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A B S T R A C T   

Intracerebral hemorrhage (ICH) refers to severe stroke subtype that may be life-threatening or even cause death. 
It is clinically observed that coronavirus disease 2019 (COVID-19) may be associated with the high mortality in 
ICH patients. Ferulic acid, one of the functional bioactive ingredients from medicinal herbs, has been preclini
cally proven with beneficial activities, including neuroprotection and anti-inflammation actions. Based on cur
rent findings, we assumed that ferulic acid may play the potentials against COVID-19 when ICH. In this study, 
preclinical approach including network pharmacology and molecular docking was applied to detect and identify 
the core targets and pharmacological mechanisms involved in ferulic acid on COVID-19 and ICH. The network 
pharmacology analysis identified total eleven core targets in ferulic acid and COVID-19/ICH. The molecular 
mechanisms of ferulic acid against COVID-19 and ICH were mostly involved in induction of antiviral activity, 
modulation of inflammatory reaction. Molecular docking model revealed that ferulic acid might effectively bind 
to epidermal growth factor receptor (EGFR) protein based on strong binding capability. Current findings re
flected the preclinical pharmacological activities of ferulic acid that might use for management of COVID-19 and 
ICH. Although there are the limitations that are absence of experimental validation, these bioinformatic results 
underline that ferulic acid may exert simultaneous potentials against COVID-19 and ICH through modulating 
integrative mechanisms and key biotargets.   

1. Introduction 

Intracerebral hemorrhage (ICH) is a parenchyma lesion in the brain, 
characterized with neurological dysfunction and complications (Manno, 
2012). ICH can induce increased risk of developing stroke and result in 
up to 50% mortality when there is no timely treatment (Xue and Yong, 
2020). ICH is the clinical manifestation that can lead to secondary brain 
lesion and neurological disorder (Watson et al, 2022). It is clinically 
reported that the recurrence of ICH is high as severe comorbidity may 
cause mid- or long-term death rate (Poon et al, 2014). Thus, the medical 
guidelines of ICH aim to reduction of bleeding, hematoma size, blood 
pressure and neuroinflammation in the brain. In clinical treatment, drug 
therapy such as tranexamic acid or hemostatic drugs have certain 
therapeutic effectiveness and then other adverse effects may occur 

inevitably (Powers et al, 2018). In the past few years, COVID-19 has 
impacted world human health thoroughly due to virus variation, 
imperfect vaccination, and absence of specific medicine (Li et al, 2022a). 
In clinical observation, COVID patients may detect with ICH because 
intracerebral angiotensin-converting enzyme 2 receptor (ACE2) is dis
rupting by SARS-CoV-2 infection, and thus hypertension, coagulopathy, 
disseminated intravascular coagulation may occur (Osman et al, 2023). 
We significantly reasoned that newly explored effective agents against 
ICH and COVID-19 are imperative before further clinical trial, such as 
natural compounds from medicinal herbs or Traditional Chinese medi
cine (TCM). Some clinical findings demonstrate that TCM may facilitate 
hematoma dissolution and then meliorate ICH-caused symptoms (DU et 
al, 2021). TCM has exerted an exceptional effectiveness to relieve 
COVID-19 in China when mass epidemic period (Li et al, 2022b). It can 
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be speculated that TCM-isolated effective functional ingredients may be 
potential for the treatment of ICH and COVID-19. Recent studies have 
provided compelling evidence of neuroprotective properties in func
tional ingredients. Syringic acid may be a therapeutic compound for the 
treatment of Parkinson’s disease in vivo through exerting anti-oxidant 
and anti-inflammatory actions for neuroprotection (Güzelad al, 2021). 
Besides, syringic acid may improve neurological and behavioral func
tions for the potential treatment of neurological disorder (Ogut et al, 
2022). Ferulic acid, a bioactive compound rich in Chinese herbs, has 
been associated with the promising health benefits, such as preventing 
cerebral ischemia/reperfusion injury (Liu et al, 2023), and anti- 
neurological disease (Zhou and Dong, 2023). Preclinical study shows 
that ferulic acid exerts neuroprotective effect against neuro
inflammation via inactivating the expression of NACHT, LRP and PYD 
domains-containing protein 3 (NLRP3) inflammasome. Additionally, 
ferulic acid may be potential for reducing depressive-like behaviour 
through inhibiting neuroinflammation and enhancing neuroprotection 
(Mallik et al, 2023). Interestingly, our previous study using bioinfor
matics findings uncover the potential therapeutic targets and molecular 
mechanisms of ferulic acid against traumatic brain injury (Dong et al, 
2022). Ferulic acid suppresses the replication of porcine parvovirus 
possibly via regulating apoptosis-dependent pathway (Ma et al, 2020). 
Other preclinical reports indicate that ferulic acid may play potential 
treatment for COVID-19 and osteosarcoma characterized with 
autophagy-associated targets and signalling mechanisms (Pang et al, 
2022). Taken together, we conclude that ferulic acid may have the 
pharmacological activity for the treatment of ICH and COVID-19. 
Notably, it is increasingly popular to reveal the therapeutic targets 
and mechanism of bioactive compounds isolated TCM and other agents 
against clinical disorders through application of network pharmacology 
approach, such as extract of Tinospora cordifolia Miers against encepha
litis (Tiwari et al, 2023), abscisic acid against Japanese encephalitis 
virus (Bhimaneni et al, 2022), auranofin against bacterial infection 
(Sharma et al, 2021). Thus, in this study, we aimed to identify the 
pharmacological actions and targets, as well molecular mechanisms of 
ferulic acid against ICH and COVID-19 via bioinformatics determination 
including network pharmacology and molecular docking model before 
virtual validation and clinical experiment. 

