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ABSTRACT 

 
Cytokine storm syndrome (CSS) is a life-threatening consequence of 

inflammatory immunological illnesses; it can also occur with COVID-19 

infection . CSS is characterized by a disruption in cytokine synthesis, 

including regulatory , pro-inflammatory and anti-inflammatory cytokines, 

resulting in pathologic stimulation of innate in addition to adaptive (Th17 and 

Th1 mediated) response. In the pathophysiology of CSS, interleukin-6 could 

play a key role. The significant role of IL-6 in COVID-19 pathogenesis  was 

established in a wide variety of researches , which reported  that the plasma 

concentration  of IL-6 was raised  in COVID-19 patients with severe 

symptoms . COVID-19 spike protein binding to angiotensin-converting 

enzyme 2 (ACE2), the virus's cellular receptor, causes a cascade of molecular 

processes that could  result in hyperinflammation which may  lead to cytokine 

storm . Therefore, the development of new natural therapies and repurposing 

some drugs such as  Phenformin and  Docosahexaenoic acid  that could 

compete with COVID-19 for ACE2 binding or  inhibit IL-6  activity may 

possibly help COVID-19 patients  avoid a cytokine storm and save  their lives 

through  inhibiting IL-6 and preventing SARS-CoV-2 RBD attachment to 
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ACE2. Herein we made a docking based screening for  some natural 

phytochemicals and drugs that could be repurposed  according to our findings 

to counter  COVID-19 cell entry and inhibit the hyper activation of IL-6. Our 

results revealed  that a five phytochemicals including Epigallocatechin gallate 

(EGCG) , bromelain , luteolin , vitexin and isovitexin) showed  a high binding 

affinities  with best interactions with the active sites  of IL-6 . The binding 

affinities of these  phytochemicals including, EGCG , bromelain , luteolin , 

vitexin and isovitexin with IL-6 were  (-7.7,  -6.7, -7.4, -7.2 and -7.3 ), 

respectively. In addition to , phenformin showed  a   high binding affinity with 

best interactions with the active sites of IL-6 and ACE2  . The binding affinity 

of phenformin with IL-6 was (-7.4) and with ACE 2 ( -7.2). Docosahexaenoic 

acid (DHA) had a moderate binding affinity and moderate interactions with the 

active sites of IL-6 and had a high binding affinity with best  interactions with  

ACE2 active sites. The binding affinity of  Docosahexaenoic acid(DHA)     with 

IL-6 was (-5.3) and with AC2 (-6.3). 

 

Conclusion 

  
Proposing possible IL-6 inhibitors with less adverse effects has been 

suggested as a way to aid COVID-19 patients who are suffering from severe 

cytokine storms. This study has been designed to elucidate the potential of 

potent antiviral phytocompounds as well as phenformin and Docosahexaenoic 

acid (DHA)   as  a potent  ACE2 and  IL-6 inhibitors. The compounds interact 

with different active sites of IL6 and ACE2 which are involved in direct or 

indirect contacts with the ACE2 and  IL-6 receptors which might act as 

potential blockers of functional  ACE2 and IL-6 receptor complex. It worth 

mentioning that phenformin which showed high binding affinity with both 

ACE2 and IL-6  is currently under investigation for treating COVID-19 

ClinicalTrials.gov Identifier: NCT05003492 

.   
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Introduction 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) an 

enveloped RNA virus that causes the recent pandemic of  COVID-19 

principally affects the human respiratory system but can also affect the 

nervous system , urogenital system, circulatory system and could also 

affect   digestive system.1  COVID-19  belongs to family of 

Coronaviridae  Because of the existing  of crown-like spikes on its outer 

surface, the virus was given the name corona virus. 2 Thousands of people 

have died as a result of infectious coronaviruses such as the Middle East 

respiratory syndrome (MERS) coronavirus and  the severe acute respiratory 

syndrome (SARS) coronavirus  in the last two decades..3 The most recent 

outbreak of COVID-19 was  discovered in late 2019 in Wuhan, China, 

where cases  had pneumonia from an unknown etiology ..4 To combat this 

infectious virus, researchers must explore  the pathogenicity mechanism of 

COVID-19   and how it acts with  the immune system..5  In COVID-19 

patients who require ICU hospitalization, the cytokine storm may be 

present. It's a condition in which inflammatory cytokines are released in an 

uncontrolled manner. The molecular mechanism of the cytokine storm has 

yet to be fully elucidated. When the SARS-CoV-2 spike glycoprotein binds 

to the virus's cellular receptor, angiotensin-converting enzyme 2 (ACE2), a 

cascade of molecular events occurs, resulting in hyperinflammation6. 

