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ABSTRACT 

Background: Stroke, particularly ischemic stroke, is one of the leading causes of death worldwide. 

Ischemic stroke causes a failure of oxidative phosphorylation and ATP synthesis, resulting in high levels 
of reactive oxygen species (ROS), neuroinflammatory responses, and apoptosis, all of which result in 

cell death. Neuroprotective agents are given to prevent the infarct area from expanding. 

Objective: This study aims to predict an in silico interaction by 7,8-dihydroxyflavone as neuprotective 

agent through TrkB signaling and inhibiting Glutaminase activity. 

Methods: In silico simulation with 7,8-dihydroxyflavone (DHF) as neuroprotective agent using 
PubChem, RCSB, Biovia Discovery Studio, PyRx, and PyMol software. This study analyzes the 

pharmacokinetics, pharmacodynamics, and protein-ligand interactions between 7,8-DHF as a ligand 

with TrkB (4AT5) and Glutaminase (5JYO) as protein target, compared to their native ligand. 

Results: 7,8 DHF binds to 4AT5 and 5JYO with lower bond energy (-9.4 Kcal/mol and -6.3 Kcal/mol, 
respectively) than the native ligand (-5 Kcal/mol and -5.9 Kcal/mol, respectively). It means that 7,8-

DHF may increase protective mechanism. 

Conclusion: These findings tend to increase downstream signaling pathways, leading to increased TrkB 

expression, which induces protective mechanisms, and decreased glutamate expression, which reduces 
glutamate toxicity. 
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Introduction  

Stroke is the world's second largest cause of mortality and 

can result in major long-term disability. Every year, there are 

13.7 million new cases of stroke, with 5.5 million deaths.1,2 

This condition is characterized as rapidly developing clinical 

signs of a localized or global impairment of brain function 

that lasts more than 24 hours or terminates in death and has 

no other obvious cause than vascular disease.3,4 Ischemia is 

the most prevalent cause of stroke, accounting for 87% of all 

cases.5 Blockage of oxygen to the brain due to ischemic 

stroke can lead to failure of oxidative phosphorylation and 

ATP synthesis. This resulted in excitotoxicity of glutamate 

which is the first molecular mechanisms in the brain tissue 

damage, where the release and inhibition of reuptake 

excitatory amino acid glutamate is rapid and massive.6,7 

Excitotoxicity is influenced by the enzyme glutaminase 

which catalyzes the hydrolysis of glutamine to produce 

glutamate in the central nervous system.8 This causes high 

levels of reactive oxygen species (ROS), neuroinflammation, 

and apoptosis, all of which can lead to cell death.9  

Intravenous thrombolysis (IVT) with recombinant tissue-

type plasminogen activator (rtPA) and endovascular therapy 

(EVT) with a stentriver are currently commonly utilized in 

the treatment of ischemic stroke. Although this therapy is 

effective in opening blocked cerebral blood vessels in some 

patients and can give good results,10 because this therapy 

cannot be done in patients with earlier symptom onset of 

more than 4.5 hours. In addition, on EVT therapy, only 7-

13% of patients meet the criteria. Both of these therapies are 

known to have side effects such as intracranial hemorrhage.11 

Additionally, neuroprotective agents can be used to keep the 

infarct area from spreading.12,13 On the other hand, cells can 

respond to brain damage due to ischemic stroke through the 

activation of endogenous neurotrophins that can reduce cell 

damage due to obstruction of blood flow, but their numbers 

are unable to compensate for the damage caused by ischemic 

stroke.14 Neurotrophin is an essential protein released for 
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growth, development, survival and recovery of the nervous 

system. One type of neurotropic is BDNF, which can bind to 

high affinity receptors such as TrkB.15 

TrkB signaling plays an important role in synaptic 

maturation, synaptic plasticity, neurite development and 

arborization, as well as maintaining normal cognitive 

function.15 BDNF/TrkB binding then activates the 

phosphatidylinositol 3-kinase (PI3K) signaling pathway, 

mitogen-activated protein kinase MAPK and Phospholipase 

C-γ (PLC-γ) through autophosphorylation and receptor 

dimerization.16,17 These three pathways can then increase 

Hypoxia-inducible factor-1 alpha  (HIF-1α) protein synthesis 

and inhibits prolyl hydroxylase enzyme activity, which can 

stabilize HIF-1 and activate the HIF-1α transcriptional 

response to further promote cell survival, anaerobic 

metabolism, and angiogenesis, including endothelial nitric 

oxide (eNOS), erythropoietin (EPO), glucose transporter 1 

(GLUT1), heme oxygenase 1 (HO-1), and vascular 

endothelial growth factor (VEGF).18,19 7,8-

Dihydroxyflavone (7,8-DHF) is a flavonoid that has 

neurotrophic effects in various neurological diseases such as 

stroke. With its ability to cross the blood-brain barrier, this 

isolate can mimic BDNF activity through its role as a 

specific TrkB receptor agonist.20 

The research to observe drug design needs a long time, but 

screening to find out potential compounds as drug candidates 

at this time, the in silico approach can be used.21,22,23 In silico 

is a research approach that uses computer simulation and 

available database information.24 This computation method 

can predict the interaction between ligand and target protein, 

as well as its bond energy.25 This study aims  to determine 

the potential of 7,8-DHF as an ischemic stroke therapy 

through the molecular interaction with TrkB and 

Glutaminase enzyme.  

