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Objective. To explore the mechanism of edaravone in the treatment of oxidative stress in rats with cerebral infarction based on
quantitative proteomics technology.Method. &e modified Zea Longa intracavitary suture blocking method was utilized to make
rat CI model. After modeling, the rat was intragastrically given edaravone for 7 days, once a day. After the 7-day intervention, the
total proteins of serum were extracted. After proteomics analysis, the differentially expressed proteins are analyzed by bio-
informatics. &en chemoinformatics methods were used to explore the biomolecular network of edaravone intervention in CI.
Result. &e neurological scores and pathological changes of rats were improved after the intervention of edaravone. Proteomics
analysis showed that in the model/sham operation group, 90 proteins in comparison group were upregulated, and 26 proteins
were downregulated. In the edaravone/model group, 21 proteins were upregulated, and 41 proteins were downregulated.
Bioinformatics analysis and chemoinformatics analysis also show that edaravone is related to platelet activation and aggregation,
oxidative stress, intercellular adhesion, glycolysis and gluconeogenesis, iron metabolism, hypoxia, inflammatory chemokines,
their mediated signal transduction, and so on. Conclusion. &e therapeutic mechanism of edaravone in the treatment of CI may
involve platelet activation and aggregation, oxidative stress, intercellular adhesion, glycolysis and gluconeogenesis, iron
metabolism, hypoxia, and so on.&is study revealed the serum protein profile of edaravone in the treatment of cerebral infarction
rats through serum TMTproteomics and discovered the relevant mechanism of edaravone regulating iron metabolism in cerebral
infarction, which provides new ideas for the study of edaravone intervention in cerebral infarction and also provides reference
information for future research on the mechanism of edaravone intervention in iron metabolism-related diseases.

1. Introduction

Stroke is the second most common cause of death in the
world, and it is also the main cause of adult disability [1]. As
the American Heart Association and the National Institute of
Neurological Diseases and Stroke reported, about 795,000
Americans suffer from ischemic stroke (such as cerebral
infarction, CI) each year, and 220,000 die from ischemic
stroke each year [2, 3]. &e “China Cardiovascular Disease
Report 2018” compiled by the National Center for Cardio-
vascular Diseases showed that the prevalence of

cardiovascular disease in China is on the rise. It is estimated
that there are 290 million people suffering from cardiovas-
cular disease, of which 13 million have stroke and 11 million
have coronary heart disease [4]. According to the China
Stroke Prevention Report (2015), about 15% of people over 40
years old are high-risk groups. From 2011 to 2013, the
comprehensive standardized prevalence rate of ischemic
stroke was about 2%, and the prevalence rate increased by
8.1% [5]. According to data from the World Bank, by 2030,
China will have 31.77 million patients with ischemic stroke,
which will cost US$40 billion each year [6]. Current research
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showed that oxidative stress plays an important role in the
pathological process of ischemic brain injury. After cerebral
ischemia, the production of superoxide anions, hydrogen
peroxide, hydroxyl free radicals and peroxynitrite anions
increases due to factors such as excitotoxicity, inflammatory
response, and hypoxic environment inhibiting cell respira-
tion, especially during reperfusion [7–9]. Hydroxyl free
radicals and peroxynitrite anions can promote protein ni-
trification and oxidation, lipid peroxidation, mitochondrial
and DNA damage, inflammatory activation, cell necrosis, and
apoptosis, which can cause brain damage [10, 11].

As a scavenger of oxidative stress, edaravone is widely
used in China and other Asian countries, but it has not been
approved for use in Western countries [12]. A systematic
review involving 49 animal experiments showed that the
functional and cognitive prognosis of edaravone in an animal
model of focal cerebral ischemia increased by 30.3% and
25.5%, respectively [13]. A systematic review published by
Yang et al. included 18 randomized controlled trials involving
1802 patients, and the results showed that edaravone can
significantly reduce the mortality or long-term disability rate
of acute ischemic stroke (AIS) [14]. Both of these systematic
reviews support the effectiveness of edaravone for acute is-
chemic stroke. Although the current research shows that
edaravone can mainly improve the oxidative stress in CI [15],
there is no systematic research on the mechanism of edar-
avone in the treatment of ischemic brain injury such as
proteomics and chemoinformatics. In particular, with the
rapid development and rapid iteration of current proteomics
technology, the large amount of data obtained from pro-
teomics detection and analysis represents all the processes and
changes that occur in the cell [16, 17]. &erefore, in this
research, proteomics and bioinformatics analysis strategies
would be utilized to observe the changes of related indicators
after edaravone in the treatment of CI and further explore the
mechanism of edaravone to protect ischemic brain injury.

2. Material and Methods

2.1. Experimental Materials. SPF-grade male SD rats,
weighing 200∼230 g, were provided by Laboratory Animal
Technology Co., Ltd., and the certificate number is SCXK:
(Xiang) 2017–0012 (edaravone injection, article number,
company batch number 1511001Y). RIPA lysate was ob-
tained from&ermo Inc.; iodoacetamide was obtained from
IAM, Sigma Aldrich; trypsin was obtained from Promega;
ammonium bicarbonate was obtained from Sigma Aldrich
Inc.; SOD, MDA, and GSH-px kits were obtained from
Shanghai Enzyme Linked Biotechnology Co., Ltd.; rat
angiotensinogen (AGT) ELISA kit (E-EL-M0013c) was
purchased from Elabscience Inc. &e Catalase (CAT) kit was
purchased from Nanjing Jiancheng Biotechnology Research
Institute. Protein quantification kit, Exactive Plus mass
spectrometer, EASY-n LC 1000 liquid analyzer, C18 ana-
lytical column, EASY-Spray Column, AcclaimPep Map 100
were obtained from &ermo Inc. Nano Vue UV-Visible
Spectrophotometer was obtained from GE Healthcare. Laser
Doppler flow meter was obtained from Mo or VMS-LDF,
Moor Instruments, Aminster, Devon, UK.

2.2. Experimental Methods

2.2.1. Animal Grouping and Intervention. &irty male
healthy SD rats were randomly divided into 3 groups by
random number table method: sham operation group (CN
group), CI model group (CI group), and edaravone group
(CE group), 10 rats in each group. &e rats in the model
administration group were given edaravone by gavage
with a dose of 3.5 g/kg. &e sham operation group and the
model group were given distilled water by gavage with a
volume of 10mL/kg. &e drug was administered once a
day at 14 : 00 for 7 consecutive days. All animals’ care and
experimental procedures were approved by the Animal
Ethics Committee of Hunan University of Chinese
Medicine and were in accordance with the National In-
stitute of Health’s Guide for the Care and Use of Labo-
ratory Animals.

2.2.2. Animal Modeling. After drug administration,
according to the method of Longa et al. [18], the right
middle cerebral artery occlusion (MCAO) model of rats
was prepared by the suture method. First, the rats were
anesthetized by intraperitoneal injection of 1% sodium
pentobarbital (50 mg/kg), and then the right common
carotid artery was carefully separated. &en, a 5–0 suture
was used to insert a blunt nylon thread from the right
external carotid artery of the rat. &e thread enters the
intracranial segment of the internal carotid artery from
the side of the external carotid artery through the bi-
furcation of the common carotid artery and the extra-
cranial segment of the internal carotid artery and reaches
the branch of the middle cerebral artery for circular li-
gation. During the model preparation process of rats in
the sham operation group, except that the nylon thread
did not block the middle cerebral artery, the other op-
erations were the same as those in the model group and
edaravone group. After the rats were awake, the neuro-
logical function was scored according to Longa’s 5-point
system.

Zero points meant no neurological deficits. One point
meant mild loss of nerve function: limited extension of the
left forelimb, flexion when the tail is lifted. Two points
meant moderate neurological deficit: rotating to the
paralyzed side (left side) when crawling. &ree points
meant severe neurological deficit: falling into the para-
lyzed side (left side) while crawling. Four points meant
difficulty in crawling and performance of decreased
consciousness. Rats with a score of 1 to 3 were included in
the experiment.

2.2.3. Immunofluorescence Staining. After BrdU was dis-
solved in normal saline, the dose was determined at 100mg/
kg/d, and intraperitoneal injection was performed. &e
sections of brain tissue were immersed in 3% H2O2
deionized water for 10min, washed with PBS for 5min× 3
times, and immersed in 2mol/L HCl at 37°C for 15min.
&en, the sections were washed with PBS for 5min× 3 times;
5% goat serum was blocked at room temperature for 30min,
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and the liquid was aspirated. After that, BrdU monoclonal
antibody (1 :100) of 10 μL was added and incubated in 37°C
water bath. Rhodamine (light emission wavelength 570 ∼
590 nm, red light) staining was performed, 37°C water bath
for 30min. Finally, the slices were packaged with glycerin
and observed with an OLYMPUS BX51 fluorescence mi-
croscope by the corresponding color filters at 520 and
580 nm, respectively. Rhodamine is red.

2.3. Protein Sample Processing

2.3.1. Serum Protein and Brain Tissue Protein Extraction.
After the rats were anesthetized with 1% pentobarbital so-
dium, blood was taken from the abdominal aorta, and the
preserum was left standing. &e rats were then sacrificed by
cervical dislocation under anesthesia. &en, the brain tissue
was taken out and washed with physiological saline, the
brain tissue was put in the EP tube, RIPA lysis solution was
added, and the brain tissue was cut into pieces with oph-
thalmological scissors and put it in a glass homogenizer for
homogenization. &e brain tissue homogenate was placed in
a centrifuge at 4°C and centrifuged at 13,000 r/min for 30
minutes, and the precipitate was discarded. &e upper liquid
was the whole brain tissue protein.

2.3.2. Enzymatic Hydrolysis of Protein. &e protein sample
was added with TCEP with a final concentration of 5mmol/L,
37°C water bath for 30 minutes, and allowed to cool in room
temperature. IAA with a final concentration of 10mmol/L
was added and kept in a 37°C dark water bath for 30minutes.
&e enzyme solution was added to a water bath at a ratio of
protein content to trypsin solution of 25 :1 at 37°C overnight.
On the second day, formic acid was added to the digested
protein sample, and 0.1% was added to terminate the di-
gestion reaction. &e digested product was transferred to a 10
kDa ultrafiltration tube and centrifuged at 4°C at 10,000 r/
min for 30min. &e protein in the lower layer of the ultra-
filtration tube can be directly analyzed by mass spectrometry.

2.3.3. TMT Labeling and High-Performance Liquid Chro-
matography (HPLC) Classification. &e protein extract was
used to remove the high-abundance proteins, and the BCA
kit was used to determine the protein concentration. 20 μg of
the eluate was taken for SDS-PAGE electrophoresis to detect
the removal of high-abundance proteins. Trypsin enzy-
matically hydrolyze peptides with Strata X C18 (Phenom-
enex) desalting and freeze-drying in vacuum. &e peptide
was dissolved with 0.5M TEAB, and the peptide was labeled
according to the TMT kit operating instructions. &e
peptides were fractionated by high pH reverse HPLC, and
the column was Agilent 300Extend C18.

2.3.4. LC-LTQ-MS/MS Analysis and Mass Spectrum Data
Retrieval. In mass spectrometry analysis, the peptides were
separated using the EASY-nLC 1000 ultra-high performance
liquid system, and the &ermo ScientificTM Q ExactiveTM
Plus was simultaneously used for detection and analysis. &e

peptides are separated and ionized and then enter the Q
ExactiveTM Plus mass spectrometer for analysis. Peptide
precursor ions and their secondary fragments are detected
and analyzed by Orbitrap. &e secondary mass spectrum
data is retrieved by Maxquant (v1.5.2.8), and the mass
spectrum quality control is performed at the same time.

2.4. Bioinformatics and Chemical Informatics Analysis.
All the proteins retrieved from the database are analyzed,
and the proteins whose expression changes are more than
1.3 times (fold change greater than 1.5 for upregulation and
less than 0.67 for downregulation) are selected as differential
proteins. Pubchem (https://pubchem.ncbi.nlm.nih.gov/)
was used to retrieve the molecular structure of edaravone
and saved as the “sdf” structure. &en, it was imported into
Pharmmapper (http://lilab-ecust.cn/pharmmapper/) for
potential target prediction [19]. &e GeneCards database
(https://www.genecards.org/) [20] and OMIM (https://
omim.org/) [21] were used to retrieve genes related to CI
and establish disease gene data sets.

&e UniProt database is used to correct the names of
differential proteins and official gene symbols (Table S1, see
supplementary materials). David Ver 6.8 was used for gene
ontology (GO) annotation analysis and functional clustering
analysis of differential proteins, edaravone potential, and CI
genes [22].&e online tool STRING (http://www.string-db.org)
was used for protein interaction analysis of differential proteins
[23].

2.5. Detection of Oxidative Stress Indicators in Brain Tissue.
After the brain tissue was homogenized with physiological
saline, the contents of SOD, MDA, GSH, and NO were
determined according to the instructions of the kit.