COVID-19 infection has been linked to an increased response of the  

immune  system in some covid-19 patients, which is governed by an 

excessive release of circulating cytokines known as cytokine release 

syndrome (CRS).7 One of the key causes of COVID-19 patients' significant 
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deterioration, which leads to multiorgan failure, has been identified as 

cytokine release syndrome.8 Increased levels of interleukin (IL)-6, 

interferon (IFN)- , and  tumour necrosis factor (TNF)-, are the most 

common features  of a cytokine storm, which is  known as a "cytokine 

storm."9  IL-6 is a kind of interleukin that is produced by the Significant 

proinflammatory qualities play a critical role in ARDS, systemic 

inflammation, pneumonia associated with respiratory failure10 Interleukin-6 

levels have been associated to the severity of COVID-19 infection and 

have been found to be high in individuals with respiratory 

dysfunction..11 The quantity of interleukin-6 is linked to a higher risk of 

death, more than three times higher in individuals with complex COVID-19 

than in those with simple disease.12 As a result, IL-6 blocking drugs, as well 

as techniques aimed at decreasing this cytokine, have been successfully 

used in the treatment of persons with hyper-inflammatory conditions..13 In 

addition, we suggest that medication that could compete with covid-19 for 

ACE2 may prevent COVID-19 entry and hyper inflammation and cytokine 

storm cascade . According to our findings many drugs  such as, 

phenformin  and active ingredient found in natural supplements like 

Docosahexaenoic acid (DHA)    could  be repurposed and screened for 

investigating their efficacy for competing with COVID-19 for ACE2 

receptors  a critical point that could prevent COVID-19 cell entry or  

inhibiting  cytokine storm via binding directly to IL-6. Phenformin is a 

biguanide anti-diabetic drug that may be made in a single step chemical 

synthesis. It is an oral diabetes medication that aids in the regulation of 

blood sugar levels14.Phenformin has been shown to lower influenza 

mortality in mice. Because of the modest inhaled dose, buformin or 

phenformin inhalation for coronavirus could be a viable new treatment that 

reduces the danger of systemic side effects associated with biguanides15. 

As part of normal metabolism, certain algae create long chain omega-3 

fatty acids such as eicosapentaenoic (EPA) and docosahexaenoic (DHA). 

These fatty acids are critical nutrients for the health of many species, 

including humans, when they enter the food chain in 

nature16.Docosahexaenoic acid (DHA) is an omega-3 (n-3) fatty acid with a 

long chain. It has a structure that provides it with distinct physical and 

functional characteristics17. Docosahexaenoic acid (DHA) is crucial for the 
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growth and functional development of the brain in babies and is biologically 

connected to other n-3 fatty acids. DHA is also essential for adults to 

maintain optimal brain function17.According to our findings phenformin and 

Docosahexaenoic acid (DHA) may be used as a therapeutic agents against 

COVID-19 because of their inhibitory activity against IL-6 and ACE2 

receptors of COVID-19.In addition , many natural components generated 

from plants, such as phytochemicals, may provide preliminary evidence for 

the use of plant extracts to suppress IL-6. Phytochemicals can provide a 

wide range of chemical diversity as well as anti-inflammatory properties, 

making them potentially useful as COVID-19 treatment agents.. Plants may 

be able to supply a number of low-cost medications that can standardize 

IL-6 levels..18  The use of phytochemicals as anti-IL-6 agents could thus be 

a helpful technique for decreasing COVID-19's negative effects.19 

 In this study, EGCG , bromelain , luteolin , vitexin and isovitexin  are found 

to be potential phytocompounds to inhibit the IL-6  along with phenformin  

and Docosahexaenoic acid (DHA)  .The  Targeted 3-dimensional (3D) 

protein structures were obtained   from the Protein Data Bank (PDB). 

Antiviral chemicals were chosen from a list of   antidiabetic drugs and plant-

based phytocompounds gathered from the literature. The aim of the in 

silico study is to identify the efficacy of (EGCG , bromelain , luteolin , vitexin 

and isovitexin) production along with phenformin  and Docosahexaenoic 

acid (DHA)   that can be tested as potential candidates against COVID-19. 