 

Methods  

Ligand and Protein Preparation 

The ligand used in this study was 7.8-dihydroxyflavone 

(DHF), which was downloaded as a.sdf file from PubChem 

(http://pubchem.ncbi.nlm.nih.gov/). The proteins Tyrosine 

Kinase B (PDB ID: 4AT5) and Glutaminase (PDB ID: 

5JYO) came from the RSCB website 

(https://www.rcsb.org/search).26 The ligand minimization 

process was carried out using OpenBabel in PyRx software, 

which allowed the ligands to be more flexible, and then the 

file structure data format (.sdf) was changed to protein 

databank format (pdb).27 Using BIOVIA Discovery Studio, 

protein stabilization was performed to adjust to the body's 

physiology by removing water and hydrogen atoms.28 The 

control ligands were downloaded as .sdf. files from RSCB. 

cFMS Kinase Inhibitor was used as a control ligand for 

Tyrosine Kinase B, and Telaglenastat was used as a control 

ligand for Glutaminase. 

Drug-likeness and Biological Activity Prediction  

The pharmacokinetics of the 7,8-DHF ligand molecule was 

examined as a drug candidate using the SwissADME 

webserver (http://swissadme.ch), followed by a drug-

likeness analysis utilizing the Lipinski Rule of Five website 

(scfbio-iitd.res.in).29,30,31 Furthermore, the bioactivity of the 

ligands as a neuroprotector agent is screened using 

Way2Drug Prediction of Activity Spectra for Substance 

(http://www.pharmaexpert.ru/passonline/) to determine the 

quantitative structure-activity relationship.32 A protein 

kinase stimulant is the expected bioactivity.  

Molecular Docking 

The binding energy value created when a ligand binds with 

its receptor is determined using molecular docking.28,33 In 

this study, specific docking refers to comparing the binding 

energies of 7,8-DHF and a control ligand that binds to the 

same binding site. The PyRx application Vina Wizard is used 

in this study to perform molecular docking simulations. The 

PDBQT file format was used to evaluate the receptor and 

ligand files.27,34 

Protein-ligand Interaction Analysis  

Docking data were displayed at the molecular level using the 

PyMol and BIOVIA Discovery Studio tools. A protein-

ligand bond analysis was carried out based on the interaction 

and type of bond established by the 7.8-DHF when it binds 

to target proteins.35,36 The Discovery Studio application was 

used to investigate the ligand-protein interactions. After 

docking using the preceding VinaWizard, the program will 

generate a representative 2D schematic representation of the 

complex interaction between the ligand and the receptor.37,38 

 

Results  

Drug-likeness and The Biological Activity Prediction of 

7,8-dihydroxyflavone 

The pharmacodynamic tests in this study were carried out by 

uploading SMILES of 7,8-DHF compound on the PASS 

online site (http://way2drug.com/PassOnline/). The analysis 

results showed that the probable activity (pa) value of 7.8-

DHF in stimulating protein tyrosine kinase was 0.187, higher 

than the value of probable inactivity (pi). This finding 

suggests that 7.8-DHF is effective in tyrosin kinase protein 

stimulation (pa>pi) (Table 1). 

Table 1. Pharmcodynamic Test of 7,8-DHF 

Compound 

Probable 

activity 

(Pa) 

Probable 

inactivity 

(Pi) 

Action 

7,8-DHF 0,187 0,045 
Tyrosine kinase 

stimulant 

The pharmacokinetic activity of 7,8-DHF was tested using 

SwissADME (http://swissadme.ch/), and showed the human 

intestine absorption (HIA) of 7,8-DHF, the ability to 

penetrate blood brain barrier (BBB), and the protein plasma 

binding that displayed on Table 2. 

 Table 2. Pharmacokinetic Test of 7,8-DHF 

HIA BBB Plasma Protein Binding 

92.63% 0.93 93.02% 

The Lipinski Rule of Five is used to determine the level of 

compound similarity that has a certain biological activity 

which can then be determined the compund feasibility as a 

candidate for a new drug. This test is carried out on the 

Lipinski test site (http://www.scfbio-

iitd.res.in/software/drugdesign/lipinski.jsp). The result 

showed in Table 3. 
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Table 3. Lipinski Rule of Five Test Results of 7,8-dihydroxyflavone 

Table 4. Binding Affinity Result 

Table 5. Active site, dimension, and docking center grid  

 

Molecular Docking  

The molecular docking test in this study was carried out 

using the Vina Wizard subprogram on the PyRx software 

specifically. This test was conducted to identify the 

molecular interaction between 7,8-DHF ligand on TrkB 

receptor proteins, then the binding affinity value was 

compared with the native ligand for each protein. The 

binding affinity results can be seen in Table 4. 

Protein-ligand Interaction Analysis 

The amino acid residue can be found from the bond analysis 

between protein receptor and the ligand. Molecular docking 

can be used to determine the type and bond strength, and 

compare the bonds with each other. The protein active site 

and docking grid center can be seen in Table 5. 

 

Discussion 

The results of 7.8-DHF pharmacodynamic tests carried out 

on the PASS online site showed that the compound was good 

in stimulating protein tyrosine kinase because the value of 

probable activity (pa) higher probable inactivity (pi), but had 

a low experimental value because has a pa value less than 0.5 

(Table 1). The low pa value could be due to the fact that 7,8-

DHF is a new compound with low biological activity,32 as 

well as research on the effect of 7,8-DHF as a 

neuroprotectant. Pharmacokinetic analysis in this study used 

the PreADMET Online website to analyze the absorption of 

7,8-DHF in the human intestine, the ability to penetrate the 

blood brain barrier (BBB), and its binding to plasma 

proteins.  