2.6.DetectionofSerumAGTandCATbyELISA. &e serum of
each group of rats was collected, placed in an anticoagulation
tube, shaken, centrifuged (3000 r/min) for 15min, and the
upper serum was collected. Serum AGTand CAT levels were
detected by ELISA according to the instructions of the kit.
Firstly, the AGT and CATmonoclonal antibodies are coated
on the ELISA plate, and the standards and samples are added
to make the AGT and CAT bound to the corresponding
monoclonal antibodies. Biotinylated anti-rat AGT and CAT
antibodies are added to form an immune complex and
connect to the plate. &en, streptavidin labeled with horse-
radish peroxidase is combined with biotin, the enzyme
substrate OPD is added, and after the yellow color appears,
the stop solution sulfuric acid is added.&e sample is detected
by the microplate reader at a wavelength of 450 nm in ac-
cordance with the ELISA kit procedure. After the blank hole is
zeroed, read the optical density (OD) value of each hole.

2.7. Statistical Analysis. &e measurement data were
expressed as mean± standard deviation (SD). &e neuro-
logical function score (mNSS score) of the rats was analyzed
by one-way analysis of variance using SPSS software 19.0.
P< 0.05 was considered to be statistically significant.
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3. Results

3.1. Neurological Score and Pathological Changes. &e neu-
rological function score of each model group was in the
range of 1–3 points, which can indicate to a certain extent
that the model is successful. &e neurological function
scores of the CN group and the CE group were lower than
those of the CI group, indicating that the neurological
function after drug intervention was better than the ce-
rebral infarction model without drug intervention and to a
certain extent that the drug has an intervention effect on CI
(Table 1).

Under immunofluorescence, the BrdU signals
appeared in the edaravone group, and it was considered
that there were newborn nerve cells. &e number of
positive signals in the edaravone group was higher than
that in the model group, indicating that the number of
newborn nerve cells increased after drug treatment
(Figure 1).

3.2. Proteomics Analysis Results

3.2.1. Differential Expressed Protein. A total of 1,340 pro-
teins were identified in this study, of which 1,138 proteins
contained quantitative information. With 1.3 times as the
change threshold and t-test P value<0.05 as the standard,
then among the quantified proteins, the expression of 90
proteins in the CI/CN comparison group was upregulated,
and the expression of 26 proteins was downregulated
(Table 2). In the CE/CI comparison group, the expression
of 21 proteins was upregulated, and the expression of 41
proteins was downregulated (Table 3). &e difference fold
value change more than 1.5 times was regarded as a sig-
nificant increase, and less than 0.77 was regarded as a
significant decrease. &ere are overlapping proteins be-
tween CE/CI group and CI/CN group (Figure 2).&ey were
considered to be the adjustable targets of edaravone after
CI. &e expression matrix of these proteins is shown in
Figure 3.

3.2.2. Proteomics Findings Validated by ELISA.
Compared with sham operation group, the AGTand CAT in
model group were increased (P< 0.05). Compared with
model group, the AGT and CAT in edaravone group were
decreased (P< 0.05). &is is consistent with the findings of
proteomics (Figure 4).

3.2.3. Bioinformatics Analysis. One hundred and fifty-three
(153) differentially expressed proteins were introduced into
String to construct PPI network (Figure 5) and subjected to
enrichment analysis. &e enrichment results show that these
153 differentially expressed proteins are related to 12 sig-
naling pathways, 84 biological processes, 41 cell compo-
nents, and 29 molecular functions. &eir fold enrichment, P

value and count of each signaling pathway, biological
process, cell component, and molecular function are shown
in Figure 6. &e biological processes is mainly related to
response to muscle filament sliding, platelet degranulation,

muscle contraction, cellular oxidant detoxification, prote-
olysis, negative regulation of endopeptidase activity, re-
sponse to drug, response to zinc ion, response to ethanol,
protein refolding, retina homeostasis, response to unfolded
protein, cell-cell adhesion, cardiac muscle contraction, re-
sponse to hydrogen peroxide, skeletal muscle contraction,
canonical glycolysis, defense response to fungus, response to
selenium ion, and so on. &e cell component is related to
extracellular exosome, extracellular space, extracellular re-
gion, cytosol, extracellular matrix, blood microparticle, focal
adhesion, muscle myosin complex, membrane, sarcomere,
melanosome, stress fiber, platelet alpha granule lumen, actin
filament, cell-cell adherens junction, myosin filament, Z disc,
basement membrane, and so on. &e molecular function is
related to structural constituent of muscle, glycoprotein
binding, identical protein binding, antioxidant activity,
calcium ion binding, serine-type endopeptidase activity,
actin binding, cadherin binding involved in cell-cell adhe-
sion, MHC class II protein complex binding, protein
binding, poly(A) RNA binding, unfolded protein binding,
virion binding, endopeptidase inhibitor activity, actin fila-
ment binding, cytoskeletal protein binding, serine-type
endopeptidase inhibitor activity, and so on. &e signaling
pathway is mainly related to metabolic pathways, biosyn-
thesis of amino acids, glycolysis/gluconeogenesis, arginine
biosynthesis, carbon metabolism, and so on (Figure 6).&eir
details were shown in Table S2.

3.3. Chemoinformatics Analysis Results

3.3.1. Edaravone-CI PPI Network. Edaravone target and CI
gene were introduced into String to construct edaravone-CI
PPI network. &is network is composed of 141 nodes and
1324 edges. &e average node degree is 18.8, and the average
local clustering coefficient is 0.526 (Figure 7).

3.3.2. Enrichment Analysis Results. &e Edaravone target
and CI gene were input into David for enrichment analysis
and returns 14 CI-related signaling pathways, 63 biological
processes, 21 cell components, and 21 molecular function.
&eir P value, fold enrichment and count of each signaling
pathway, biological process, cell component, and molecular
function are shown in Figure 8. &e biological process is
related to blood coagulation, platelet activation, proteolysis,
platelet degranulation, fibrinolysis, response to hypoxia, and
so on. &e cell component is related to extracellular space,
extracellular region, platelet alpha granule lumen, cell sur-
face, extracellular matrix, extracellular exosome, and so on.
&e molecular function is related to serine-type endopep-
tidase activity, protease binding, protein binding, heparin
binding, glycoprotein binding, receptor binding, and so on.

Table 1: Neurological score.

Group Score (X± S) P value
CN 0 —
CI 2.813± 0.403 —
CE 2.067± 0.799 0.0012
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(a) (b) (c)

Figure 1: Pathological changes (400X). (a) Sham operation group. (b) Model group. (c) Edaravone group.

Table 2: Differential expressed protein of CI/CN group.

Protein description Gene name CI/CN ratio Regulated type
Endoplasmin Hsp90b1 1.395 Up
4-Trimethylaminobutyraldehyde dehydrogenase Aldh9a1 1.67 Up
Betaine-homocysteine S-methyltransferase 1 Bhmt 4.005 Up
Creatine kinase M-type Ckm 2.532 Up
Calpastatin Cast 1.368 Up
Pyruvate kinase Pkm 1.667 Up
Protein IGHM IGHM 0.707 Down
COP9 signalosome complex subunit 1 Gps1 1.65 Up
Transgelin Tagln 1.605 Up
Insulin-like growth factor I Igf1 0.632 Down
Protein P4ha2 P4ha2 1.457 Up
Polyadenylate-binding protein 1 Pabpc1 1.544 Up
“6-Phosphofructo-2-kinase/fructose-2,6-bisphosphatase 1” Pfkfb1 1.723 Up
Protein F5 F5 0.692 Down
Protein Myh1 Myh1 2.155 Up
Protein Ugp2 Ugp2 1.635 Up
Protein LOC103691744 LOC103691744 4.174 Up
Protein Myom1 Myom1 1.745 Up
Protein RGD1564614 RGD1564614 0.711 Down
Protein LOC299282 Serpina3n 1.632 Up
Protein S100-A9 S100a9 1.873 Up
Haptoglobin Hp 1.9 Up
Filamin-C Flnc 1.991 Up
“Ubiquilin 1, isoform CRA_a” Ubqln1 1.658 Up
Myl9 protein Myl9 1.792 Up
Filamin alpha Flna 1.81 Up
Matrix metalloproteinase 19 Mmp19 0.724 Down
Glycerol kinase Gk 2.08 Up
Protein papln Papln 0.734 Down
Calponin Cnn2 0.714 Down
Protein aldh8a1 Aldh8a1 1.784 Up
Neutrophilic granule protein (predicted) Ngp 1.729 Up
Protein col14a1 Col14a1 2.295 Up
Protein Atp6v1a Atp6v1a 1.341 Up
Protein LOC100362751 LOC498555 2.379 Up
Leukocyte cell-derived chemotaxin 2 (predicted) Lect2 0.739 Down
Protein Rsu1 Rsu1 0.675 Down
“Fructose-1,6-bisphosphatase 1” Fbp1 1.709 Up
Heat shock 70 kDa protein 4 Hspa4 1.526 Up
Protein Myh1 Myh1 1.987 Up
S-adenosylmethionine synthase Mat1a 1.787 Up
Protein Igkv8-27 Igkv8-27 0.536 Down
Protein Lama2 Lama2 1.429 Up
Protein Rrbp1 Rrbp1 2.254 Up
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Table 2: Continued.

Protein description Gene name CI/CN ratio Regulated type
Protein Lamc1 Lamc1 2.232 Up
“Nitrilase 1, isoform CRA_a” Nit1 1.789 Up
Protein Myh1 Myh2 2.763 Up
Myomesin 2 Myom2 2.09 Up
“ATPase, H+ transporting, V1 subunit E isoform 1, isoform CRA_a” Atp6v1e1 1.351 Up
Lamin-B1 Lmnb1 2.227 Up
“Prolactin induced protein, isoform CRA_d” Pip 2.152 Up
Myosin-7 Myh7 2.873 Up
“Lamin A, isoform CRA_b” Lmna 2.146 Up
Integrin alpha M Itgam 1.393 Up
“RCG39455, isoform CRA_a” Tsku 0.602 Down
Acylamino-acid-releasing enzyme Apeh 0.65 Down
ATP-citrate synthase Acly 1.686 Up
Protein Sec24d Sec24d 1.551 Up
“Protein S (alpha), isoform CRA_b” Pros1 0.679 Down
40S ribosomal protein S6 Rps6 0.535 Down
Ras-related protein Rab-11B Rab11b 1.566 Up
Bifunctional purine biosynthesis protein PURH Atic 1.777 Up
Ribonuclease 4 Rnase4 0.762 Down
Anionic trypsin 1 Prss1 4.631 Up
Angiotensinogen Agt 1.777 Up
“Myosin light chain 1/3, skeletal muscle isoform” Myl1 2.052 Up
“Myosin regulatory light chain 2, skeletal muscle isoform” Mylpf 2.39 Up
Tropomyosin alpha-1 chain Tpm1 2.41 Up
Catalase Cat 1.669 Up
Protein disulfide-isomerase P4hb 1.408 Up
Fructose-bisphosphate aldolase A Aldoa 1.927 Up
Elongation factor 2 Eef2 1.652 Up
Delta-aminolevulinic acid dehydratase Alad 1.858 Up
Alcohol dehydrogenase 1 Adh1 2.348 Up
“Carbamoyl-phosphate synthase [ammonia], mitochondrial” Cps1 4.184 Up
Tropomyosin alpha-4 chain Tpm4 0.647 Down
“Glycogen phosphorylase, liver form” Pygl 1.704 Up
Adenosylhomocysteinase Ahcy 1.729 Up
Galectin-1 Lgals1 0.599 Down
Serotransferrin Tf 1.471 Up
cAMP-dependent protein kinase type II-beta regulatory subunit Prkar2b 0.506 Down
Insulin-like growth factor-binding protein 2 Igfbp2 0.661 Down
“Phospholipase A2, membrane associated” Pla2g2a 0.562 Down
Phosphoglycerate kinase 1 Pgk1 1.581 Up
60S acidic ribosomal protein P0 Rplp0 2.136 Up
Insulin-like growth factor-binding protein 1 Igfbp1 0.56 Down
Cytosolic 10-formyltetrahydrofolate dehydrogenase Aldh1l1 1.968 Up
Protein S100-A8 S100a8 1.535 Up
Ficolin-2 Fcn2 1.54 Up
Tropomyosin beta chain Tpm2 3.257 Up
14-3-3 protein epsilon Ywhae 1.607 Up
Heat shock cognate 71 kDa protein Hspa8 2.161 Up
“60 kDa heat shock protein, mitochondrial” Hspd1 1.749 Up
“Actin, alpha cardiac muscle 1” Actc1 1.579 Up
“Actin, alpha skeletal muscle” Acta1 3.221 Up
Heat shock protein HSP 90-alpha Hsp90aa1 1.606 Up
Pleckstrin Plek 0.638 Down
Interleukin-1 receptor-associated kinase-like 2 Irak2 0.447 Down
Argininosuccinate lyase Asl 1.607 Up
Aspartyl aminopeptidase Dnpep 1.473 Up
Tubulin alpha-4A chain Tuba4a 0.683 Down
Ras-related protein Rap-1b Rap1b 0.691 Down
Secreted phosphoprotein 24 Spp2 0.521 Down
Nucleobindin-1 Nucb1 1.625 Up
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Table 3: Differential expressed protein of CE/CI group.