 

Materials and Methods 

Sequence retrieval 

Structure of IL-6  and sequence were obtained  from Protein Data Bank PDB 

under Protein Data Bank  PDB iD (1alu), https://www.rcsb.org/structure/1ALU 

.  

https://journals.sagepub.com/doi/full/10.1177/11779322211021430
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Selection  of drugs that could be repurposed against IL-6 

and ACE2 

After extensive literature these drugs (phenformin and Docosahexaenoic acid 

(DHA)  )   were selected based on their antiviral power. ADMET (Excretion, 

Absorption, Metabolism , Transport, and Toxicity) properties were calculated 

by admetSAR server(admetSAR was developed as a comprehensive source 

and free tool for the prediction of chemical ADMET properties. ).20 

Selection  of Phytocompounds  that could  have 

inhibitory activity  against IL-6 and ACE2 

 

After extensive literature, 13 phytocompounds (quercetin , Epigallocatechin 

gallate (EGCG) , wedelolactone ,bromelain , catechin, luteolin , nimbin , 

vitexin and eucalyptol , isovitexin , azadirachtin, kaempferol ad 

melanoxetin) were selected based on their antiviral activity. The 2D 

structures of selected phytocompounds were drawn by ChemDraw and 

UCSF Chimera 1.12 was used to do energy  21retrieved as PDB format.

minimization on all identified phytocompounds. The top three 

phytocompounds were also chosen based on binding affinities (Kcal/mol). 

Using the mCule server, the Lipinski's rule of 5 was determined. The 

admetSAR server estimated 21 ADMET (Absorption, Distribution, 

20.characteristics.Metabolism, Excretion, and Toxicity)  

Interaction studies 

The protein-ligand interactions and binding conformational behaviour within 

the active pocket of the targeted protein IL6 were studied using molecular 

docking.. The active sites of IL6 were found in the literature prior to online 

tool using Galaxy binding site server ad  docking trials. 22 .23 The active site 

residues of a protein were surrounded by a grid. using HDOCK server was 

used to perform docking experiment.24  
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Molecular docking of proteins and ligands  

The binding mode of Spike -ACE 2 and ligands of Docosahexaenoic 

acid(DHA)  and phenformin  which its retrieved form the PDB 

https://www.rcsb.org/ with accession number (7DMU , 5J0Z and 5UIH) 

representatively . the Spike -ACE 2 and ligands of both Docosahexaenoic 

acid(DHA)  and phenformin   were  investigated to determine the conservative 

residues of binding of Spike protein with the ACE to be a control results also, 

ACE2  with ligands of Docosahexaenoic acid(DHA)  and phenformin  to know 

and discover if the ACE2 receptor  of the virus are bind with ligands of 

Docosahexaenoic acid(DHA)  and phenformin in a good binding affinity to 

declare the mechanism of the interaction. protein .Docking study of each 

Spike -ACE 2 and ligands of Docosahexaenoic acid(DHA)  and phenformin  

were carried out using HDOCK server There are two working modes in the 

server :one is the default hybrid docking mode, and the other is the template-

free docking mode. First, we put the spike protein after we download it from 

pdb in accession  6MOJ we enter it on SAMSON software to separate the 

ACE2 and Spike protein to make docking between them to get the result as a 

control result to test and know how the complex of spike ligands of 

Docosahexaenoic acid(DHA)  and phenformin  are how much its  efficient and 

submit into the server , one for ligands of Docosahexaenoic acid(DHA)  and 

phenformin  and the other for ligand (ACE2), in which both amino acid 

sequences and PDB structures are supported. Then, the server do the 

template-based modeling of the receptor and ligand molecules by searching 

the PDB for putative homologous templates based on the sequences of 

proteins. Then it's found the PDB ID of the two protein then the HDOCK 

server perform global docking to sample putative binding modes through an 

FFT-based search method and then evaluate them without intrinsic scoring 

function for protein–ligand  interactions. Biological information, such as 

experimental data on the protein–ligand  binding site or SAXS profile, can be 

incorporated during the docking and/or post-docking processes. To offer data 

on docking energy scores, The ligand RMSDs from the input structures or 

modelled structures of the interface residues within 5.0 of their interacting 

partner or each other, to get the corresponding distances about the residue 

contacts between proteins and ligands to aid in evolutionary analysis in 

sequences17 or deep learning18. Finally, users can download the top 100 

https://www.rcsb.org/
http://www.rcsb.org/pdb/explore/explore.do?structureId=7DMU
https://www.rcsb.org/structure/5UIH


predicted complex structures, with the top 10 models shown using an 

interactive NGL viewer36 on the result web page. 