The HIA value of 7.8-DHF was 92.63% (Table 2), including 

the high category (70-100%) which indicates that this 

compound can be well absorbed by the intestine. Wang et al. 

(2017) stated that the relationship between oral 

bioavailability and intestinal absorption has been proven by 

many previous studies so that it can be concluded that the 

majority of compounds (64%) are mainly controlled by the 

intestinal absorption process.39 When this compound has a 

high intestinal absorption rate, 7,8-DHF can be well 

absorbed and diffuse passively into the blood vessels which 

will then enter the systemic circulation until it reaches the 

site of action to give the desired effect.40 

The ability of 7,8-DHF to penetrate BBB is in moderate 

category because the value was 0.93 (Table 2). The value 

>2.0 is high category, while 0.1-2.0 is medium category, and 

<0.1 is low category.41 Compounds that can pass through 

BBB are only compounds that dissolve well in fat, so 7.8 

DHF is a fat-soluble. It is known that 7,8-DHF can cross the 

BBB through a diffusion mechanism.40 This study also 

showed the 7,8-DHF ability to bind plasma proteins had 

strong category (> 90%) (Table 2) so that when this 

compound decreases plasma distribution, the presence of 

strong plasma protein binding can replace the reduced 

plasma concentration because 7,8-DHF also has a high rate 

of intestinal absorption.41 The high binding of 7,8-DHF with 

plasma proteins also indicates that 7,8-DHF  can be protected 

from oxidation, minimize toxicity, and increase the half-life 

of these compounds. These results also indicate that the 

binding of 7,8-DHF and plasma proteins is lipophilic so that 

7,8-DHF remains in the blood vessels to reach the site of 

action and does not diffuse to other places.40 According to 

the drug-likeness prediction, 7,8-DHF met all The Lipinski 

Rule criteria with the molecular weight <500 g/mol, 

hydrogen bond donor <5, hydrogen bond acceptor <10, 

lipophilicity (LogP) <5, and molar refractivity between 40-

130 (Table 3). This test is carried out to evaluate the 

similarity of a drug and determine whether a compound with 

pharmacological or biological activity can become orally 

active in humans.42 A compound is categorized as eligible as 

a drug candidate if it meets at least 2 of the 5 criteria.43 

The molecular docking outcomes visualization can be seen 

on Figure 1, showed that protein-ligand interaction with the 

lowest energy bond can affect protein’s biological activity. 

Based on Table 5, the binding affinity value between 4AT5 

and 7.8-DHF is -9.4 Kcal/mol, while the binding affinity for

Compound Molecular weight 
Hydrogen 

bond donor 

Acceptor bond 

donor 
LogP 

Molecular 

Refractility 
Lipinski Rule 

7,8-DHF 254 g/mol 2 4 2.71 69.15 Yes 

Protein Target RSCB ID 
Binding Affinity (Kcal/mol) 

Native Ligand 7,8-DHF 

TrkB 4AT5 cFMS Kinase Inhibitor -5 -9.4 

Glutaminase 5JYO Telaglenastat -5.9 -6.3 

Protein Target Native Ligand Amino Acid Residue Dimension Docking Center Grid 

4AT5 

cFMS Kinase Inhibitor 

Tyr635; Asp710; Phe633 
Leu699; Leu560; Ala586 

Val568; Leu608; Val617 

Lys588; Unk1 
X :10 Å 

Y : 10 Å 

Z : 10 Å 

X : -13.01 

Y : 28.07 

Z : -17.54 

7,8-DHF 

Leu608; Val617; Phe633 

Leu699; Asn697; Phe711 
Asp710 

5JYO 

Telaglenastat 
Lys320; Leu321; Leu323; 
Tyr394; Ala390 

X :17 Å 

Y : 17 Å 
Z : 17 Å 

X : -5.48 

Y : -71.02 
Z : 16.47 7,8-DHF 

Leu321; Phe322; Asp327; 
Tyr394 
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4AT5 with native ligand is -5 Kcal/mol. These results 

indicate that 4AT5 bond with 7,8-DHF are more stable than 

with native ligands. The low binding energy suggests a role 

for 7,8-DHF in the TrkB stimulation and its downstream 

signaling pathways that play a role in neuronal development 

and survival, synaptic plasticity, and anti-apoptotic 

mechanisms.44,45 One study found that 7,8-DHF has a 

neurotrophic effect in monkeys by shielding dopaminergic 

neurons from apoptosis caused by 1-methyl-4-

phenylpyridinium (MPP+)-induced neurotoxicity. The study 

also found that long-term (7 months) therapy with 7.8-DHF 

did not produce toxicity in monkeys at a dose of 30 

mg/kgBW, which is 5 times greater than in rats (5 

mg/kgBW), implying that 7.8-DHF is safe as a possible 

clinical pharmacological agent.46  The activation of TrkB 

receptor also can be induced by administration of 7,8-DHF 

as much as 5 mg/kgBB/day for 5 weeks and show 

neuroprotective properties that decreasing the number of 

degeneration of dopaminergic neuron cells in the subtantia 

nigra and striatum parts of the brain in Parkinson’s Disease 

model mice. This result is obtained from the activation of 

cascade signaling that decrease phospho-MAPK, phospho-

-synuclein and phospho Tau which are typical marker 

protein in Parkinson’s disease.47 

  

a. b. 