Protein description Gene name CE/CI ratio Regulated type
4-Trimethylaminobutyraldehyde dehydrogenase Aldh9a1 0.739 Down
Betaine-homocysteine S-methyltransferase 1 Bhmt 0.42 Down
Creatine kinase M-type Ckm 0.637 Down
Galectin Lgals3 1.564 Up
&yroglobulin Tg 2.708 Up
“6-Phosphofructo-2-kinase/fructose-2,6-bisphosphatase 1” Pfkfb1 0.62 Down
Complement factor I Cfi 0.574 Down
Protein TNC TNC 1.606 Up
Peptidyl-prolyl cis-trans isomerase Ppia 0.729 Down
Protein F11 F11 1.337 Up
Protein LOC103691744 LOC103691744 0.204 Down
Protein RGD1310507 RGD1310507 0.697 Down
Histidine-rich glycoprotein Hrg 5.24 Up
Coagulation factor XII F12 0.669 Down
LOC683667 protein Sri 1.321 Up
Glycerol kinase Gk 0.537 Down
Protein Fat4 Fat4 1.45 Up
Carboxylic ester hydrolase Ces1c 0.421 Down
RCG21066 rCG_21066 0.686 Down
Protein IGHM IGHM 1.411 Up
“Sushi, Von Willebrand factor type A, EGF and pentraxin domain-containing protein 1” Svep1 1.454 Up
“Procollagen, type XVIII, alpha 1, isoform CRA_a” Col18a1 1.499 Up
Serine protease inhibitor A3M Serpina3m 0.616 Down
“Fructose-1,6-bisphosphatase 1” Fbp1 0.602 Down
Serine protease hepsin Hpn 1.413 Up
S-adenosylmethionine synthase Mat1a 0.521 Down
“Troponin I, fast skeletal muscle” Tnni2 0.722 Down
“Fibulin 2, isoform CRA_a” Fbln2 1.354 Up
Apolipoprotein C-II (predicted) Apoc2 2.066 Up
Heat shock 27 kDa protein 1 Hspb1 1.671 Up
“Protein S (alpha), isoform CRA_b” Pros1 1.448 Up
Protein LOC691828 LOC691828 0.718 Down
Glutathione peroxidase Gpx1 0.399 Down
40S ribosomal protein S6 Rps6 2.075 Up
Peroxiredoxin-6 Prdx6 0.582 Down
Lysozyme C-1 Lyz1 0.675 Down
Anionic trypsin 1 Prss1 0.272 Down
Angiotensinogen Agt 0.687 Down
Serum albumin Alb 0.67 Down
Catalase Cat 0.658 Down

Table 2: Continued.

Protein description Gene name CI/CN ratio Regulated type
Receptor-type tyrosine-protein phosphatase F Ptprf 1.443 Up
COP9 signalosome complex subunit 4 Cops4 1.441 Up
COP9 signalosome complex subunit 3 Cops3 1.787 Up
Group specific component Gc 2.016 Up
Carboxypeptidase Ctsa 1.415 Up
Phenylalanine hydroxylase Pah 2.261 Up
Nucleotide exchange factor SIL1 Sil1 1.666 Up
Desmin Des 2.285 Up
Alpha-2 antiplasmin Serpinf1 1.488 Up
Aflatoxin B1 aldehyde reductase member 2 Akr7a2 1.647 Up
“Tropomyosin 1, alpha, isoform CRA_a” Tpm1 3.376 Up
Hepcidin Hamp 1.643 Up
Guanine deaminase Gda 1.566 Up
Peroxiredoxin-4 Prdx4 1.601 Up
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&e signaling pathway is related to complement and co-
agulation cascades, platelet activation, TNF signaling
pathway, insulin resistance, HIF-1 signaling pathway, FoxO
signaling pathway, and so on (Figure 8). &eir details were
shown in Table S3.

3.4. Expression of Differentially Expressed Proteins in Brain
Tissue. &e expression of DEPs in each organ in each
comparison group was analyzed, and the obtained DEPs
were analyzed by Expression Atlas. After the tissue speci-
ficity is set to “brain,” the protein with the number 10 in
descending order or the protein with number ≧10 is
matched. &e brain tissue specificity of these proteins is
ranked according to their expression strength in brain tissue
and other tissues, and the detailed information is listed in
Tables 4 and 5.

Different proteins with upregulated expression and high
brain specificity in the CI/CE comparison group are ca-
thepsin D, LOC683667 protein, galectin-1, C-reactive pro-
tein, and 40S ribosomal protein S6.

Different proteins with downregulated expression and
high brain specificity in the CI/CN comparison group are
cystatin-C, serotransferrin, peptidyl-prolyl cis-trans isom-
erase, beta-2-microglobulin, carbonic anhydrase2, angio-
tensinogen, peroxiredoxin-6, glutathione peroxidase, 4-
trimethylaminobutyraldehyde dehydrogenase, and catalase.

3.5. Oxidative Stress Indicators in Brain Tissue. Compared
with the sham operation group, the MDA content of the
model group was significantly increased, while the SOD and
GSH content were significantly decreased (P< 0.05), indi-
cating that the model was successful. Compared with the
model group, the MDA content of the edaravone admin-
istration group significantly decreased, and the SOD and
GSH content significantly increased (P< 0.05), indicating
that edaravone can improve the brain SOD, MDA, and GSH
content of rats (Figure 9).

4. Discussion

CI is a cerebrovascular disease characterized by brain blood
supply disorder, local avascular necrosis, or softening of
brain tissue caused by ischemia and hypoxia. Among them,
neuronal programmed death (apoptosis, autophagy, iron
death, scorch death, etc.) and necrosis exist simultaneously.
&e main pathological mechanisms include energy ex-
haustion, excitotoxicity, oxidative stress, endoplasmic re-
ticulum dysfunction, and a large amount of immune cell
infiltration and aggregation. Various cytokines are involved
in a series of “cascade-like” cascade events, such as

Table 3: Continued.

Protein description Gene name CE/CI ratio Regulated type
Alcohol dehydrogenase 1 Adh1 0.442 Down
Beta-2-microglobulin B2m 0.656 Down
“Carbamoyl-phosphate synthase [ammonia], mitochondrial” Cps1 0.297 Down
Galectin-1 Lgals1 1.658 Up
Cysteine-rich secretory protein 1 Crisp1 0.439 Down
Serotransferrin Tf 0.471 Down
Cystatin-C Cst3 0.625 Down
Carbonic anhydrase 2 Ca2 0.533 Down
Cytosolic 10-formyltetrahydrofolate dehydrogenase Aldh1l1 0.599 Down
C-reactive protein Crp 1.454 Up
Cadherin-17 Cdh17 1.512 Up
Ficolin-2 Fcn2 0.724 Down
Interleukin-1 receptor-associated kinase-like 2 Irak2 0.556 Down
Argininosuccinate lyase Asl 0.707 Down
Apolipoprotein H Apoh 0.644 Down
Protein Serpina4 Serpina4 0.727 Down
Protein Hbb-b1 LOC103694855 0.507 Down
Secreted phosphoprotein 24 Spp2 1.849 Up
BPI fold-containing family a member 2 Bpifa2 0.46 Down
Phenylalanine hydroxylase Pah 0.491 Down
Cathepsin D Ctsd 1.466 Up
Alpha-2 antiplasmin Serpinf1 0.713 Down

91 25 37

CI/CN group

CE/CI group

Figure 2: Venn diagram of CE/CI group and CI/CN group.
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neuroinflammation in the infarct area, which ultimately
leads to the death of nerve cells. &e damage caused by free
radicals induced by oxidative stress is considered to be an
important pathological basis for brain neuron damage in the
onset of stroke. &e chain reaction of free radicals causes
excessive oxidation of cell membrane lipids and nuclear
proteins and damages the structure and function of

mitochondria, resulting in insufficient cell energy produc-
tion, leading to cell death or apoptosis. &erefore, anti-
oxidative stress response and scavenging excess free radicals
may be important strategies for early CI to protect neurons
and reduce damage.

Edaravone, as a free radical scavenger, has the effects of
antioxidative stress and inhibiting lipid peroxidation.
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Figure 6: Continued.
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Figure 6: Continued.
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Studies have confirmed that edaravone can protect body
tissues by inhibiting the activity of cyclooxygenase (COX,
including COX-1, and COX-2). COX-2 is mainly expressed
in hippocampal tissue and cortical neurons and can mediate
neuronal damage. COX-2 is a key enzyme and rate-limiting
enzyme produced by prostaglandin E2 (PGE2) metabolism,
and it can also promote the production of nitric oxide (NO),
while PGE2 and NO can participate in various pathological
processes, such as inflammation, oxidative stress, and ap-
optosis. Current clinical and basic research shows that
edaravone, which has an antioxidant effect, may become a
new type of drug for the treatment of CI. &is study
established the CI rat model and used serum proteomics to
determine the serummarkers for edaravone to interfere with
CI. 153 differentially expressed proteins include Rps6, Spp2,
Lgals1, Pros1, Aldh9a1, Fcn2, Serpinf1, Asl, Agt, Cat, Ckm,
Pfkfb1, Fbp1, Aldh1l1, Irak2, Gk, Mat1a, Pah, Tf, Adh1,
Bhmt, Cps1, Prss1, LOC103691744, Tpm1, and Myh1. Re-
cent studies have shown that ribosomal protein S6 (rpS6),
extracellular signal-regulated mitogen-activated protein
(MAP) kinase p44/42 (p44/42MAPK), and ribosomal pro-
tein S6 kinase (S6K) are significantly reduced in the brains of
hibernating squirrels and rats. &erefore, we believe that the
downregulation of rpS6 signal transduction may be an
important reason for the increased cell tolerance to cerebral
ischemia observed during hibernation numbness and after
ischemic preconditioning, by inhibiting protein synthesis
and/or energy expenditure [24]. Qu et al. showed that
galectin-1 (Gal-1) can regulate the proliferation of a variety
of cells and play an important role after nervous system
injury. Galectin-1 can reduce astrocyte damage and improve
the recovery of rats with focal cerebral ischemia [25]. Ish-
ibashi S. et al. also found that galectin-1 regulates neuro-
genesis in the subventricular zone and promotes functional
recovery after stroke [26]. Agt is the gene encoding
angiotensinogen, and current studies have shown that its
polymorphism is closely related to stroke, especially cerebral
small vessel disease [27–29]. Current research shows that

Catalase (CAT) has important physiological functions in
oxidative stress. CAT can quickly remove the toxic sub-
stances produced by cell metabolism, so as to protect
sulfhydrylase and membrane protein and detoxify together
with glutathione peroxidase (GSHPx). It plays an important
protective role against cerebral ischemia in CI patients
[30, 31]. Aldh1l1 is mainly related to the proliferation of
astrocytes after CI [32]. Interleukin-1 receptor-associated
kinases (IRAKs) are mainly related to inflammation and cell
apoptosis after cerebral ischemia and reperfusion [33].

&e enrichment analysis of these 153 differentially
expressed proteins involved a total of 12 signal pathways, 84
biological processes, 41 cell components, and 29 molecular
functions. &e biological process is mainly in platelet acti-
vation and aggregation (GO:0002576∼platelet degranula-
tion, GO:0070527∼platelet aggregation), oxidative stress
(GO:0098869∼cellular oxidant detoxification; GO:
0006986∼response to unfolded protein; GO:
0042542∼response to hydrogen peroxide; GO:
0000302∼response to reactive oxygen species; GO:
0090201∼negative regulation of release of cytochrome c
from mitochondria; GO:0042744∼hydrogen peroxide cata-
bolic process; GO:0045454∼cell redox homeostasis), inter-
cellular adhesion (GO:0098609∼cell-cell adhesion),
glycolysis and gluconeogenesis (GO:0061621∼canonical
glycolysis; GO:0006094∼gluconeogenesis), iron metabolism
(GO:0033572∼transferrin transport; GO:0071281∼cellular
response to iron ion), hypoxia (GO:0001666∼response to
hypoxia), inflammatory chemokines and their mediated
signal transduction (GO:0050729∼positive regulation of
inflammatory response; GO:0051092∼positive regulation of
NF-kappaB transcription factor activity; GO:
0032602∼chemokine production) reaction, coagulation
(GO:0030194∼positive regulation of blood coagulation; GO:
0007597∼blood coagulation, intrinsic pathway), apoptosis
(GO:0043066∼negative regulation of apoptotic process; GO:
1902175∼ regulation of oxidative stress-induced intrinsic
apoptotic signaling pathway), fibrinolysis system (GO:

(f)

Figure 6: &e results of enrichment analysis (a: biological processes; b: cell components; c molecular function; d signaling pathways; X-axis
stands for fold enrichment. e and f Cluego analysis).
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0042730∼fibrinolysis; GO:0051919∼positive regulation of
fibrinolysis); angiogenesis (GO:0016525∼negative regulation
of angiogenesis) endoplasmic reticulum stress (GO:
0034976∼response to endoplasmic reticulum stress), and
energy metabolism (GO:0046034∼ATP metabolic process;
GO:0045040∼protein import into mitochondrial outer
membrane). &ese biological modules play an important
role in the acute pathological process of cerebral infarction.

&e molecular functions also focused on oxidative stress
(GO:0016209∼antioxidant activity; GO:0004029∼aldehyde
dehydrogenase (NAD) activity; GO:
0016620∼oxidoreductase activity, acting on the aldehyde or
oxo group of donors, NAD or NADP as acceptor), calcium
ion binding (GO:0005509∼calcium ion binding; GO:
0098641∼cadherin binding involved in cell-cell adhesion),
energy metabolism (GO:0005524∼ATP binding),

Figure 7: Edaravone-CI PPI network.
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Figure 8: Continued.