2. Materials and methods 

2.1. Identification of ferulic acid, COVID-19, ICH-related targets 

The Drugbank (https://www.drugbank.ca), Swiss Target Predicition 
(https://www.swisstargetprediction.ch) databases were used to obtain 
the potential targets of ferulic acid. The Drugbank (https://go.drugbank. 
com/), Online Mendelian Inheritance in Man (OMIM, https://omim.org) 
and Therapeutic Target Database (https://db.idrblab.net/ttd/) by using 
the “intracerebral hemorrhage”, “COVID-19”, “Coronavirus disease 
2019” followed by screening with the term of “Homo sapiens” were 
evaluated, and the repetitive targets were excluded. Subsequently, all 
identified targets associated with ferulic acid, COVID-19, ICH were 
further mapped by using Venn platform (Jia et al, 2021). The intersec
tion genes were selected and identified as candidate targets among 
ferulic acid, COVID-19 and ICH. 

2.2. Protein–protein interaction (PPI) network construction 

Cytoscape software (https://cytoscape.org) was employed to estab
lish a target network of PPI, and the minimum interaction value was 
designed as “medium confidence > 0.09”. The “Network Analyzer” 
plugin was applied to determine the degree value of identified genes, in 
which the node and color settings were expressed with larger and deeper 
degree values, respectively. Furthermore, the core targets were screened 
via the larger degree values, in which the identifying standard was 
greater than two times the median of the degree value for screening 

(Majeed and Mukhtar, 2023). 

2.3. Detection of gene ontology (GO) function and kyoto encyclopedia of 
genes and genomes (KEGG) pathway enrichment 

The “GOplot” package in R-software was subjected to investigate all 
screened core genes for respective assays of GO function and KEGG 
pathway. By use of the P less than 0.05 as calculative criterion, the GO 
functional annotations and KEGG enrichment pathways involved in core 
genes were validated computationally. In addition, the R-software was 
applied to visually present the enrichment findings for different figures 
(Wu et al, 2021). 

2.4. Integrated visualization of network relationship 

The Cytoscape software (https://cytoscape.org) was used to 
construct and characterize the interaction and function of all core tar
gets in GO and KEGG network findings for comprehensively revealing 
the pharmacological mechanism of ferulic acid in the treatment of ICH 
and COVID-19 (Chen et al, 2021). 