Figure 1. Visualization of 3D molecular interaction between 

ligand and TrkB (PDB ID: 4AT5). Interaction with (a) 7.8-DHF; 

(b) Native ligand  

  

a. b. 

Figure 2. Visualization of 3D molecular interaction between 

ligand and Glutaminase (PDB ID: 5JYO). Interaction with (a) 7.8-

DHF; (b) Native ligand 

A study regarding the effect of 7,8-DHF in protecting retina 

after retinal ischemic-reperfusion injury (RIRI) showed that 

levels of NF-kB and phosphorylated NF-kB (pNF-kB) were 

significantly increased in the RIRI condition and recovered 

by 7.8-DHF. In addition, some of the RIRI-induced increases 

in inflammatory factors such as IL-1β, IL-6, TNF-, and IFN-

γ also can be reversed after 7,8-DHF therapy.48 The study 

also showed that the underlying signaling such as pAkt/Akt 

and pErk/Erk is inhibited by RIRI and can be recovered by 

7,8-DHF. Apoptotic-related factors such as Caspase 3 and 

Bax were also elevated in RIRI but were reversed by 7,8-

DHF. Furthermore, 7,8-DHF compounds are able to inhibit 

the activity of prolyl hydroxylase enzymes via the 

PI3K/AKT signaling pathway to activate the HIF-1α gene 

and its underlying signaling pathways to further activate the 

mechanism of adaptation to hypoxia and minimize the 

volume of post-ischemia infarction.49 Akt phosphorylation 

causes activation of Bcl-2, FoxO3a, mTOR, and glycogen 

synthase kinase-3 to inhibit the occurrence of apoptosis.50 

Based on these study, it can be concluded that 7,8-DHF is 

able to activate the BDNF/TrkB signaling pathway and 

reduce the rate of apoptosis.45 

  

a. b. 

Figure 3. Visualization of the bond type formed between ligand 

and TrkB (PDB ID: 4AT5). Interaction with (a) 7.8-DHF; (b) 

Native ligand 

 
 

a. b. 

Figure 4. Visualization of the bond type formed between ligand 

and Glutaminase (PDB ID: 5JYO). Interaction with (a) 7.8-DHF; 

(b) Native ligand 

Figure 2 shows the same results when comparing 7,8-DHF 

to its native ligand in the interaction with Glutamine. 5JYO 

and 7.8-DHF have a binding affinity of -6.3 Kcal/mol, 

whereas 4AT5 with its native ligand has a binding affinity of 

-5.9 Kcal/mol, as shown in Table 5. This shows that 7,8-DHF 

has a higher level of stability than its native ligand. This 

demonstrates that 7,8-DHF is more stable than its natural 

counterpart. The role of 7,8-DHF is to inhibit glutaminase, a 

catalytic enzyme that catalyzes the hydrolysis of glutamine 

to glutamate and is thought to be involved in the formation 

of excitotoxic glutamate in CNS nervous disorders.51 As 

previously stated, the glutamate transporter's activity stops in 

pathological conditions such as ischemia/reperfusion injury 

or aging, and glutamate that is ubiquitous in the extracellular 

can damage the surrounding nervous tissue and cause brain 

cell death due to excitotoxicity.52 Glutamate can binds to 

glutamate receptors and causes Ca2+ to enter the cell lumen. 

The continued increase in intracellular Ca2+ will lead to 

pathological conditions in which cells become over-excited, 

causing the release of harmful substances such as reactive 

oxygen species (ROS), ATPase, endonuclease, proteases, 

and phospholipases, which are Ca2+-dependent degradative 

enzymes. The release of this enzyme will disrupt the cell 
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membrane, allowing more and more harmful chemicals to 

enter the cell, as well as the release of apoptotic signals from 

the mitochondria, which will activate caspase by caspase, 

resulting in cell death. Peri-infarction depolarization is the 

process by which a harmful signal can spread from a dying 

cell to nearby healthy cells. Ischemic spread can occur, 

resulting in decreased perfusion and secondary expansion of 

the infarcted core, potentially involving the penumbral 

area53. Another thing to consider is that controlling glutamate 

release is notoriously difficult. This is due to the fact that 

glutamate release is controlled by six different mechanisms: 

(I) reversal uptake of glutamate transporters in the plasma 

membrane, (ii) opening of anion channels due to cell 

swelling, (iii) Ca2+-dependent exocytosis, and (iv) glutamate 

turnover via the cysteine-receptor antiporter glutamate, (v) 

purinergic ionotropic receptor release, and (vi) functional 

unpaired 'hemichannel' connexons on the cell surface54. Our 

in-silico testing has shown that 7,8-DHF inhibits the 

glutaminase enzyme, which is a key component in glutamate 

synthesis. As a result, it can be concluded that using 7,8-DHF 

reduces glutamate activity by inhibiting glutamate 

production. There have been no studies to our knowledge 

that have looked at the effect of 7,8-DHF on the glutaminase 

enzyme directly, so we hope that these findings will serve as 

a starting point for future research. 