Binding free energy calculation 

The MMGB/PBSA approach was used to calculate the binding affinities of 

the optimal docking conformations acquired as a result of molecular 

docking. 25  The computations were carried out using the AMBER 

MMPBSA.py model. 25 The following formulas were used to determine 

binding free energy using Prime v3.5 and four protein-inhibitor complexes 

and their binding modes: 

 

1- ΔGbind=Gcomplex−(Gprotein+Gligand) 

2- ΔGbind=ΔH−TΔS=ΔEMM+ΔGsol−TS 

3- ΔEMM=Einternal+Evdw+Eele 

4- ΔGsol=ΔGPB/GB+ΔGSA 

 

 

The gas-phase MM energy, the solvation free energy, and the conformational 

entropy are represented by E MM, G sol, and TS, respectively. In EMM, all 

bond, angle, and dihedral energies were addressed, as well as electrostatic 

internal energies (Eele) and the van der Waal's (Evdw). The polar contribution 

was calculated using the GB or PB models, while G was the sum of 

electrostatic solvation energies. 

 

Results  and discussion 

Interaction analysis 

The best computational approach for exploring the active sites of proteins 

and the conformational position of ligands within the active pocket of a 

specific protein is molecular docking. . The binding affinities (Kcal/mol), 

https://journals.sagepub.com/doi/full/10.1177/11779322211021430
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molecular interactions, and bonding interactions of the docked complexes 

formed by molecular docking studies were investigated. The ligand's 

optimal structural position within the active region of the targeted protein 

ACE2 and  IL-6 is represented by the lowest binding energy value. The 

docking results showed that the Five phytochemicals  including  EGCG , 

bromelain , luteolin , vitexin and isovitexin)  show high binding affinity  with 

best interactions with the active site of IL-6 .  The binding affinities  of the  

Five phytochemicals  including  EGCG , bromelain , luteolin , vitexin and 

isovitexin)  are (-7.7,   -6.7, -7.4, -7.2 and -7.3 ) respectively. In addition,  

phenformin  shows   high binding affinity with best interactions with the 

active sites of IL-6 and ACE2  . The binding affinity of phenformin with IL-6 

was (-7.4) and with ACE 2 was( -7.2). Docosahexaenoic acid(DHA) shows   

moderate  binding affinity with moderate  interactions with the active sites 

of IL-6 and ACE2. The binding affinity of Docosahexaenoic acid(DHA)      

with IL-6 was (-5.3) and with AC2 (-6.3) The binding affinities  of each 

compound with IL-6 and ACE2 are listed in Table 1, Table2 and Table 3 

 

  Table1: The binding affinities between phytochemicals and Il-6 

 

Phytochemicals  Binding Affinity with IL-6 

Bromelain -6.7 

EGCG -7.7 

isovitexin -7.3 

Luteolin -7.4 

Vitexin -7.2 

Table2 : The binding affinities  of Il-6   with Phenformin  and  

Docosahexaenoic acid (DHA)   

Phenformin  and  Docosahexaenoic acid 

(DHA) 

Binding Affinity with 

IL-6 

Binding Affinity 

with ACE2 

https://journals.sagepub.com/doi/full/10.1177/11779322211021430


 

Active bonds with IL-6 

The interactive residues of each compound with IL-6 are showed in (Fig 1). 

Docking of bromelain with  interleukin 6,   the two-dimensional interaction 

between Bromelain and residues of IL-6. Most important hydrogen bonds 

were made by GLU_A:43, LYS_A:47 (It also made some hydrophobic 

interactions with Bromelain), ARG_A:105, GLN_A:157, and GLN_A:160. 

GLU_A:107 and THR_A:164 show unfavorable H-Bonds which are quite 

acceptable for rigid docking. Docking of Docking of EGCG  with  interleukin 6,   

the two-dimensional interaction between EGCG  and residues of IL-6 showed 

that the most important hydrogen bonds were made by ASP A:161 , (It also 

made some hydrophobic interactions with EGCG), GLU_A:43 as showed in fig2. 

Docking of isovitexin with  interleukin 6, showed  the two-dimensional 

interaction between isovitexin and residues of IL-6. Most important 

hydrogen bonds were made by GLU_A:60 , ASN _A:61 (It also made some 

hydrophobic interactions with isovitexin), LYS _A:67, GLU_A 60 , and 

ARG_A:169. GLU_A:107 and THR_A:164 show unfavorable H-Bonds 

which are quite acceptable for rigid docking as showed in fig3 . Docking of 

luteolin  with  interleukin 6,   the two-dimensional interaction between luteolin 

and residues of IL-6. Showed that the most important hydrogen bonds 

were made by SER_A:108, (It also made some hydrophobic interactions 

with luteolin), ASP _A:161, ARG_A:105, and GLN_A:157. and THR_A:44 

as showed in fig4.. Docking of vitexin with  interleukin 6,   the two-dimensional 