Evidence-Based Complementary and Alternative Medicine 15



protein binding

collagen binding

metallopeptidase activity

endopeptidase activity

protease binding

drug binding

steroid hormone receptor activity

beta−amyloid binding

glycoprotein binding

protein homodimerization activity

identical protein binding

calcium ion binding

RNA polymerase II transcription factor activity, ligand−
activated sequence−specific DNA binding

protein serine/threonine kinase activity

enzyme binding

receptor binding

arylesterase activity

heparin binding

phospholipid binding

metalloendopeptidase activity

serine−type endopeptidase activity

0 20 40 60

Count

25

50

75

100

5.0

7.5

10.0

negLog10_PValue

(c)

Complement and coagulation cascades

PI3K−Akt signaling pathway

cAMP signaling pathway

Neurotrophin signaling pathway

Sphingolipid signaling pathway

FoxO signaling pathway

Estrogen signaling pathway

VEGF signaling pathway

HIF−1 signaling pathway

Adipocytokine signaling pathway

Platelet activation

Insulin resistance

TNF signaling pathway

NOD−like receptor signaling pathway

5 10 15

4

8

12

16
negLog10_PValue

Count

5.0

7.5

10.0

12.5

15.0

17.5

(d)

Figure 8: Continued.

16 Evidence-Based Complementary and Alternative Medicine



ation of cell-cell adhesiononn o -celatiatregulareegr lala

storagetonegative regulation of lipid sof lgativve re ulation oof lippofof off f d stot

response totoerespe ttnsre
bacteriumb teriacter

transmembrane receptor proteinmb t tsm rotettransmembrane receptor protein ninitran ein ein i

nine kinase signalingsignserine/threonine ki/thrin reonine kinas

pathway

Renin secretionion

HIF-1 signaling pathwayhwaig al ayF- yayalial g pa

n of nitric oxideo oxidoxideoxidf nitofooff nf nn nitricitn ofooofffn xixxxnf nnf tricricitric oxxoxxtr xidexiidideooooon eeen nn n on idxixixxixoxxxixioxxx eeeeepositive regulatiouregutitivpp gulauregegpoppp itivv ree ae re alal ooggggugguluulullllallvevev ationononoo

c processoceocesprc pprprprocececessocooccccprprpprprpprroorororoc pc esssescccmetaboltmetabet bobololtatataetm abbbbbb lilililetetee ababbabaabbbbb liliciciciccic

negative regulation of neuron deathnative ulguul iooongativgative n egativ ulaulregulation of neuron deathng tiooonn vevv of nof 

endothelial cell apoptotic processcessaia po ic ssceesessndooth oticticendothdo liaiaal cethelial celliaal a esssssssssssssc procthothhenden optotic processic cecestiic proc

cellular response to mechanicale tsp

stimulusulust

ntnntnttvelopmepmeelo mepmeelolopevemesenchyme demechy e mmeesenchyme demehy e mmme nchyhchh evev enene

negative regulation ative regulagateg veeaative reeeegativiaegaa ivivne rer n 
of developmentallevo vvdofo evev ntaldevvvdf evel nta

cesscecessesse sssssss

cardiac muscle tissue developmente tca

defense response to bacteriumenseefen ium

low-densityyns tysityy
lipoprotein particllpa icl

remodelingng

lipid storaged s rage

regulation of lipid storageoragionn o li id s aged std s

response tos otoe tponss
woundingingoun

r proteineiane receptor pe ptptoepepttransmembranmbrane tor pr

pathwaypp wappnaling pathgg pgngng tyrosine kinase signsne tyro ay ng pathwppgg ppgnal way wahhw

response to acido 
chemicall

Pathways in cancernath y erthth

thwaywang patnghemokine signalinhemoChemhhehCh liningChemhem athCheh

cellular response to angiotensinrespo o ar re e iotennncel ar e too angiotea otennsinnsnnell r rerer

regulation of neuron deathre

blood coagulation, fibrin clotrin cloag fibd c gulatio ottoo gugug n n ototototn, fi nnininnnnagugugugcoabb od od loloobbblo d cod c

formationmationfoff matmatf tiiffff

cellular response to metal ion

heart growthhe

regulation of DNA-binding of DNAf of Natio -binDDNA-bNNNDDD otiontio bib

transcription factor activity tio oon ctrans tivitacc actotofaaptiptinsc ctivity viacac

gland developmentopmglan

iogenesisgeogiogenesisgeogregulation of angin oulatire gnnggigangngnggegre ggggiogiggggggggg issss

plasma lipoprotein particlepla p otein paneinpo arti

remodelingmo el ggem

cell-substrate adhesionsu ate dhe-susu adubsb

calcium-mediated
signaling

lipid localizationalizationpid l aliid d iziz ionipidid localilalllipipid ldddliplill pllilipiililipl

response to water 
deprivation

Viral protein interaction with cytokine

and cytokine receptor

egative regulation of epithelial cellat at pithv tio ellllgati lial ceppn ofve v cecellion of epepithelith lin oregulae r llllegatatga pithpif epeeppep theitipititithitppiegativatat vvegativatga ivvgative regulatat vativev regulataeggg

apoptotic processpt roco esototia cesssc procero esesapoptotic ptooap tic prooptoptootopoptoptoootipoptoptotoo ocessessapopa

regulation of cellular response to regulatioregu

oxidative stress

e to inorganic gantocellular response to ionce tularlar resul nse to inoto

substancebs ce

regulation of astrocyte differentiationnof fferereg rentianula on iontionon nnulula

of integrin f intpositive regulation ofof inf i eg

biosynthetic process ocesss

meostasisosteoso sasiostasstos isssimeostaostosm sisasischolesterol homest hch h mhhterool holelehoollchch omhohommommmmm

protein-lipid complex remodelinglip linx prot d remodelexexmn-lipid ip cod cpid compled m

negative regulation of defense egative rativtiv gu

responsesponser

regulation of vasoconstrictionn o ionf vaassossat oconstrictioasoaassoss onnnnlation of vn ofat

positive regulation of glucose glucucoglucoreg on

transmembrane transportttnsm e t

hexose transmembrane transporthe

enzyme linkednkme llnzymen linleee edenzzn inknn
receptor proteinrecrecepto teiptop prere or teptptpp eineittceccecepcece r proteiep teteprotpprorrr pppp

signaling pasign ing gnag pnangnn ppng ngalininlilinlsignsi nnalnnn lllilllingnngninninng gggg ayyyy

regulation of cell growthell gceoneg l grl g owrown o wthgrrogrogrowthhhhhhh

Estrogen signaling pathwrogen sigen signas ppE sissisi lil ppang ataataapag pathwaying pathwaypll ppatpapapa

regulation of epithelial cell apoptoticon ion of on f re atioi ptoticthregul elll apofoof of itt elia cee poptototrerere apop

processocessroroprrr

positive regulation egosit gu atioon ve egguguguuulaguulguuguuulitit latittivositsiit egggggggivtitttiv  onioioiouuuuuuuuuuuuve re uluuuuuuuu
of hemostasisem tastasisahememmmmommmomof mostf heehee stataemmmmmmmm saaamomo asaaaaaa

cellular response to c on

lipopolysaccharideipo ar

maternal process involved in female emalenval prmatern cesmatat

pregnancynceg

axon extensiontexon

evve
procropropp

f dd

negative regulation of celleg ellcelllree tion

differentiationre oniffe nti

cle cl

protein-containing complex ot nin oinn coco

remodelingngde

regulation of defense responseonsegu nsofregueg

regulation of steroid metabolicbof s metaion d m oliboliidd licd metetalation on of stef regu tion oontiorereg

processprocescess

veveelsregulation of hormone lee lemonon le leleleo neoneion oro evevevevhoooon on lssvevvvvevevevvevvvelelsss

carbohydrate transportcar

cell-matrix adhesiondhtr onrix rl- dhdhc

platelet degranulationplat deelelet dede

epithelial cell apoptotic processprocethe al cell apo essal cell apoptol apo tic procececeithitheheli roroproal cell elcece ptottiptotic tptptptopopoppptotptptpt rocessp sssspp

m developmentenm developmentenev op entnntm d loploppmpopmr systememmmcardiovascular sulcarc diov tem emmemar sy

cellular response to molecule of on leolole

bacterial originte ingigin

response to lipoprotein particleoppoliliplippoproteinopesponse t ein pare to lipopppoliipi nn

regulation of secretionetiogu secretioetiregug

positive regulation of smooth muscleoth m

cell proliferationratio

response to drugponspo

carbohydrate transmembraneranebraneemdra brane

transportt

regeneration

regulation of lipidr n f l dpididdf lipnnregulatio ii
metabolic prom prc propabolic proprcmetabolic prm prc r

positive regulation of cell-substrate ulation of cell substratof c lree re re ratetveee n ll-lulal on eateteteteof f ubstrbf cell-sf cellffn on on fp g ell-sublll-ell-sucell

adhesiondheeshehe nadh

apoptotic mitochondrial changesria sgehoapop ic changal chrialiadriaririaiachch ial ciaal changhachhohhhhitochhchhhonhohhh

response to oxidative stresssponse tressidxidaidonse to oxidative stressresidxiid

esissismesenchyme morphogenenc enm gem e hoggmochyc mmese orphmesenchyme mcchycse es

se toe tocellular responselar r r nse 
timulusibiotic stststiti

tasisissississterol homeostaosmmste ol metst mmmertststetettetetterol hoole stasass

regulation of smooth muscle cell cleoon of smo th muscle cell cle

proliferationrationproliferoliferationra on

lation of nitric oxide biosyntheticof eticf nf xi ccoxx deatio nitric oxioxlati n o ric ic he

processsssspr

odontogenesison

positive regulation of heterotypic o ypf he typicypegul otyyphetn regreg iogu ap e rr onntive rererrerrtivetiv ofo teteosi lala

cell-cell adhesiones oncell- dh acel ce adll-l-lcecce he nnccc

stress-activatedacct tedssss iv-activact vstresssssse a-s-stressstress-sssssssssrere ssssess-acaaastressssssssssssssee acacstressstre sssssee ss-s-
protein kinaseote n ototoroop inrottro

ascadesignaling cascadegn ngnagngngn saling cangg cascadesggnggn cascadeg cascadesg

regulation of cell-substrate adhesionsisiosibstraof cel hees

extrinsic apoptotic signaling pathway ins pang ppaptosic ap na ayathwating papapaticc soo hwainin ng pg p ay ayhwg g png ggggotot lnalg wawawawawae alaalallililinnnnnnngnriiri c apocxtrr inininiinnn

matory responsery reyy seonrerey ryyy sponsseinflammflanflfl mmmm

maternal placenta developmentmater ta evelcenl pla

tionionlomavirus infectiocus eecomomavirus infectcus eecom  iiHuman papillon pan apuman pn pan papap llopillopillololopppilpip lilppappaHHHuHu loooloooomlolooml ctionctio

negative regulation of extrinsicnsicio extnegnegative regu

apoptotic signaling pathway al hwaotic signalingaling pathway waapopto

regulation of neuroinflammatory euatioulatattionio f neueeuroeu matorymatory

responsespr nsee

renal system developmentstem developm

neuron deathn eathneun ththneuron ne thh

cardiac muscle tissue growthac m e groususcuscardia

positive regulation of chemotaxispositi io xiso axotaxiaxiat emnpositio gu f chemememesiti e re tioniot nivi chemotaxiiaxtaamemmmeggreggeggueguguregg n of n

smooth muscle cell proliferationferiff rere

regulation of integrin biosyntheticof syn

processp

odontogenesis of dentin-containing 

tooth

ll llllregulation of heterotypic cell-cet icero icictioeg hef heete otyof hf otttytyegeg ellllroer l elell

adhesionessiadhaa hdhedhh non

mammary gland developmentmammam

positive regulation of macrophagephagerophlatatie reg

derived foam cell differentiationonamm rive

regulation of cell sizeof izeon ofof cell zere ionon

chemotaxisc motaxichch xisxacchch xisxitataxmomoh saxaxhcccchchchh momotaotattotataxisisaxxisisx

endopeptidase activitydop ityidasep p yy

regulation of extrinsic apoptotic optotic tion f eregu ati n of extrinsic apof etiotioio ic aic 

signaling pathway signaling pathway alals thth

retion by cecellellllelceelleregulation of secretion by cellon byioio bbbbreation celeon ceeregu sec y ccceation of secretion by cellon bioo cbbbbet ellen n eleeleecr ccecece

neuroinflammatory responsenseonsenseat sp

negative regulation of protein ulation

serine/threonine kinase activity ase ac

response to fatty acidciddidfa

eptidase activitydasdasaon of endopepf en opregulatiore pepon

ation of chemotaxisation axisttiotio ataiononn he axataemo chhof ooon on xisisotaxtataaxiaon of chemhemchh motmoregulgulegregugugguluregregeguulalal

anatomical structure formationurttoto tra caa aat rmrur

involved in morphogenesismovvovo inednvvv hogn n

integrin biosynthetic procession b

taxista isxiixiisxii

positive regulation 
of epithelial cell
differentiation

drug metabolic processssprorugug metd ta

regulation of macrophage derivedge derph

foam cell differentiation onen

exocytosis

steroid hormone receptor activityonehormonssteroid horms r actctivityeptotor re activvityivityd d ne r acar acptpto