Figure 3 and Figure 4 showed that 7,8-DHF bound to the 

binding domain of the target protein and showing the type of 

chemical interaction. The Pi-Pi T-shaped bond residue 

generally occurs due to the interaction between the phenyl 

ring on the benzene element of the ligand and target 

protein.55 The Pi-Pi T-Shaped type including to hydrophobic 

bond, where this bond is the main contributor to protein 

stability so that the hydrophobic bond is the main 

determinant of the equilibrium folds configuration in various 

proteins.56 The Pi-Alkyl bonds also play a role in the stability 

of the bond structure. Interaction between Pi-Alkyl and Pi-

Sigma can also help stabilize ligand and receptor bonds and 

is known to be able to normalize the dipole moment when 

energy transfer occurs with surrounding amino acids.57 Pi-

Alkyl and Pi-Sigma bonds are also classified as hydrophobic 

bonds. The hydrogen bonds at the residues can also help 

protein stability, but are lower than hydrophobic 

interactions.56 Hydrogen bonds are included in non-covalent 

bonds, where its amount can determine the compound 

lipophilicity and the ability to penetrate BBB which then acts 

at the site of action.58 Our study also shows that there is a van 

der waals bond which also help stabilize the protein and its 

ligands.59 However, we found an unfavorable bump bond on 

the native ligand group at the Unk1 residue on the bond 

between the native ligand and TrkB which could affect the 

stability of the complex because it causes a repulsive force 

between the 2 molecules and atoms.60 Fortunately, we did 

not find this bump bond in the binding between 7,8-DHF and 

the target protein. 

 

Conclusion  

The 7,8-DHF compound has a neuroprotective effect by 

enhancing downstream signaling pathways that lead to 

increased TrkB expression, which triggers protective 

mechanisms, and inhibiting glutaminase enzyme, which 

reduces glutamate expression and toxicity. 

 

Acknowledgement  

The authors thank all the Biomedical Laboratory staff of 

Brawijaya University for their excellent assistance during 

this study. 

Conflict of Interest 

The authors declare that there is no conflict of interest.  

 

References  

1. Anderson D, Larson D, Ferguson A, Klaas J, Kushner 

F, Peterson B, Sierzant T, Streib C, Thomson R. 

Diagnosis and Initial Treatment of Ischemic Stroke 12th 

edition; 2019. Available from: 

https://www.icsi.org/wp-

content/uploads/2019/07/ICSI_Stroke_June2019_v2.p

df 

2. World Stroke Organization. Global Stroke Fact Sheet. 

World Stroke Organization; 2019. Available from: 

https://www.world- 

stroke.org/assets/downloads/WSO_Global_Stroke_Fa

ct_Sheet.pdf. 

3. Sacco RL, Kasner SE, Broderick JP, Caplan LR, 

Connors JJ (Buddy), Culebras A, Elkind MSV, George 

MG, Hamdan AD, Higashida RT, Hoh BL, Janis LS, 

Kase CS, Kleindorfer DO, Lee JM, Moseley ME, 

Peterson ED, Turan TN, Valderrama AL, Vinters HV. 

An updated definition of stroke for the 21st century: a 

statement for healthcare professionals from the 

American Heart Association/American Stroke 

Association. Stroke; 2013. (44): 2064–2089.  

DOI: 10.1161/STR.0b013e318296aeca 

4. Balaguru T. Effectiveness of Comprehensive Nursing 

Rehabilitation Programme of Life among Patient with 

Post – Acute Stroke – Pilot Study. Int. J. Nur. Edu. 

and Research; 2016. 4(4): 431-436. 

DOI: 10.5958/2231–5713  

5. Kaplan W, Wirtz VJ, Teeuwisse AM, Stolk P, Duthey 

B, Laing R. Priority medicines for Europe and the 

world 2013 update. World Health Organization; 2013. 

6. Chamorro Á, Dirnagl U, Urra X, Planas AM. 

Neuroprotection in acute stroke: Targeting 

excitotoxicity, oxidative and nitrosative stress, and 

inflammation. The Lancet Neurology; 2016. 15: 869–

881. DOI: 10.1016/S1474-4422(16)00114-9 

7. Khoshnam SE, Winlow W, Farzaneh M, Farbood Y, 

Moghaddam HF. Pathogenic mechanisms following 

ischemic stroke. Neurol Sci; 2017. 38:1167–1186. 

DOI: 10.1007/s10072-017-2938-1 

8. Ding L, Xu X, Li C, Wang Y, Xia X, Zheng JC. 

Glutaminase in microglia: A novel regulator of 

neuroinflammation. Brain, Behavior, and Immunity; 

2021. 92: 139–156. DOI: 10.1016/j.bbi.2020.11.038 

9. You J, Feng L, Xin M, Ma D, Feng J. Cerebral ischemic 

postconditioning plays a neuroprotective role through 

regulation of central and peripheral glutamate. BioMed 

Research International; 2018. 2018:1–12.  

DOI: 10.1155/2018/6316059 

10. Majid A. Neuroprotection in stroke: Past, present, and 

future. ISRN Neurol; 2014. 2014: 1–17.  

DOI: 10.1155/2014/515716

https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1016/S1474-4422(16)00114-9
https://doi.org/10.1007/s10072-017-2938-1
https://doi.org/10.1016/j.bbi.2020.11.038


Page 149 of 7 
 

 

MNJ (Malang Neurology Journal) Vol. 9, No. 2, July 2023 

11. Bang OY. Neuroprotective strategies for acute 

ischemic stroke: Recent progress and future 

perspectives. Precis. Future Med; 2017. 1:115–121. 