2.5. Molecular docking study 

The chemical structure of ferulic acid was downloaded from Pub
Chem dataset (https://pubchem.ncbi.nlm.nih.gov/). The Protein Data 
Bank (PDB, https://www.pdbus.org) was used to present the crystal 
structure of the core protein of EGFR. Crystal EGFR was modified 
through the AutoDock Vina (Maya, 2023) program to exclude water 
molecules, add hydrogen atoms before being saved the data as pdbqt 
files. Then Pymol software (Al-Ahmary et al, 2014) was used to score out 
the unrelated small molecule. The ferulic acid molecule was energy 
minimized via ChemBio3D (Abdelrehim et al, 2020) and was used as 
target ligand or receptor, characterized with the grid box’s center 
location, length, width, and height. Finally, Pymol software was applied 
to characterize the energetically favored binding conformation of ligand 
in the active site of the core protein of EGFR. 

3. Results 

3.1. Candidate, interaction targets of ferulic acid, COVID-19 and ICH 

After being screened by bioinformatics analysis, a total of 184 targets 
were identified to interact with ferulic acid, and another 2624 targets 
were identified to interact with COVID-19, as well as other 403 targets 
were identified to interact with ICH. The interaction targets of ferulic 
acid, COVID-19 and ICH were acquired through Venn diagram analysis. 
And then total 11 interaction targets of ferulic acid for the treatment of 
COVID-19 and ICH were ascertained, and these interaction targets were 
characterized with relevancy. The Venn analysis and analytical diagram 
is presented in Fig. 1. 

3.2. Target network construction and core target identification 

To characterize network topology findings, a PPI network involved 
in 11 interaction targets of ferulic acid, COVID-19 and ICH was estab
lished. In this diagram, the target clusters in the correlative network 
resulted in 6 core genes in ferulic acid against COVID-19 and ICH, 
including EGFR, intercellular adhesion molecule 1 (ICAM1), angiotensin 
converting enzyme 2 (ACE), F3, Toll-like receptor 4 (TLR4), nitric oxide 
synthase 3 (NOS3). These core targets were shown in Fig. 2. 

3.3. Findings of GO and KEGG enrichment analysis 

As revealed in Fig. 3, GO-based enrichment findings were assigned as 
three main sections, including biological process (BP), molecular func
tion (MF), and cellular component (CC). Dissimilar categories of BP, MF, 

Q. Dong et al.                                                                                                                                                                                                                                    

https://www.drugbank.ca
https://www.swisstargetprediction.ch
https://go.drugbank.com/
https://go.drugbank.com/
https://omim.org
https://db.idrblab.net/ttd/
https://cytoscape.org
https://cytoscape.org
https://pubchem.ncbi.nlm.nih.gov/
https://www.pdbus.org


Current Research in Toxicology 5 (2023) 100123

3

and CC were characterized and colored accordingly in bar chart (Fig. 3A 
and C) and bubble chart (Fig. 3B). The enrichment data indicated that 
top 20 biological functions involved in GO annotations were charac
terized and illustrated the potential use of ferulic acid in the treatment of 
COVID-19 and ICH. To further demonstrate the molecular mechanism of 
ferulic acid against COVID-19 and ICH, we performed KEGG pathway 
enrichment assay with core targets to identify the KEGG signaling 

pathways (P < 0.05). The classification bubble diagram of KEGG find
ings was indicated in Fig. 4. The top 20 signaling pathways included 
advanced glycation end product (AGE)- receptor of AGE (RAGE) 
signaling pathway in diabetic complications, hypoxia-inducible factor-1 
(HIF-1) signaling pathway, Lipid and atherosclerosis, Coronavirus 
disease-COVID-19, Malaria, phosphatidylinositol 3-kinase (PI3K)-Akt 
signaling pathway, Programmed death ligand 1 (PD-L1) expression and 
Programmed death 1 (PD-1) checkpoint pathway in cancer, Rheumatoid 
arthritis, Chagas disease, Nuclear factor-kappa B (NF-kappa B) signaling 
pathway, Relaxin signaling pathway, Estrogen signaling pathway, Fluid 
shear stress and atherosclerosis, Oxytocin signaling pathway, Influenza 
A. In a word, integrated bioinformatics findings in current report were 
characterized and visualized in Fig. 5. 