negative regulation of apoptotic ulat of apof f e r ptotic 

signaling pathway g pag patp way

positive regulation of blood ooiopos ntioi of onoon ofofn on ore

circulationoncirculationontioionnrcirc

ive regulation of animal organve nimmal orgaano gananganane re ati n al maal omal omanimio anininimof on onve regulae rpositive revevevepositositive reguveee g

morphogeneenorp ogph nesnemorp enesisesneenhogenesisenogh esneeogenesisenog esnees

tein particlein pn pan p-rich lipoproteh iplh l roipppchhich iiih-richhhcceride-rrideriddedeerieridglycerglyyccetrigtrtrig protein pot inninriglyglglycerieryccee de-ricded ce-e

nceaancearraeae aaaclealeeaeclelecclearleeaelleecclclleecl ranraaaaarr

response to oxygen levelsnse xy

regulation of peptidase activityvitytin oulati tivitof p tytyyreg

positive chemotaxis

mium

regulation of developmental growthowvee ulation lo

regulated exocytosisosisegu

ictionioiiritvasoconso nasso nconsn ttrrrstttasoconsttn rittrrrrrstn tstrictrrricrittrrrrrrstttririrr

iddresponse to lipresponsreespes nse to onononon totoee oooo i

negative regulation of angiogenesisnesiseg at issne oregu ngiogenesff angnggugu

ived foam cell d f m i celmacrophage derderrrri

iationiat niidifferentttii

glial cell migration

lipid transporttran

cardiac chamber morphogenesiscardia r diac c rphcar amdiac diac

acute inflammatory responseacute

placenta developmenta 

regulation of lationulalulatiolulatiulegegugu ioo of regug
apoptotic signalingalinpto ninnalinalignaliliiiniiiop igc signalinig

pathwayaypathwayay

regulation of blood circulationulati ationon o od circulationonn latioioo d f bloof bb cuucirculationntionorculaulatilatiatuuircrci onnnonon

cellular oxidant detoxification

plasma lipoprotein particlen ppolip ot

organizationoro za

positive regulation of ERK1 andlationve regu de regulregpo of EERKEn n 1 anosi

ERK2 cascadecadK2 casRK2 c2 caca

negative regulation of nervousnef nn n of n voune r lave regrneganeg egulationlag

system developmentntenpm tt nntntntttntnte deevelodsys

kocyte migratione m rationleukleukuko

reproductiveoduc ve
structuree

developmentvelopment

cellular lipid catabolic processcataabo c process

ic processrp ssesssoroprrc ppprpneurotransmitter biosynthetinsmmittne er oer r sy hetmittit ssyran er ansm bbb ynsynntyntneurn ntnnntntrotrarotrorooro tic

cell adhesion mediated by integrinin

collagen catabolic process

protein processingces

hway hwawaywaapathathp

negative regulationonlativeati egue re re rn ulagugug iooregggullggnega
of cell developmentntentdd opmveloeloelo nttcell ded mentnttopmmof cell dell deddloxide biosynthetic processrocethde yyny etiosyiobiosyynththeticc pro ssbbbbbiobiiibbbbi ocescennne b hetic pretic nthethyynosysyynntnbxideee bbbbibibe be nitric otrtric otrniiittttniniit itnititiiitttitititiitit c onnnn ic oooxoxoxox

cardiac chamber developmentdiac ever developmentdeh bdi opmlopbbca bebbrdiadiaic am

velopmentpelopmpvelovelkidney devk y deveveveveve

metabolicbometabobtabolicbometmetabolicoliomemsss boboboboos mmmmmss mss tababababactive nitrogen specien stre n cinitrogen specientracti e n ipececicisspecpepeperogroe eiiiivve nvevevevvv gege ieiieiiinn sspspspptivivvivvvvv pppppppppn nennnnnnreacrea esessseesseactiveaccti cc

ppprp

on factooac fnd-activated transcriptioiotiiptac pttited trand ansligandnd rttd t i tiiiand-nd rororli ptionioiopti f rrrfactotoacfactivated transcriptiontiotitipa pptvated rani dddl orororrli on fan f

activityactivityactivityctiv

protein-lipid complex subunit coein pidin-ein-

organizationnior

regulation of ERK1 and ERK2d ERati an K2nd ERKERf anann EERRERERERKRnd End

cascadeca deee

lysisolyolysilyololynegative regulation of fibrinooti f fifibf fiat ono brinof ofn nneg oioul nolynolyolol

endocrine processcrdoc essin ronne esssocrcr rocroenenden esssocesscessssss

developmental cell growthdevelopeve pm wthl grgrowvelopmvelo m hcelll gl g owth

post-translational
protein modification

abolic processlic plic aboliabolic procesiclicaboabolic piicli solboboolicoloooolic cesmetmetttetetetttatatneurotransmitter meu terot mitter mtran tter mransurouro mititnsmeururu tratran mmittttttttttaaaaa tetetettte mmm aaaaaaaaaar mer memeemmm

muscle cell proliferationce ccececcle ll muscm

nalingnali gggnngngngngnnnnggggintracellular receptor sigulatra  rece or sigintrantr sisipepeprere r sr sisior ssir sisr sisintn ar rere ptopeepepeppptppepepeceeceeeiiiniintntintntinn ggggiggiggggggngggnana

pathwayypath aywaatathwah aywaaththatthpapa

ononell migratiomellell ell mmmmigratimmll migrmmimm iommmmmmmmmmmmceccecccceceee ionioioio

negative regulation of collagenegatnegative regulatiga ioat n gen

metabolic process pic ocmetabolic procpicmetabolic ppmetabolic procpic ess 

ulationtionu onulululpositive regue r gusiti rre uu
ationatiatiotlaaaa onof cell populopuof popp lla
onoonoproliferatiroliferatiatitiatittitioiiiiofef iioiaa oioiooo

icosanoid metaboliccosa
process

endocardial cushion morphogenesisogn m seneshogemorphar simcu o phoardar oro

response tooreres
reactive oxygenreactive ox

species

Hepatitis CCH

regulation of aldosterone secretionreg roregulaeg on on otiontion f a tealrregureregr s erorogulati oosof a

tive oxyggve oxyxyggtive ove gggyggeencttivti gyggeggeiveveve ve oxyxyxyyygyyyggyygyyygygygyregulation of reaatregularegulation ar rerrr f roululaaaa eareguegegue lu otiatttatat ooooatitll tition of reaeof rrioioio rerererererereeacacacn n nnnnererererereee ooofoonnnnnnnn ctctccccc

etic procetic pric procetieti rorocpp ocooeteee pprppp orroetitietet c pppcc ppprrorooprprrprrrrricic pppcc c ocspecies biosynthec ynthpeppe ospecies bcp ies bio thhhynyeieesesese ynnyn bbciciiciii s sssss nnnnn hhhhhhbbissssss oosiibbbibib heehhehehhhhhhh

of blood vesself blo dof blof b selod odd vdod vodd ved vd elelnegative regulation ionegative regative reguve re atiion otivti lala oooiononoooon oo

metereterdiammdi mmiami mememm

cellular response to BMP stimuluse la ppop lusr re pular reslar r imullulara P stBMP stimtiP sonponp tspoppopponon BBMcelluelel se to BMP s mulusulonson o BBo Bccc

ERK1 and ERK2 cascadedeERK2 adedec

regulation of fibrinolysisati sis

ody fluid levelsody fluid levelsleleflufluy fly flflregulation of botioregulation of booo

teroid hormonermeroid hteroid horoidd tt ormormresponse to snseonnsonse to serespoponrespon ssssstststs

genesisnegliogenesnogenesin

regulation of collagen biosynthetic eg agcoll iosygulattion

processescesses

regulation of BMP signaling pathwayP ssBM naPBMBMregu pathwegularegula MPP

morphogenesis of embryonicf embry niconicic

epitheliumm

regulation of collagen metabolicion of

process

allopeptidase activityallmetametaetall

endocardial cushion developmention even ia ononusal al pmmenhioioocu ntth n d mentmenentenenten

reactive oxygen species biosyntheticreactive oxygen syn heticeticetispec ynynnto thnt

process

positive regulation of blood vessel blooo lblobloof bpos sselselsees

diameterer

PPPPPto BMBMto BMBMMMMMto Bo Bresponse e nsonpopoessponseenspp seee e tttt PPPP

regulation of ggug tipositive regulsi gguve regulatggug i

stress-activated protein kinasecti d pes kinotstressrestress-are

signaling cascade na g cg e as

positive regulation of protein kinase eineieinprotpositive regulation of protein kinase eitetero nase 

B signaling B signaling gling g
defense response to Gram-negativeam atde m-negativatsponse tiattiatdd ativeatttopopon sppdd Grnsns raaenen

bacteriumumiuib teriac

blood vessel morphogenesisod essblblood vd

wound healinging

collagen biosynthetic processc sseticth c pr cessen bbio

BMP signaling pathwaygnBMMP sB athwinlisigP siP sMPBM

processsscespro essssespror ssscesssessterol metabolicster oet liol m bolictabtol meel msterst boliboliroolleroerro tettetet oloolololootabbabbotet c p

elial cellal elial ceal helil cecelliaiiaaiapositive regulation of epithpositpositive regulatiopp egulaula ithehelh

migrationmigratiogratrati

serine-type peptidase activitye acacctiacti ityyy

Amoebiasisbi soeo bbAm asooAA

en n en 

esseesssseses

positive regulation of reactive ulreitive rositiv f tif repo activtirearereaccaea ttitpo f r ctiviviictivtive re on eaeeeeegulul iulaulaulppopp iivvpopopopoosoososooos eveeeevveve gugu fffiiiooooooegugug ation of reaction of reof ref rf rioono  oation of reac

ss ss scescesceeesceesssesssoxygen speciececicspoxygygoxoxygen icicicisp cccceccceccecccengeneen ecepeccecies metabolic procees metabolic procm prs mem rorococs mets mmemese prooococmmmmmm ic pettta prrroroproooobos esses sies metabolic proc

e regulation of response toresponsee re lati sppoioio espespespspo ponse nse atat n oof positivepo veee

woundingwo dinggun nnngngou nnnnng

el diameterdiadiameterdidiamdiaiadiessel seltion of blood vessoobloofon of bloof bion df bf bf bf b voddddon ontioo d vessati sel del dvessesse

cellular response to nitric oxidelar r spo

regulation of stress-activated protein proteinatedctiv teitevatula -as tivtiv nidedtetessssson of stresss-activacti-a issslation of stres eedee

kinase signaling cascadeing cas dekinase signaling cascadasca adededdkik lilinnana g g dededdaaaa ggggg sc

regulation of protein kinase BBse BBnasetion o

signalinggnalin

gulatialatlaegulation of coaguation of cnn gu ooiioo oaioioioo guioioonolau ttitiittiattatattttttululllulaul onnnnnnnnnn offofofonn n n nnnnnn f coaguoafguguuupositive resititivit e rrepo reospossiiiosippopopoppo ve ree rereg agulaguegeg

inositol lipid-mediated signalingipi teded-mol lip d-mee alingnositol lipidiol d ted signalilidiated signaediated signaed ll

ve regulation of blood vessel of blood vessel e re d don of bree re ododn nononregreg latguulatioapositpositivivttitivtiviveivii

othelial cell migration lial cell mithe ioration ioelial atatll ll eehele al allialilialthhhhendodotn oothdototot

positive regulation of locomotionregulation o ocot otionocv gugusii motiontilataululuusittiit e r cc oof l

secretion by celle by celetio ellcen by cccellction by cccellcn by ccsecsecree ccccccccn bb llellllsecess

gative regulationtiv atioga e regulattionigative riga ionioiioititve tionlatiat onoongatiigatii atitittiiitiiiitie regui e regeege
f cell migration l mell nattionnll mmcellll mf cell raaf ceof cofoof cof cofof cef ce

sportspspspnsnspnspfatty acid tranranaci tratty ansnsns

negative regulation of epithelial cellpithpithn theitheithnegatne oegativnegativ of eula nonnn lial ceofof epf en n n

migrationtionattaa nioti

peptidase activitype

ation of systemic arterial bloodtiion o l blotemic regulatiogulaatieguguululr ulaulreguguuulationlattiolla

pressureprprespre

morphogenesis of a branchingorp enesgee of a brsis ofs of a is of aphhph gancrananogoho hinggnchifff f aogoggggggegegphohhh chinggmorpppmormorphogorphophphh

structuussssssstrststs turectureructurecturre

regulation of of o of of on
reactive oxygenoxygxxactive o yyive oxyxyxxygenyy

species metabolices m a olicspecies met bospe
process

response to nitric oxide

peptidase activity, acting on L-amino 

acid peptides 

interaction with
symbiont

sphatidylinositol-mediateddy diadiatediaosisitihasphsphophophohphphphosoos

signalingngngng

regulation of protein localizationregu of p ein lo ationof proof on of pofn of prof localizatzatatzann ln n calallizi ioiotiononlol ooiooionozazizzlizizizz