DOI: 10.23838/pfm.2017.00149 

12. Liaw N & Liebeskind D. Emerging therapies in acute 

ischemic stroke. F1000Research; 2020. 9:546.  

DOI: 10.12688/f1000research.21100.1 

13. Mehta A, Mahale R, Buddaraju K, Javali M, Acharya 

P,  Srinivasa R. Efficacy of neuroprotective drugs in 

acute ischemic stroke: Is it helpful? Journal of 

Neurosciences in Rural Practice; 2019. 10(04):576–

581. DOI: 10.1055/s-0039-1700790 

14. Beretta S, Cuccione E, Versace A, Carone D, Riva M, 

et al. Cerebral collateral flow defines topography and 

evolution of molecular penumbra in experimental 

ischemic stroke. Neurobiol. Dis; 2015. 74: 305–313. 

DOI: 10.1016/j.nbd.2014.11.019 

15. Liu W, Wang X, O’Connor M, Wang G, Han F. Brain-

derived neurotrophic factor, and its potential 

therapeutic role in stroke comorbidities. Neural Plast; 

2020. 2020: 1–13. DOI: 10.1155/2020/1969482 

16. Thomas P. Jeyarani SV. Choephel T. Manisha C and 

Antony J. Recent based remedies for alzheimer’s 

disease, parkinson’s disease and cerebral ischemic 

stroke. Research J. Pharm. And Tech; 2019. 12(8): 

3951-3959. DOI: 10.5958/0974-360X.2019.00681.4 

17. Chen A, Xiong LJ, Tong Y, Mao M. The 

neuroprotective roles of BDNF in hypoxic ischemic 

brain injury. Biomed. Rep; 2013. 1: 167–176.  

DOI: 10.3892/br.2012.48 

18. Jha SK, Jha NK Kar R, Ambasta RK, Kumar P. p38 

MAPK and PI3K/AKT Signalling Cascades in 

Parkinson's Disease. Int J Mol Cell Med; 2015. 4: 67-

86. PMID: 26261796; PMCID: PMC4499569  

19. Amalia L, Sadeli HA, Parwati I, Rizal A and Panigoro 

R. Hypoxia-inducible factor-1α in acute ischemic 

stroke: Neuroprotection for better clinical outcome. 

Heliyon; 2020. 6(6): e04286. 

20. Chen J, Chua KW, Chua CC, Yu H, Pei A, Chua BHL, 

Hamdy RC, Xu X, Liu CF. Antioxidant activity of 7,8-

dihydroxyflavone provides neuroprotection against 

glutamate-induced toxicity. Neurosci. Lett; 2011. 499: 

181–185. DOI: 10.1016/j.neulet.2011.05.054  

21. Govindammal M. Prasath M. Sathya B and 

Selvapandiyan M. Investigation on the binding 

interaction between clompramine and doxepin with 

leut by molecular docking analysis. Asian J. Research 

Chem; 2017. 10(4): 486-490. DOI: 10.5958/0974-

4150.2017.00079.7 

22. Ravi NP, Urviben YP, Kiran MP, Jimit SP, Ankit DP, 

Dhrubo JS. Latest strategy of medicinal chemistry 

implements in-silico after in-vivo and in-vitro. Asian 

J. Research Chem; 2011. 4(2): 167-180. 

23. Ahmed SS, Chandra PK, Tabassum S, Salma N and 

Ahalya DKH. Pharmacognostical and pharmacological 

review on tridax procumbens linn. Res.J. 

Pharmacology and Pharmacodynamics; 2019. 11(1): 

11-16. DOI: 10.5958/2321-5836.2019.00003.X 

24. Khaerunnisa S, Suhartati, Awaluddin R. Penelitian In 

Silico untuk Pemula. Airlangga University Press. 

Surabaya; 2020. 

25. Pinzi L & Rastelli G. Molecular docking: shifting 

paradigms in drug discovery. International Journal of 

Molecular Sciences; 2019. 20: 4331.  

DOI: 10.3390/ijms20184331 

26. Simon JP, Kappagantu, Thripureshwari V, Dasgupta T, 

Kumari U and Sabina EP. In silico approach to predict 

the potential binding affinity of the active ingredient of 

the macrotyloma uniflorum seed against orphan nuclear 

receptor. Research J. Pharm. And Tech; 2021. 14(2): 

694-700. DOI: 10.5958/0974-360X.2021.00122.0  

27. Kulkarni SA, Nagarajan SK, Ramesh V, Palaniyandi V, 

Selvam SP and Madhavan T. Computational evaluation 

of major components from plant essential oils as potent 

inhibitors of SARS-COV-2 Spike Protein. Journal of 

Molecular Structure; 2020. 1221: 128823.  

28. Shivanika C, Deepak KS, Ragunathan V, and Tiwari. 

Molecular Docking, Validation, Dynamics 

Simulations, and Pharmacokinetic Prediction of 

Natural Compounds Against the SARS-Cov-2 Main-

protease. Journal of Biomolecular Structure and 

Dynamics; 2020. pp 1–27. 

29. Huang H, Chu CL, Chen L and Shui D. Evaluation of 

potential inhibitors of squalene synthase based on 

virtual screening and in vitro studies. Computational 

Biology and Chemistry; 2019. 80: 390–397.  