3.4. Findings of molecular docking 

Firstly, core target proteins were evaluated before being used for 
molecular docking validation, and the EGFR protein (PDB ID:4LQM) 
was screened out for further analysis. By using active cavity box model, 
ferulic acid was determined to bind the active pocket of EGFR protein. 
As a result, ferulic acid molecule formed hydrogen bonds with 4LQM 
residue on EGFR, including MET-793 (2.3 Å), ASP-855 (2.3 Å), THR-854 
(2.4 Å). And the binding energy within ferulic acid and EGFR was − 5.9 
kJ/mol, implying the effective binding ability between them. The mo
lecular docking results were displayed in Fig. 6. 

4. Discussion 

During the epidemic of COVID-19, vaccine treatment has achieved 
great benefits against SARS-CoV-2. However, certain potential side- 
effects have been reported, such as allergic and anaphylactic 

Fig. 1. Venn diagram analysis visualized the candidate genes including respective, correlative targets in ferulic acid, COVID-19, ICH. And the correlative target 
network was characterized. 

Fig. 2. Identification of core targets in ferulic acid in the potential treatment of 
COVID-19 and ICH, including EGFR, ICAM1, ACE, F3, TLR4, NOS3. 
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reactions, thrombocytopenia, autoimmunity disorder (Lamprinou et al, 
2023). In addition to the use of vaccine, the chemotherapy using anti
viral drug, kinase inhibitors, and neutralizing antibody is prescribed 
clinically (Yuan et al, 2023). In pathological features, the SARS-CoV-2 
infection may cause multiple organ injuries due to pneumonia, sys
temic inflammation, including cerebrovascular complications (Hingor
ani KS, Bhadola, 2023). It is clinically reported that COVID-19 patient 
may develop the SARS-CoV-2-caused neurological complications 
including encephalitis or meningitis (Huo et al, 2021), indicating that 
effective and timely therapy is urgently needed. Thus, it is of great sig
nificance to explore bioactive agent, especially natural ingredient, 
against neurological symptoms in COVID-19. After severe SARS-CoV-2 
infection, neurological disorders induced by neurovirulence may 
occur, such as ICH, ageusia, anosmia (Aghagoli et al, 2021). A narrative 
review suggests that incidence of primary and secondary ICH is detected 

in COVID-19 patients, and it may conclude that SARS-CoV2 infection 
can lead to ICH (Margos et al, 2021). Compared to non-SARS-CoV2 
infection, COVID-19 and ICH patients may present greater mortality 
owing to higher mortal comorbidities and adverse events (Qureshi et al, 
2022). The underlying pathological mechanism may be involvement 
with SARS-CoV-2 binding to ACE II receptors in cerebral vasculature 
resulting in overactive immune response (Fayed et al, 2020). Therefore, 
we aim to further screen and develop candidate bioactive ingredient in 
the potential application against COVID-19 and ICH. Ferulic acid, a 
neuroprotective phytochemical, has exerted anti-inflammatory activity 
for protective action against nerve injury (Jiang et al, 2021). In phar
macokinetic analysis in vivo using ultra-high performance liquid chro
matography approach, the data show that the peak concentration of 
ferulic acid is 27.50 min under 0.199 mg/L. The elimination half-life and 
area under the concentration–time curve of ferulic acid are 14.835 μg 
min/mL in 131.27 min. The absorption constant and volume of distri
bution of ferulic acid are (0.524 ± 0.157) min− 1 and (11713 ± 7618.68) 
L/kg. The results of pharmacokinetic profiles of ferulic acid suggest that 
ferulic acid is rapidly absorbed and distributed (Qiu et al, 2011). 
Notably, ferulic acid has garnered attention due to its pronounced 
neuroprotective attributes. Emerging research suggests ferulic acid’s 
capacity to mitigate cellular damage and bolster the resilience of the 
nervous system against detrimental factors (Thapliyal et al, 2021). 
Preliminary investigations have suggested a putative role for ferulic acid 
in mitigating the impact of the viral infection, although comprehensive 
studies are still warranted to establish its therapeutic efficacy defini
tively. A comprehensive analysis using molecular docking, molecular 
dynamics indicates inhibitory potential of ferulic acid derivatives 
against the main protease (Mpro) of SARS-CoV-2 (Antonopoulou et al, 
2022). Some of ferulic acid derivatives have been found with promising 
anti-viral activity against SARS-CoV2, characterized with the inhibition 
of viral replication of SARS-CoV2 by 82% (Pasquereau et al, 2022). In 
the current study, results from network pharmacology analysis ascer
tained total eleven intersection targets among ferulic acid, COVID-19 
and ICH. To further integrate functional relevancy within intersection 
genes, the PPI network characterized protein–protein interactions 
before further identified all core targets based on degree value 

Fig. 3. The GO functional enrichment annotations of core targets in bar diagram and bubble chart, including biological process (A), molecular function (B), and 
cellular component (C). 