positive regulation of cell migrationell mi ng ne rive regu nosit l migat atiositive reguritive regreg ra onnononmimm gggpositive reosp ulation oat gratigggigggggmimimmioiooooonnono ationootioonoonatimiigggigigggell llpospo

ss 
p

ocesce

organic hydroxy compound transportor xy mpoou ortni portortc hyd oxyxyorganor

regulation of blood od ion ooddofegul n nn no
pressurepreprp es reusuure

fatty acid metabolic process

renal control of peripheral vascular vascol phrrir herl o al vol ol l o eer ral of ular pof erara vasvasc

resistance involved in regulation of  of ce red in eguin atione ine i dd lativolvnv ula n ofn of

systemic arterial blood pressure em d pblo preic remim l b surar erar essuure e 

neutrophil mediated immunity

negative regulation of endothelial ial ation of elial dothn n eg vega ononnngatga f en

cell apoptotic processcessprocc pc icc cec essess

cellular response to toxic substancetance

cellular response to chemical stressce nse mmicahemim

platelet-derived
growth factor

receptor signaling
pathway

omotionotioonotionototiontottmomotiototionotoomommomregulation of locregulation off loatioatioregueguguegrr nn ooooof locffonononnlatlataa f lf lf lfulaulgu a ccocco

positive regulation of of fatio

stress-activated MAPK cascade MAPKK K

cell migrationc migc rationtiono cell mccoffffoofffofof ononnratioiocell mmigmigmimition t n regulegr guregegr l n ooooregulationregulationreguguregu

monosaccharide transmembranesmranns

transportpor

cholesterol metabolic processssles olic pboabab cesro t ocesecholechh ol metttat rocceocesecho bolbabbmettattaesterol mro aaaatabababaaaa

transcription initiation from RNAn fransc on iptripript nit ioptio

polymerase II promoter moolymemempp ase ropolyoly

renal system process involved inoces nvolvyste ess invesccrenal system process ist cccm m ooostetetemenen eemmtttettetyyssysyl slll ococcroooosyy tstysysttyysyys s ininssssemmmmemmmm nvonvppenalaln llal ceeeececce ss sssm pm ppp

regulation of systemic arterial blood arte al blolatio al bloodl bc arteriagulation of systemic artrn of stire mmegeg ffoo tetetioiolaatat ystysof ofoofn onn ic aic aulaulaatitatiaataat terrteaaaaaran on ooon n ial bialsysyrere micmimmi rartararararaof sf sf 

pressureuressuurpre re

nnn

regulation of endothelial celldoth alliaaation of iaalal cdoththeliaotototgul ono endodototototthethegulatiooul oon of enn helhethetttttotthttt cellreguug nonnonnnonon elleguggugrrrr tio

apoptotic processssc processoccap ptptototicapopap pttptoto ic procesprooticpptapopoppttototpttoooototoooaaa

regulation of response to oxidative of respulatioation egulatgulat

stresstress

extrinsic apoptotic signaling pathwayng p hway

n of mononuclearmoof uclearnonofof o nucleuclnooononunoomomoofoof mf mf mononnommmmmf mmmregulationu oegulatue repositivepos vepp n ne rvee r

igrationgratiatitionncell mel miimigmiigi

reproductive system development

protein maturation

negative regulation of neurogenesisneofon neunen oative ula nesisne

secretionsesec

protein kinase Bki e Bproppp innnnn in e Benas
nalinginggnngnalgnaaignaigngnalss

angiotensin-activated signaling ang ensi d signed sid signsin ctivagggio gnalgg oo ateddddogiiioioioio ededededdticti nalinad sd sdd sddg g ggggg ggg

pathwayathwapathwpathwp hwhwhhw yayaythathththth

regulation of stress-activated MAPKtivr s- ateati atedate MAPKtionti tresregr activated MAPK iv Mat d MMAressgulation of stoatiotioereeg -a-a MAPMAAPf sf s sssssstrtrtr sssssssssssee eeee

cascadeadedadaascaaa

osteoclast differentiationen

monocarboxylic acid transportcid ranar ic poarbarb ansportpoporporttrttporortoxylic acidicbbrbrbrbrbbbbbbbobooorbrbobo

DNA-templated transcription,

initiation

regulation of systemic arterial bloodrialn ofregu o emstys od

al pressure mediated by a chemicapressure me a cururreprpr rrrrr tediaed ca

signallalgns

Renin-angiotensin systemn-a stemngan sinninanan ote systen sn io ememmmin temtet

negative regulation of blood vesseleguegativ tio of bn ogul onnne

morphogenesismmorm ph ennemom g

tabolic processta ssic procrocesproceprocproceicc pccsecondary alcohol mealccoondary cosecseccconcoecocoecocoondaono meettett

ng ng 

apoptotic signaling pathwayapoptotic signaling pathwaypathathsig athwhwwayayayyayalili

regulation of mononuclear cellcelmono ear celceonuclear cellcelllcellelgu eararn o cucnununuonononnuucleareaccuuunu

migrationmi iomigram

connective tissue
development

stress-activated MAPK cascadeacti d M-aactivcst PK cascd MAd Mre tivtivss ctctctcttititsstsstr

ve regulation of inflammatory atila o flammmof ree ation of inti oofegegegeg mmaregeeegegepositivetiveivpoposo ve rvev

responseesre nse

regulation of lipid biosyntheticegu eticd bbiosynthed ticcegeg ossdddion sysooososrrrregrerere

processssp sssproces

response to peptide hormone

ERBB signaling pathwayypaRBBBB sBB ERB sig ng ppa

llular response to hormone sularar r po o hres es oo onppocelluellul

stimulusust ulumsst

negative regulation of cell growthn ofgugulgunegat

negative regulation of smoothnega f smoothh

muscle cell migrationell mig

steroid metabolic processd met oce

yyyvascular prprscuvascular prrasc ocess inroceocrocess inc circulatoryc atoryorrotoorcirculac atttatonnrorrorop  circulatoryci to y rooororocess inn p

systemsystemsys msystemsss

LegionellosisLe io

Platelet activationonononvat

positive regulation of cell motilitytio otilitye reitiveivivt iloomotgupos ell celelttititititivi rrtiiviivtiitii l ll llssitsi yyatioregulgu on itlitliitytyototototilf cpo totoolllll tyyiliilityyttion otiulation of ceon f of ccef coff uululu aaalve eveve atattatattttaatttt mmmmmmmlllll mml mososssio tititiitttiiititiaaaulllllalalallalaap

positive regulation ulategu n 
of intracellularacecc lu

signal transduction nal tnala ns ion uctionon ucuc

cysteine-typee-teicys -ty
endopeptidasepepope epe
tivity involved iny tyy iy iactaactctiactctitiv

apoptotic processapapapap

mononuclear cell migrationtionl mll ll m ationti

la morphogenesismoa ma ma m nesisl ogenegenesigenesnesisisheart trabeculbear trheh a eccucculrabebetrat eccuecart tar tt tt ulalaul

lation of oxidoreductaseox reductf oo oox ductducidoroff o reduuctasectauctasesepositive regulaposi ulat

ctivityctivitytvvivitityyacacactact

egative regulation of inflammatory ive r ory ivivve rve rnne

response

of lipididpositive regulation of lreegutiveitivtiv rreposit on of ln of lip

biosynthetic process biosynthysyyybiobio yntynynynbb osyossysoss

deedededeaddeddddAPK cascaascaK c caaK KMAMAMpositive regulation of of gulationononpositivpposo atiat on ooonve r oooatregulullula ioioooosisis lalaaallalauuululululal nnnn ffooofof cadcadadadadaddf MAPA

response to decreased oxygen levels

regulation of smooth muscle cell cle celmo

migrationra

ood circulationood uld ccd coodood nrculalaata nblooblbloooooobl

alcohol metabolic processta ic policc ssbo ocesproroceroces

response to hypoxiapoxi

Complement ande ndenenennnntnn
coagulationla onlala onononn

cascadesc descaca

negative regulation of cell motilityof n ofof gulaulat l moatioe regati latulatulattio motmrern tynen

cellular response to reactive nitrogen ellular

species

tein tein inieeiinnnninin ininieieiiininlasma lipoprotipoprotsma lipopros opopliplip rororoaas lia lregulation of plgul tion oulagulalationrer iononio ofo pla roteoteiroteeiteeii
bolicbo colicolic

ticle levelsicle leticl   eeee lspartpapartpappp rtiirt s

granulocyte chemotaxis

phogenesisesisnesinesistrabecula morphogenecu ororphogenes

negative regulation of hydrolase n hydulati hydrolase y

activityityactiv

regulation of n oul io
inflammatoryryfla ma

responser n

positive regulation of hormoneve r mof hohormatio

secretioncr ti

regulation of MAPK cascaderegu n or of Mo cascadul  on ooreg atioguurere K caccacaaaccccccAP adcacacaaaaccoffofo dedasas

dosterone secretionetionsecret ono onononnosstostd secsecrcrenenaldalddaldodooldodoo

of monooxygenase activitym enenasygenennan yof m enygengenn vitactctivxyooxyyygno gygyggyggooonnmoonmomomo geneegeeeoooooo yggggggyggggyggggygeegegeeregulationationulatiore ul ononaalal ioioion n

lipid modificationonatio

smooth muscle cell migration

ositive regulation ion ivtiive rve ul ootivivtivtivtivsitipospoposposppppppososi
of phosphorusphoruf pof of hph ororf pfff ppofof fffofofof f

metabolic process tabolimemme abta ceolic pl smmmetmemememmmmmme

nuclear receptor activityrecenu r actear r ar activtior typ

renal system processte cessproystem rocprom procero

regulation of neurotransmitter levelsrotransgul tionati ananof ulatl urregulaegurerereguregul

al adhesionadhal dhehdhesiondhhehalalocaocF aFoFFoocoFFoF cocFF cacccccooFoooFoocacaalaal

regulation of cell motilitymoulati oegu cel tilicecen o ll lreg mo yon elll motilityilmmmllllcececcen oogulationlllll on elen on n ofoffoff l mll mllatatt f fffffffffffff

negative regulation of extrinsicofati ion iooion on f ef xttoo iaat ii

apoptotic signaling pathway via ain y vy vayg way vayy yayy yyyatagnal whingg patpapa viaa pg g pg pg viy aianana thwat wahw

death domain receptors cen rs rsorrerecepcere rsrsorrsptepth d s ssrsrsrrsh doma rrr eptorptmm in n rerrr

ingingngggggggggininpositive regulation of wound healpos healwo heheioonsitive nd ul wwo eaeaeeouve ve lat und hehend epopo oo o oououlaula ioio fofegu alialililitoto totototo

cellular response to transforming o tseul on nsfoce poon e t rmingcell tr to o inglar re too

growth factor beta stimulusa sorg fac lush fa b stetagrg begrowth g factoror bfafa betaa stimulusla setag e

morphogenesis of a branchingnmo anmorpmomm a bgenenesisoge nchgengge chinggg g g 

epitheliumpepithpepipepp iumm

regulation of oxidoreductase activitydn of oxido eio se af oxif oxire ioniolationiolatat ductasdeedr tititiitittititi vityul iddon of of oxif oxoxoxof duuducucucdddrrrrrererererrr ctivioooror ityactaucctucuuucuccctucctucucucuc yyyeedeededeed tase

positive regulation of cytokineve r gulatositi e regpo ation okinecytokiokokokulul n ntiooveveve nnnnegug ytytsitivositivtiviveveve ooooooononon

secretionsesese otiio

ion of hormone secretionon o rho ono onh nn on o oor ecree se senene secse semomomom retreetiregulatgurr tiiotio

ation of MAP kinase activityitykinof MAMAMAn ofion oregulatiegulatio

in-66n-6-6positive regulation of interleukinterlsitivetive regulation of interleukinerlepositsitivpo ntenttee reve r nnpppp oooonntitiopopopop kinnnn

extracellular matrix trix
organization

muscle cell migrationonmus

of plateletoff pof pegative regulation oore atig la n on one

activationona ativ

blood coagulation, intrinsic pathway

endopeptidase inhibitor activity

regulation of cysteine-typeatio f cysregulat ysy ne-n o epe 

endopeptidase activity nd ctivity epti se vityepep

regulation of extrinsic apoptotic ptogulatio ptori otic ap otguuguululuu n oeg n of n c apaprinsriextrinsic apo ttititottotptotttulguuuregeg sisiggeggggggg ccicitottititiiciciif ef poptrrtf ef extron on oo icictitttttttiiiitiitinnulalaul tio c aaaapextririrttrrttrexe c ccccnsnsssnsntitioatatat apoptotooa otposicici otcc aofofoffofofataatiotiotititat

signaling pathway via death domainnhway v nvia h d aig pling inm nnninpathwp de nnnaininininiaiaiieadeww thhy y domdeathdded thh dodh da d thhthhhhthh hh g tag pag p hh madddddatapapapapaathatathhatatataggggrinsicrinsic ccsiisiciciciciinnssisnsssrinrinnrinrinrinrinssssisinnnnnnnnsnsnsnsiinnnninnnsn isisiciciiiiiisssssssssssssnsssnsnssssss

receptorsrsptorsec pp sreec

regulation of cellular response to f ceon ulatio elon oon reg n ofo

growth factor stimulush fgr acgrogrrow
response to transforming growth minfo grons hsf mimiformfose to ng gggrowgrmmrmm