30. Jenifer D, Sinclair BJ, Shanmugasundaram S. Dietary 

Flavonoids as Competitive Inhibitors of Covid 19 

Major Protease. Res. J. Pharmacognosy and 

Phytochem; 2020. 12(4):261-266. DOI: 10.5958/0975-

4385.2020.00043.6 

31. Yueniwati Y, Syaban MFR, Erwan NE, Putra GFA and  

Krisnayana AD. Molecular Docking Analysis of Ficus 

religiosa Active Compound with Anti-Inflammatory 

Activity by Targeting Tumour Necrosis Factor Alpha 

and Vascular Endothelial Growth Factor Receptor in 

Diabetic Wound Healing. Open Access Maced J Med 

Sci; 2021. 9(A):1031-6.  

DOI: 10.3889/oamjms.2021.7068 

32. Kumarachari R, Peta S, Surur A and Mekonnen Y. 

Synthesis, characterization and in silico biological 

activity of some 2-(N,N-dimethyl guanidinyl)-4,6-

diaryl pyrimidines. Journal of Pharmacy and Bioallied 

Sciences; 2016. 8:181. 

33. Ferreira L, dos Santos R, Oliva G and Andricopulo A. 

Molecular docking and structure-based drug design 

strategies. Molecules; 2015. 20:13384–13421 

34. Rithiga SB & Shanmugasundaram S. virtual screening 

of pentahydroxyflavone – A potent COVID major 

protease inhibitor. Asian J. Res. Pharm. Sci; 2021. 

11(1):7-14. DOI: 10.5958/2231-5659.2021.0002.3 

35. Pawar SS & Rohane SH. Review on discovery studio: 

An important tool for molecular docking. Asian J. 

Research Chem; 2021. 14(1):86-88.  

DOI: 10.5958/0974-4150.2021.00014.6 

36. Syaban MFR, Erwan NE, Syamsuddin MRR, Zahra FA 

and Sabila FL. Molecular docking approach of viscosin 

as antibacterial for methicillin-resistant staphylococcus 

aureus via β-lactamase inhibitor mechanism. Clinical 

and Research Journal in Internal Medicine; 2021. 

2(2):186-191. DOI: 10.21776/ub.crjim.2021.002.02.4  

37. Yuan S, Chan HCS and Hu Z. Using PYMOL as a 

platform for computational drug design. WIREs 

Computational Molecular Science; 2017. 7(2).  

https://doi.org/10.1155/2020/1969482
https://doi.org/10.3892/br.2012.48
https://doi.org/10.3390/ijms20184331


Page 150 of 7 
 

 

MNJ (Malang Neurology Journal) Vol. 9, No. 2, July 2023 

DOI: 10.1002/wcms.1298 

38. Syaban MFR, Rachman HA, Arrahman AD, Hudayana 

N, Khamid JP and Pratama FA. Allium Sativum as 

antimalaria agent via falciapin protease-2 inhibitor 

mechanism: Molecular docking perspective. Clinical 

and Research Journal in Internal Medicine; 2021. 2: 

130-135.  

39. Wang NN, Huang C, Dong J, Yao ZJ, Zhu MF, Deng 

ZK, Lv B, Lu AP, Chen AF, Cao DS. Predicting Human 

Intestinal Absorption with Modified Random Forest 

Approach: A comprehensive evaluation of molecular 

representation, unbalanced data, and applicability 

domain issues. RSC Adv; 2017. 7:19007–19018.  

DOI: 10.1039/C6RA28442F 

40. Gunawan SG. Farmakologi dan Terapi. Balai Penerbit 

FKUI. Jakarta. 2017. Vol. 6. 

41. Oyesakin YM, George DE, Fadare RY, Idris AY, 

Fadare OA. Molecular docking and in-silico adme 

prediction of substituted (E)-4-Styryl-7,8-

dihydroquinazolin-5(6H)- ones and 5-((E)-

Styryl)pyrimidine[4,5-d]pyrimidine- 2,4(1H,3H)-

diones as potential SERT inhibitors and 

antidepressants. American Journal of Pharmacological 

Sciences; 2018. 6:25–32. 

42. Attique S, Hassan M, Usman M, Atif R, Mahboob S, 

Al-Ghanim K, Bilal M, Nawaz M. A molecular 

docking approach to evaluate the pharmacological 

properties of natural and synthetic treatment candidates 

for use against hypertension. IJERPH; 2019. 16:923. 

DOI: 10.3390/ijerph16060923 

43. Jayaram B, Singh T, Mukherjee G, Mathur A, Shekhar 

S, Shekhar V. Sanjeevini: A freely accessible web-

server for target directed lead molecule discovery. 

BMC Bioinformatics; 2012. 13(17):S7.  

DOI: 10.1186/1471-2105-13-S17-S7 

44. Kowiański P, Lietzau G, Czuba E, Waśkow M, Steliga 

A, Moryś J. BDNF: A key factor with multipotent 

impact on brain signaling and synaptic plasticity. Cell 

Mol Neurobiol; 2018. 38:579–593.  

45. Wurzelmann M, Romeika J, Sun D. Therapeutic 

potential of brain-derived neurotrophic factor (BDNF) 

and a small molecular mimics of BDNF for traumatic 

brain injury. Neural Regen Res; 2017. 12:7.  