Fig. 4. The classification bubble chart of KEGG signaling pathways was 
characterized. 
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assessment, and the core targets included EGFR, ICAM1, ACE, F3, TLR4, 
NOS3. These core genes might act as the pharmacological targets in 
ferulic acid against COVID-19 and ICH before functional verification of 
the biological features in these core genes. Further drug combination 
using ferulic acid and medicine targeted core proteins may be optimized 
for clinical treatment of COVID-19 and ICH. Additionally, GO and KEGG 
functional assays were conducted to reveal the molecular mechanisms of 
ferulic acid against COVID-19 and ICH. We integrated signaling path
ways from core targets-based annotations. Among current pathways 
including Coronavirus disease-COVID-19, and Influenza A were chiefly 
implicated in viral infectious disorders, implying that ferulic acid might 
possess a potential antiviral mechanism against COVID-19. Other mo
lecular pathways, including phosphatidylinositol 3-kinase (PI3K)-Akt 
signaling pathway and NF-kappa B signaling pathway should be char
acterized accordingly in current enrichment analysis. It is reported that 
the nuclear factor kappaB (NF-κB) pathway relates to release of proin
flammatory cytokines induced by infection (Yu et al, 2022). The PI3K/ 
AKT signaling pathway is found with positive involvement in inflam
mation development (He et al, 2022). Collectively, it is surmised that 
cytokine storm is one of the leading causes of COVID-19 patients with 
ICH. Thus, anti-viral and anti-inflammatory functions may be involved 
in the preliminary beneficial mechanism in ferulic acid in the treatment 
of COVID-19 and ICH. As highlighted in enriched signaling pathways, 
we speculated that anti-COVID-19 and ICH mechanisms of ferulic acid 
might exerted via regulating multiple KEGG molecular pathways. 

Among identified core targets, molecular docking analysis was applied 
to determine the binding capability of core targets with ferulic acid. As 
shown in EGFR protein, the report indicated that the binding free energy 
of ferulic acid with EGFR was − 5.9 kJ/mol, revealing the potent binding 
force between ferulic acid and EGFR. EGFR is a crucial kinase receptor 
that can be responsible for cell proliferation, differentiation, division, 
and cell survival (Sabbah et al, 2020). Preclinical evidence shows that 
EGFR and the signaling pathway may be involved in brain injury caused 
by ICH in vivo (Qian et al, 2018). A bioinformatics study indicates that 
EGFR may be a potential anti-COVID-19 target for candidate natural 
compound (Du et al, 2021). In brief, it is speculated that regulation of 
EGFR activity may be one of pharmacological activities in ferulic acid 
against COVID-19 and ICH. Further drug combination using ferulic acid 
and EGFR inhibitor may be prescribed for clinical management of 
COVID-19 and ICH. However, in this study, there are still some limita
tions, including absence of further experimental validations, preclinical 
studies, drug absorption of ferulic acid and clinical formulation with 
ferulic acid in pharmaceutical considerations before future clinical test. 

5. Conclusion 

In current study, we characterized the molecular mechanisms and 
pharmacological targets of ferulic acid against COVID-19 and ICH 
through application of a network pharmacology and molecular docking 
approach. Ferulic acid may inhibit inflammatory reaction, enhance 
neurological function, and exert antiviral action via synthetically ach
ieved by multi-targets and multi-pathways against COVID-19 and ICH. 
On the other hand, ferulic acid may be used as an adjuvant treatment 
with future chemotherapy against COVID-19 patients with ICH. 
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Fig. 5. Integrated overview map in bioinformatics findings from current report was visualized.  

Fig. 6. Molecular docking model of ferulic acid binding to the core target 
protein, characterized by ferulic acid docked to the surface of EGFR with MET- 
793, ASP-855, THR-854. 
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