factor betabeor ctoro

peptidase regulator activity

positive regulation of cellulare regulation of cellulgugu att araaatat

component movementne t ntt

mediated signaling g signaliated signgnnalingnmediated nnnannmm atededateeddmmemedididdne neneid hormond hod hord h mormmosteroideroioid oidoid hdoid hid onononee mmsterosterstero

pathwayathwhh yttththwpppppppapa

cellular response to drugcellu

chemokineemcofof fof ononpositive regulatiregu iio on choo mokif cf cf cf coon oatiio

ctionctproducdu nonioucu nnoniocctuc

negative regulation of bloodnegative regulatioul oolaala o bblti oodoolloof bbbloffnene ooooooonatia nn onnrereegegaaativetivattativatiatatativtiatt ulatullalaaa iive ve ooooooo ggaggaag egegneenenene ataatatiaati blooblolobloooloooo doddd

coagulatiolaatlaaaaticoagulatoagcoagul onnagulationlaatlaaa ntionncc nnnnnnnnnncoccocococococcoocococcoco ioonioonoaoaooaoaoaooa ullluul

le tissue developmente tstriated muscluscle

protein tyrosine kinase activity

to molecule of bacterial o momoleresponse tponppoo ecul to e of b erial 

originorrigin

Apelin signaling 
pathway

cellular response to chemokine

se to sear responsnscellular nsesearlar rear

ntaining compoundg coxygen-containing comox mpon d en-co compom

cregulation of cholesterol metabolicmetol aboliterol olegu ololchoof cregueg ion aboabetabttabtrolroholeho bobobo icc

processcessprocessesssssssss

cellular response to external stimulus

negnegnen
oooo

on of cellular ellu ar ular aron llullluon f ceof ononn n atiattitttiiiiititiinegative regulareg r ulan vee e re lalala ooioioiooiioiolatiaatlalaa

ovementemve ntmemeentenmmemecomponent mmponnnponennnom mooonononnonn nt mmomommom

protein autophosphorylationautp

bindingbindion of protein bon regulatii ingn batioio dingndinngng

regulareg

of tube of tubef tutf tf tofoof of ubion n nionnnioionoulatilatatatulaatitilaalaatiaaaaataataaagullgugggullguggggugggggregegre ulalu tioitiioi n oeggg ooo
errerrrrametmeeteeamdididdidiaiddiaaiaia teeete

of bloodblblbblololoo dof bloloblf blolobloooooof bf ooooloooooo ddddddoodododddoddddddddddddddddddddood
coagucoagucoagucoagucoagc agaagu ononnnnononnnonnulatioulatioulatioatiotiolalal ttiititiiiatattatttitit oou

cyclic compoundresponse to organiconse pounorg cc ycl

negative regulation of peptidase

activity

siggs

MAP kinase activityyaseasMA acti

circulatory system processrc emteteeme ssessproocescessess

toll-like receptor signaling pathwaynalirece or sl-lik gnr signgnnalinall-ll-l siggsigngnececep pathignanagn waying pe recereecec

emmystemstystetenital synital sysyogenitaogeourourou emmtemteemetemeemeysysenitaoroo
velopmentvelopm ntnt

ressssresrerestrstrrtttrtrrrrshear sts r sthiidluiuuuFl d sheshdFluuuuiduidddlFlu ststtrereretrtrrrrrrriddduiuuuFll idd shearshdFluuuuidid sdF iduiuiu
sississ ososiososiiirosclerolscleroerend atherosd atherosataatatatd athethaaaaatata eed dndndn roosisiss sissisinddn eroscosc

Amyotrophic lateral sclerosis (ALS)otr s (

response to to 
chemokine

esponse to e seereseeeespesesp
gen-containinge aiee taaoxygox geygyge
compoundco doo dd

cellular response to organonitrogen ellul on

compound

onntiotionn

llular componenttoneregulation of cgulgu n oion regulation ofgueg atattionon coo cf ccioioti ceececeatatatioiattt eleleee

regulation of JNK cascadescad

regulation of cysteine-type ofre

endopeptidase activity involved inen e a

apoptotic processpto

lopmenpmpmetube develotu e devube debe dedddddededdeddd ntenttelop

positive regulationve regulatioguluositivitivtivositospospopos
of

ylinositolsitphosposososph sphatidylitidylidylisphatpsppsph
nalingg3-kkinase signe signe nkinaseasenask

en geonitrogeggeto organanresponse trespospreresre ns genggeposp to nosense

ndcompounduncc doundund

blood coagulationtionatiotioooooonoacoa lata

synthase activityase itye aesyyny ase activassesesysynthnitric-oxide nitnitrnitr -onnn c-oxidde oxixiitric-c-ox-o-oxo e ss yt

Rheumatoid arthritisa

seaseseaseaeeaAlzheimer dimereimer dism r AlzheAlzhlzhzheiheiAA aseaeaseaisise

otensinensinsininsinresponse to angior nse to onse respon angionse toonse tnse t iot

cellular response to toto ocel
nitrogen compoundnitr ompou

on of n onnn ofonnonnn on nn f fulatioatulataulatiatlaauulullllaululaggeeeeeeepositive ve posisitive vepposos e re rrrrrrrrre rrr tionioionogugurererrrrerererrr ggggggggg

n proteir pprpprr pprprotrootetoteeceptor pteceprerre nee nenetransmembransm anbrtransnstt emtratrratt ranan or pr pppereennnnnn rrrr ein

ngngnnnalinalinalinalinalaliinase signgne signgnignnase e se seeine kneininnenenserine/threon/th nre nnhrrin onse gnagnnnnakininninini e iniinininni

ayyayaywwwwwwpathpathppathppatpathththhthhhhhhhhppp wawawappppppppppppppppp hwhwhwhwhwhhhhwhhhhpp

cellular response to lipoproteinsponell spopar onocelluell nonononon

particle stimulus stimarrticp cl

ry developmenty dd ty deddevddarteryartery

negative regulationreg ioonat nrere
p

of multicellularel arrulacee
organismal processpr ceeoccceseprorgorgorgorg

negative regulation of epithelial cellve re ellregeg

proliferationprolipr

reguregguguggu

processcessessessceeo

ocessesnitric oxide metabolic prodenit rocnin ab icmeric proproctri oxide mdexixic oxidxixixi met rocerocce

response to amino acidto

organ growthga hhrgan groga growthgrowthganrganga gggggorororo

ooooonse tnse tresporrereresrr o tootoo
aridea idsacchasacchpolysylipopolippoppo ysys ridel a

activationctplatelet platate aa

of phosphatidylinositollinosph lph lphppph tollregulation ulati n o

3-kinase signalinggase ina gnnna g33

response to metal ion

response to nutrienton

e activitye a ityserine-type endopeptidase tiddasese se a

morphogenesishogenrp ogogrt mrt mrt mt heahheahh mmarar

n receptor n r cepceceognitiopattern recoecrep rerere ononcog

wayy g pathwpasignaling ingalinnal g g hwng pg p

Gastric canceranancercaas rancanananGaGas

lismoliserol metaboletamoler me abtammooCholestCh stlestteste ololis

cellular detoxification

se tos toonsnonresponssnsresp oo
nd ndounduncompoumomn ccnitrogennitrnitn cocconitrn gen cocon n pouund n

mbrane mb anmbmbraneanbraanb ne ananf transmensofooofofoo ananf traf tff af trtoofoof trtff ansstrat anantrat a emrarrtrrrraarann lationlatioationreguregregrereguegr oooo n n emmulul

reoninr ononioneonineonnineoeo inenenenninnininninnnnnnnnotein serine/thrnsen e/throt n n inserss e/thhrrne/tnii /th/thrrhrrerinnrinnteiinrprortor ptorecepttceprerere oorotroprpr hrrrhrrerrereereptoto ine ne e ne 

signaling pathwaypa wanglin wawae signalinling pathwpangli wnanaignsignaling pathwaygnnnn athwawawawawaywawwawawaayayaynalliilalialil sie siasassasssesssaseseasskinainkinase signaling pathwayyyye e eeeee aasnasasaa ayyyyyyyayayyyykiki y 

response to fatty acidfattyre tttse yttfattttttpo e tose y aytttytyt dponpoese fafafatfaatatto o sppsp nss tyty tttttttttatatttytttttt ay atytfffaacellular rellular rce lulucece ulaulllulu r rr rularlarll ararrelelllluluceccecelel resrrere

heliummummmmummumgland epithland pitglanla ithdddndd edd epd ndddddte ggtateatprostaosrosostastasttststst te at glglstatepr thethe

orphogenesisrp ge sisogengehophop nesiismommor

maintenance of locationmain catmma

positive regulation of epithelial cellhelial celllion of ulationonulguulp

proliferationp

lopmentmentlopmpp ttc devevelodedevdeveevevvededev lolololeleleeelelelryonic ryoniconiniyoyoion of embonon embbf embbembbbbbbbbbbof embmemmegulationulatiotioguulaulaugreg ryrrybbryonryyy loplopvel ploplelelelbrbrrbrbbbbbbbrrregulaguull ic dc ation ooo

negative regulation of programmedamm dmmegulationegativ regulatigulati

cell death atheath ath

tube morphogenesisph esinetub

response to estradiol

lysisysisysisisregulation of proteolytion olationationlaattatitititi ofgull olyyote

oltophosphatidylinositsitatippho nolinosattphosphaho tidylinti liat ititto
g g3-kinase signalingalias aaalalnaanaasas ngggg

esponse totoonsresesp
inorganicnori
substancesu

bryo implantationryo mpembmbr

metalloendopeptidase activityse acteptidaep tivit

Hepatocellular carcinomaato

Bile secretionBi on

cellular response toe toular
insulin-like growth insu

factor stimulus

ar response to peptideesp e tcellular to tellullar 

fferentiationreffe tioffefoam cell diffdiffce ffffffe

to lipidlipicellular response ce ularel r rr rararr dpo e t idid

esis of af aregulation of morphogenesis of alatio ofgu ogenesis of aof

branching structure branchinulation of ofuuguuregugureregur guguuguguu

 regulation of phosphaten of pe lationegu f phosphahateh tephosphoonorreepopositive regpositive ritive reve re itivitiveitive reiposiposiposposi

bolic processbolbbolic prc caboabmetabmmetameme ab

rogrammed propositive regulation of pof mmprpr med

cell death h 

tube sizee iub sizituubbubn off nn ofn offnatioatiotiotioulaulareguregguullgull elatilatatlll f ooononooon tuf t

esponse to opponononegulation of reugugu of ron oiopositive reree rrsitiv erep ivivitivtititipop regrere resppospp

mulususexternal stimexe rnxtxtet stinal alale mu

66

of cell of eleeelcceon on oregulatioulatirereregre tiooo ooooatiooo
esioesieadhesiohhesio

regulation of gliogenesisulat

response toseo
extracellularuac

stimulusstimulusssmm

female pregnancyprle cyggn

tivityvityase actise acdopeptidasidaopeptid-type end-tttcysteinenecyscysteinecysteicyste dddde-e-e dopdonddd daseasd ctiv

aling pathwayng patng ngI3K-Akt signaK-A siPI3 alPI3K thway

negative regulation of lipidnegative regulatioegulatiotive regtive reegagatitat ulation ogulation 

localizationzation

response to peptidetidton e peptideti

tomical structure ctucal st tuucaal sl uccregulation of anatomicr la annatomical cal

sizee

oid hormonermod h mmhohoonse tpulllulallulaulaar respresr rcelluce steroidsto roo ss erponse te tns o steroidtolararlaa pppospce ttootttoto steroid hormonermho mmooellulalulellulalulululue ar ressr ponse ttp s o steroid hormsto rooo ss erespsp tttotoo steroid hormost hoo ro oo ss erro steroid hormonermhorrmro ooorerr d hormo

ulusu usussulullullususuu sssssululstimstimtitistimstimtitimmummu

ationnmationnnntionnmatimammrmrmd forfod fforoforfoorotic bud c bud fdd fftic buc buf prostaatrosostostprosppfofoff pf pff f tattaaaosttaoregulation egugueguulationgulationgulatioegeggulatiogggulationioonononontitititttiatiioioiioioioootiitititi f rrmrrororrmrrrmrmmrmrmmbud forfffffofofffononnonn oof profof poooon oooooreereee matiomatiommn of tiattat

oliferationratolifera ittioliliepithelial cell prceelialepiepe celce roll

constrictionstrictioegulation of vasooof off vg io sococvasongug la  titioonnn nn ooolatla oonpositive reve rerrve e tivposit ocoocoocreeggre

ell deathathregulation of programmed cellregu cell dof pr eathtf programf

cellular response to reactive oxygenresp reactive oe actac

speciespe

ulationnregulatereeive re e e venegativegatgatneg tiv r ulatigatigatneg rrr
onse to on to of respesspsf rof responoof pspononoppopo
stimulustimusernal nnanxternxtextxtexexexxxx lern  ususs us

negative regulation ogative regugatt on of tion of 

endopeptidase activity ctivity end

ortspspsppppnnnnhormone tramon raho  ttmonon amomoon ananannnsnsnn popporpopo

heart developmentart dev

aminopeptidase
activity

myeloid leukemiayelo kemimiaAcute mm

AGGAGE-RAE RRAGAA -GEE-E---GEGE
hwayhhwhhhhsignaling pathalilinnn g ppatlinialilig ing pain ppignalaln lili linggnaalsignnignnnnnn ling plinnliiininniialial ggggnnnnsignignsigi l hthpatp thhthnaanann inininiiinninnininini ggggnnnnngnggngnannannnnnnnnnn hhhhhhh

in diabiinin in didiaiaiiaiiiininnn iiiidddiabiabaaiiddn n iidiiiddddididddiddddddi
plicplippliipppppppppppppppppppppppppppmplipppplp iplippppppplpliplipp ippplplppplplpppppppppppppppppmpcommpcommmcommmmmommmmp