46. He J, Xiang Z, Zhu X, Ai Z, Shen J, Huang T, Liu L, Ji 

W, Li T. Neuroprotective effects of 7, 8-

dihydroxyflavone on midbrain dopaminergic neurons 

in MPP+-treated monkeys. Sci Rep; 2016. 6:34339. 

DOI: 10.1038/srep34339 

47. Nie S, Ma K, Sun M, Lee M, Tan Y, Chen G, Zhang Z, 

Zhang Z, and Cao X. 7,8-Dihydroxyflavone protect 

nigrostriatal dopaminergic neurons from rotenone-

induced neurotoxicity in rodents. Parkinson’s Disease; 

2019. 2019:1-10. DOI: 10.1155/2019/9193534 

48. Yu A, Wang S, Xing Y, Han M, Shao K. 7,8-

Dihydroxyflavone alleviates apoptosis and 

inflammation induced by retinal ischemia-reperfusion 

injury via activating TrkB/Akt/NF-kB signaling 

pathway. Int. J. Med. Sci; 2022. 19:13–24.  

DOI: 10.7150/ijms.65733 

49. Kurniawan DB, Syaban MFR, Mufidah A, Zulfikri 

MUR, Riawan W. Protective effect of saccharomyces 

cerevisiae in rattus norvegicus ischemic stroke model. 

Research J. Pharm. And Tech; 2021. 14(11):5785-5789 

50. Zhang Z, Yao L, Yang J, Wang Z and Du G. PI3K/Akt 

and HIF‑1 signaling pathway in hypoxia‑ischemia 

(review). Molecular Medicine Reports; 2018.  

DOI: 10.3892/mmr.2018.9375 

51. Thomas A G, O’Driscoll CM, Bressler J, Kaufmann 

WE, Rojas CJ & Slusher BS. Small molecule 

glutaminase inhibitors block glutamate release from 

stimulated microglia. Biochemical and Biophysical 

Research Communications; 2014. 443(1):32–36.  

DOI: 10.1016/j.bbrc.2013.11.043 

52. Milewski K, Bogacińska-Karaś M, Hilgier W, Albrecht 

J & Zielińska M. TNFα increases STAT3-mediated 

expression of glutaminase isoform KGA in cultured rat 

astrocytes. Cytokine; 2019. 123:154774. 

DOI: 10.1016/j.cyto.2019.154774 

53. Belov KD, Kriska J, Tureckova J & Anderova M. 

Ischemia-triggered glutamate excitotoxicity from the 

perspective of glial cells. Frontiers in Cellular 

Neuroscience; 2020. 14:51. 

54. Chen TJ & Kukley M. Glutamate receptors and 

glutamatergic signalling in the peripheral nerves. 

Neural Regeneration Research; 2020. 15(3):438.  

DOI: 10.4103/1673-5374.266047 

55. Zhao Y, Li J, Gu H, Wei D, Xu Y, Fu W, Yu Z. 

Conformational preferences of π–π stacking between 

ligand and protein, analysis derived from crystal 

structure data geometric preference of π–π interaction. 

Interdiscip Sci Comput Life Sci; 2015. 7:211–220. 

DOI: 10.1007/s12539-015-0263-z 

56. Pace CN, Fu H, Fryar KL, Landua J, Trevino SR, 

Shirley BA, Hendricks MM, Iimura S, Gajiwala K, 

Scholtz JM, Grimsley GR. Contribution of 

hydrophobic interactions to protein stability. Journal of 

Molecular Biology; 2011. 408:514–528.  

DOI: 10.1016/j.jmb.2011.02.053 

57. Arthur DE & Uzairu A. Molecular docking studies on 

the interaction of nci anticancer analogues with human 

phosphatidylinositol 4,5-bisphosphate 3-kinase 

catalytic subunit. Journal of King Saud University – 

Science; 2019. 31:1151–1166.  

58. Bernaldez MJA, Billones JB, Magpantay A. In silico 

analysis of binding interactions between GSK983 and 

human DHODH through docking and molecular 

dynamics. Presented at the 4TH Electronic and Green 

Materials International Conference 2018 (EGM 2018), 

Bandung, Indonesia; 2018. p. 020073.  

DOI: 10.1063/1.5080886 

59. Bare Y, Maulidi A, Sari D, Tiring S. Prediction 

potential of 6-gingerol as c-Jun N-terminal kinases 

(JNK): In silico approach. Jurnal Jejaring Matematika 

dan Sains; 2019. 1: 59–63. 

60. Nabil, Alam R, Rahman Q, Islam, Noor. In silico 

molecular docking study of some already approved 

antiviral drugs, vitamins and phytochemical 

components against RNA dependent RNA polymerase 

of Sars-Cov-2 Virus. Journal of Applied 

Bioinformatics and Computational Technology; 2020. 

9:1–11.  

https://doi.org/10.1002/wcms.1298
https://doi.org/10.1039/C6RA28442F
https://doi.org/10.1186/1471-2105-13-S17-S7
https://doi.org/10.1155/2019/9193534
https://doi.org/10.7150/ijms.65733
https://doi.org/10.3892/mmr.2018.9375
https://doi.org/10.1016/j.bbrc.2013.11.043
https://doi.org/10.4103/1673-5374.266047
https://doi.org/10.1007/s12539-015-0263-z
https://doi.org/10.1016/j.jmb.2011.02.053
https://doi.org/10.1063/1.5080886

