, GSSG, inosine, ADP, R-5-P,
adenosine, F-6-P, GPC, M-6-P, NANA, G-1-P, Guanidinobutyric
acid, hypoxanthine, PC (16: 0/16: 0), and ARA, suggesting that
after dexmedetomidine intervention, the high post-epilep-
tic metabolic rate, oxidative stress impairment, and neuronal
apoptosis were reduced in the model. In addition, changes in
excitatory amino acids caused by DEX may also be involved
in brain protection and antiepileptic mechanisms. Specifically,
the excitatory amino acids such as glutamate and NAAG in SE
animals with DEX were significantly lower than those in the
model group, and the inhibitory amino acid taurine was also
significantly reduced, which may be related to the decrease of
glutamate and thus blocked the synthesis of inhibitory amino
acids. DEX can increase DHA and NA6P to take part in post-ep-
ilepsy brain protection. It suggested that dexmedetomidine’s
effect of brain protection was mainly achieved by inhibiting
excitatory amino acids. Other indicators of high energy and
oxidative stress, such as DHAP, F-1,6-BP, AR, GSSG, and ino-
sine, were significantly reduced compared in the model group,
suggesting that DEX attenuated the metabolic rate and oxida-
tive stress injury in the model group.

KEGG is one of the most commonly used bioinformatics da-
tabases in the world. It is widely used for understanding ad-
vanced function, biological system genome sequencing, and
other high-throughput experimental techniques. The results of
KEGG enrichments in this study suggest that the pilocarpine-
induced epilepticus model led to pathophysiological processes
through D-Glutamine and D-glutamate metabolism, alanine,
aspartate, and glutamate metabolism, GABAergic synapse,
Glutamatergic synapse, and taurine and hypotaurine metab-
olism. Sustained epileptic discharge and neurotoxicity of ex-
citatory amino acids were related to the imbalance between
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Parkinson’s disease, chronic depression, and retrograde en-
docannabinoid signaling suggest that SE causes brain degen-
erative changes and changes in cognitive function [35,36].
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Conclusions

In this study, SE rats were established and subsequently man-
aged with diazepam and DEX. The pathological features of
these rats were significantly relieved after treatment with DEX.
Our metabolomics approach revealed several compounds —
glutamate, GSSG, taurine, and SOPC — involved with balance
of excitatory amino acids and regulation of metabolic rate,
and these results show the function of DEX in epileptic rats.
Observations from the KEGG analysis suggest that DEX plays
arole in brain protection and antioxidant stress in the pilo-in-
duced SE model. Future work needs to focus on further char-
acterizing the functions of these metabolites to help develop
more effective targets for SE therapy.
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