AutophagyAutophagyyyyyhhagygyyyyyphagophahhAutophahhagh

regulation of lipid localizationatizatioatioeg pireeg ipipillili

fatty acid derivative metabolic eriid d

processp

tetemonocytecytemonoof mf mfn ofn positive regulationonegu tio cyteeyteeof of nonnn on

lular response to peptideular eee ndnd
hormone stimulus rm

esisesisphogenegehhoghogengehhhohorporpotube me mmmithelial ttheeliaiteppititpepipiepepititpepp nerpppl tu momoororoo phhpp iss

cofactor metabolic process

ty
ptot

v
pop

itive regulation of proteolysistivpositiposiositivsit

negative regulation of apoptotic

process

response to tumor necrosis factorto r n

ation of tiatregulala oaa of 
onse tonorespop e oo

al stimulus stalexternan ma imumummumm

protein insignal transduction by psig tral sd onn byb bbio y y c ooo y ppry prp

on of cell deathnpositive regulatioitivepo of cell deathhoo ell d athon of cell n o deathdeath

hormone-mediated signaling pathwaymonh iatne- ated signaling pathwayathormone-mediamohh ae m sisiaataat

ted signal te ignalgnalignalnitric oxide mediate m ddiaeed ateate

transductionan ct onucc

kocytecygulation of leuatlaaegugreegpositive rpositivetiti n legug n of leuleukn n nrere

xisimotaxmotaxmomochehechehhecc axxememeem xixixxchc

f an epitheliumf a pn eoooomorphogenesisessism eliumhelmm liumitheelielilmommmm of offs s mhehelthel

cancercncccancercccostate ce stostate ctProoPProPPPPProrosos cac

e regulationulatiore rernegativeativivevnega vevveativtive ve
vasculaturecullatasof vf vvo vava

developmentententnententnnevdeddedede

ocyte chemotaxisytecy e ch motaxnnulation of momoof mooregularegulat taxisgulatiogulatg onooooonotetetee

e to growth factorgro ctoto owth faconsepopocellular resresellu rerecell lar resll ororrrspp se ctor tor ooron

mulusmulumu usstimim

gative regulation of cell deathgnegane guegatg

negative regulation of bindingegunegneganeg

amyloid-beta metabolic processetab

negative regulation of proteolysislysisoteon o

apoptotictoticticregulation of agulpositive r o ofe re f ap

processepr

oxidative stressresponse to espspoesponse to sppocellular rular ellu r re  oo

dingingbindinbindregulation of protein bf prot iationnegative ren ve re n binndingndinreg

extracellular matrix disassemblyextra

oneneresponse to hormomon

JNK cascadeJNK cascadadedJNJNNKNKJNJJN ascasc edededJNJNJNJN

motataaxaxotamotothememhee chregulation of leukocytelation of leofof koocyregure issxiissxite chehytete xxaxxxxememh ssaxis

mic arterial blood ic arterial blooddterteystemic aystystemstyysysysyegulation of sn ogul of sgulationngu of on ofo sysyssyf sysyf s mic armiceree

ure by hormonere by hormonerere b hr be by hre ormohormhhssususupresprespppprespresppppp uruururessssssss neneee

aananananananaaa

stanceceancencncancannstststanceecenncnstisiisiisisssssssesssssseseseeeeeeeeeeeeeeeerrrrrrrrrrulin rulinlin lin rl n rInsulInsusuInsuInsu iuluuluulu ssssssssiireerrerereeree iiiiisississirrrrrrrrrrr istsssieeeeeeeeeeeeeeeeeeeeeeee

glucose transmembrane transporttransportm tlucos

uro
dev

u

on of vasculaturevan oonn f vvoffatioattiotattattiooreguegurerregullulaullulla culregulgueg ulalatatalaaaaa onononon

evelopmentmenevellopmpmpmopopevddeeveevveddededeede

gulation of ulgureguregulaullaguulaulu on
ponse to stressonporespre sesp e to strletlet

cellular response to tumor necrosis

factor

prostatic bud formationmationmatmamamaforc btat

positive regulation of bindingosit

hogenesisnesenenartery morpph

positive regulationp eg latregulationlaive regule lationlatioulationlulatla iontppppp
of lipid metabolic d m oliolicic cpid metabom

processpp ocess

extracellular structure organization

d shear stressar sd shear strear sstst essssessesssssseaeasresponse to fluins id

response to nutrientpon
levels

regulation of anatomical structuof na ic ructula caregulation of anatomico na i lla uctucaliccanatomatomf af a mmimmimi cturtureurture

morphogenesisorpph esisphph eses

regulation of cell of
death

response to toxic substancee tores xi

owth factor betaow toh bethth or bbeh fact etaming grngminngtransformiormrmmsfonsransffoan minmtra rogr

aling pathwaylin hwpa y ng wayyg pathwhwpaneptor sigor sigtotorreceprecerecrecrecrererecep nagngn

ononiiiiiratrratratattmigmiggmigiggmm attitittititiioiioiiimm grgrgg

blood vessel remodelingem elingblood

response to amyloid-beta

positive regulation of neuron death

metaboliclicmetareactive oxygen species mciee oxreactive cieieesecspecieiesies ieec mm

processoce s

c

phogenesissishog sissesisesogenpp enesmorpmormororand md mmmmmmd mmmmmmandprostate glateprostate gltrostarospp glglaglgllalalalaglala mommmmmmmom rphphrprpanalala

regulation of bindingulation

of an f phogenesis of ofesisnesiesispmorporpmobranching mb hihih nan annn rprp  of aof m

pithelial tubepithepiee ial beepeep

ionon

e regulationulaulalareg tionregug atioongulalullggulatlaull tiontionne rrsitivesitisiitivesitsisititisitosooooopoopooooppoooooooooooo e e
ll adhesionioioioonoodhdhedhl heh onoooonoooll addddal addaadhda heshdhehheshesddl lllof celfof cf eloff celloooooooooooooooo lllllll

regulation of apoptotic processn of tic p ssf apopf pro

nceanceeclearancmnant cnt nmnannann reeen reeeeemmemmemonononmicrmicmiimichylomchchylomchchylohylhyy rocrrorommiommimim mmmmmmmmcrccrccrcriciciii t clnt cleantt cleroooroooonooor ranceance

ellgulation of cell-ceul l-cgu ongutive regivpositsitpo ellitiitip ellegegeg -cellc

adhesiondha n

(e)

(f )
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inflammation (GO:0050544∼arachidonic acid binding), and
other molecular functions. &e cellular components focus on
exosomes (GO:0070062∼extracellular exosome), extracellular
space (GO:0005615∼extracellular space.; GO:
0031012∼extracellular matrix), blood particles (GO:
0072562∼blood microparticle), intercellular adhesion (GO:
0005925∼focal adhesion; 5913∼cell-cell adherens junction),
platelet (GO:0031093∼platelet alpha granule lumen; GO:
0031089∼platelet dense granule lumen), endoplasmic retic-
ulum cavity (GO:0005788), and myelin sheath (GO:0043209).

Oxidative stress is considered to be an important factor
leading to cell damage in acute stroke events. During the

period of cerebral ischemia and perfusion, especially the
reperfusion period, a large number of free radicals are pro-
duced, which attack the lipids and proteins of cell membranes
[34, 35]. In recent years, studies have found that in addition to
directly attacking cell membranes and causing cell oxidative
damage, free radicals can also participate in the process of
neuronal damage by initiating apoptosis pathways. &e free
radicals produced after cerebral ischemia can act on mito-
chondria and change the permeability of mitochondrial
pores. &e depolarization of the mitochondrial membrane
leads to the release of cytochrome c from mitochondria into
the cytoplasm, which activates the caspase family to cause

Table 4: DEPs with higher expression in brain tissue in the CI/CE operation comparison group.

Gene name Adrenal gland Brain Gastrocnemius Heart Kidney Liver Lung Spleen Testis &ymus
Ctsd 297 167 154 126 258 125 651 195 35 182
Sri 28 45 11 16 68 13 100 146 144 85
Lgals1 311 37 254 156 42 6 274 79 65 161
Crp 20 27 9 8 15 1447 27 19 21 24
Rps6 30 24 18 18 22 24 50 145 29 98

Table 5: DEPs with higher expression in brain tissue in the CI/CN comparison group.

Gene name Adrenal gland Brain Gastrocnemius Heart Kidney Liver Lung Spleen Testis &ymus
Cst3 279 1558 273 279 240 112 722 495 381 638
Tf 42 447 41 24 43 18878 109 126 127 41
Ppia 183 308 37 54 217 181 207 269 236 413
B2m 685 186 166 558 507 1168 1661 1926 156 1003
Car2 27 183 12 11 250 6 101 293 40 12
Agt 47 96 2 2 13 372 31 6 0.7 51
Prdx6 108 68 28 59 103 79 292 41 46 54
Gpx1 347 52 160 330 635 1326 375 669 27 189
Aldh9a1 62 21 28 30 151 258 46 33 29 41
Cat 146 21 48 46 379 1270 113 81 8 56
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Figure 9: Oxidative stress indicators in brain tissue (∗∗compared with sham operation group, P< 0.05; ##compared with model group,
P< 0.05).
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DNA damage and lead to apoptosis [36, 37]. In addition, the
reactive oxygen species produced by oxidative stress can also
regulate the activity of nuclear transcription factor NF-kB and
affect the downstream genes of NF-kB, including iNOs, COX-
2, intercellular adhesion molecules, and cytokines [38–41].
&ey mediate the destruction of blood-brain barrier function
and inflammation and play an important role in the signal
transduction of apoptosis [42–44]. &erefore, after cerebral
infarction and its reperfusion, the overproduction and burst
of free radicals play a key role in the programmed death of
neurons. Edaravone is an effective antioxidant, which can
inhibit the oxidation of NO and increase the production of
NO by increasing the expression of eNOS and inhibit the
formation of peroxygen during reperfusion to improve or
protect vascular blood flow [45]. According to recent reports,
in MCAO model mice, edaravone administered within
6 hours of reperfusion can reduce infarct volume and im-
prove neurological deficits. In the early stage of ischemic
events, edaravone can inhibit the accumulation of 4-hydroxy-
2-nonenal (HNE) modified protein and 8-hydroxydeox-
yguanosine (8-OHdG) in the ischemic penumbra. In the later
period, it reduces the activation of microglia, the expression
of iNOS, and the formation of astrocytes peroxygen [46]. Jiao
et al. found that edaravone can reduce the delayed neuronal
death of the hippocampus after middle cerebral artery is-
chemia reperfusion, and its mechanism may be related to
scavenging free radicals, resisting inflammation, and inhib-
iting the activation of astrocytes [47]. In terms of cerebral
hemorrhage, edaravone may inhibit the activation of M1 type
microglia and the accumulation of proinflammatory factors
through the IRE1α/TRAF2 signaling pathway after ER stress,
reduce the edema and apoptosis of nerve cells after cerebral
hemorrhage in mice, reduce the damage of white matter fiber
bundles, and then protect nerve function [48]. In terms of the
proliferation and differentiation of neural stem cells, edar-
avone can promote the proliferation of endogenous neural
stem cells and astrocytes in the subventricular area of the
ischemic injury side and the cerebral cortex around ischemia
and promote the differentiation of endogenous neural stem
cells into neurons [49]. Further studies have shown that
edaravone promotes neuronal proliferation in acute stroke
rats through the Wnt/β-catenin signaling pathway and im-
proves the neurological and cognitive functions of acute
stroke rats [50]. In terms of iron metabolism, the effect of
edaravone in repairing spinal cord injury in rats is achieved
by regulating the xCT/GPX4/ACSL4/5-LOX iron death
pathway and rebalancing the homeostasis of lipid oxidation.
Further studies have shown that edaravone reduces 5-LOX
metabolites to inhibit neuroinflammation, promote neuronal
survival after spinal cord injury, and prevent iron death in
neuronal cell lines [51]. Compared with previous studies, this
study revealed the serum protein profile of edaravone in the
treatment of cerebral infarction rats through serum TMT
proteomics and discovered the relevant mechanism of
edaravone regulating iron metabolism in cerebral infarction,
which provides new ideas for the study of edaravone inter-
vention in cerebral infarction and also provides reference
information for future research on the mechanism of edar-
avone intervention in iron metabolism-related diseases.

5. Conclusion

&e therapeutic mechanism of edaravone in the treatment of
CI may involve platelet activation and aggregation, oxidative
stress, intercellular adhesion, glycolysis and gluconeogene-
sis, iron metabolism, hypoxia, and so on.&is study provides
new reference for the clinical application of edaravone for
CI.
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