interaction between vitexin and residues of IL-6 showed that the  most 

important hydrogen bonds were made by ARG_A:105, GLU A: 43,THR 

A:164 and GLN A: 160 as showed in fig5. Docking of Phenformin  with  

interleukin 6,   the two-dimensional interaction between Phenformin  and 

residues of IL-6 showed that the most important hydrogen bonds were 

made by GLN A:160 , ASP A:161 (It also made some hydrophobic 

interactions with Phenformin), ASP A:161 and PHE A : 106.as showed in 

fig6. Docking of docking of DHA  with  interleukin 6,   the two-dimensional 

Phenformin -7.4 -7.2 

Docosahexaenoic acid (DHA)  -5.3 -6.3 



interaction between DHA and residues of IL-6. Most important hydrogen 

bonds were made by THR _A:164  (It also made some hydrophobic 

interactions with DHA), THR_A:44 as showed in fig8. 

 

 
Active bonds with ACE2 

 

Phenformin with ACE2 

 
Docking of Phenformin with  interleukin 6,   the two-dimensional interaction 

between Phenformin and residues of ACE2 showed that the  most important 

three hydrogen bonds were made by GLU_A:208 (It also made some 

hydrophobic interactions with Phenformin),VAL A:212, LEU_A:95, and  PRO 

_A:565 as showed in fig 7. 

DHA with ACE2 

Docking of DHA  with  ACE2 ,   the two-dimensional interaction between DHA 

and residues of ACE2 showed that the  most important three hydrogen bonds 

were made by SER_A:44 and SER A: 47 (It also made some hydrophobic 

interactions with DHA),PHE A:390, , and  PHE A:40, as showed in fig 9 

The compounds interact with different sites of IL6 and ACE2 which are 

involved in direct or indirect contacts with the ACE2 and  IL-6 receptor which 

.6 receptor complex-might act as potential blockers of functional  ACE2 and IL 

 



-the two   docking of bromelain with  interleukin 6, " showsigure 1: F
6. Most -dimensional interaction between Bromelain and residues of IL

important hydrogen bonds were made by GLU_A:43, LYS_A:47 (It also made 
n), ARG_A:105, GLN_A:157, some hydrophobic interactions with Bromelai

Bonds -and GLN_A:160. GLU_A:107 and THR_A:164 show unfavorable H
 ."which are quite acceptable for rigid docking 

 

 

 
dimensional -docking of EGCG  with  interleukin 6,   the two showsFigure2: 

6. Most important hydrogen bonds -interaction between EGCG  and residues of IL



were made by ASP A:161 , (It also made some hydrophobic interactions with 
EGCG), GLU_A:43 

 

 

 

  

 
dimensional -the two   docking of isovitexin with  interleukin 6, " showsFigure 3: 

6. Most important hydrogen -and residues of IL isovitexininteraction between 
bonds were made by GLU_A:60 , ASN _A:61 (It also made some hydrophobic 

GLU_A 60 , and ARG_A:169. ), LYS _A:67, isovitexininteractions with 
Bonds which are quite -GLU_A:107 and THR_A:164 show unfavorable H

 ."acceptable for rigid docking 

 
dimensional -the two   with  interleukin 6,  docking of luteolin " shows: igure 4F

6. Most important hydrogen -and residues of IL luteolininteraction between 



(It also made some hydrophobic  SER_A:108,bonds were made by 
and  ARG_A:105, and GLN_A:157., ASP _A:161), luteolininteractions with 

 ."44THR_A: 

 

dimensional -the two   docking of vitexin with  interleukin 6, shows:  5igure F
6. Most important hydrogen -and residues of IL vitexininteraction between 

 bonds were made by ARG_A:105, GLU A: 43,THR A:164 and GLN A: 160 

 

 



 

 

 

Figure 6: " shows docking of Phenformin  with  interleukin 6,   the two-

dimensional interaction between Phenformin  and residues of IL-6. Most 

important hydrogen bonds were made by GLN A:160 , ASP A:161 (It also 

made some hydrophobic interactions with Phenformin), ASP A:161 and 

PHE A : 106. 



 

 

dimensional -the two   ,ACE2with   Phenformindocking of  " showsigure 7: F
three . Most important ACE2and residues of  Phenformininteraction between 

(It also made some hydrophobic  208hydrogen bonds were made by GLU_A:
. LEU_A:95, and  PRO _A:565 VAL A:212,),Phenformininteractions with  



 

 

 

-the two   with  interleukin 6, DHA  docking of docking of " showsFigure 8: 
6. Most important -dimensional interaction between DHA and residues of IL

hydrogen bonds were made by THR _A:164  (It also made some hydrophobic 
 interactions with DHA), THR_A:44 



 

 

Figure 9: " shows docking of DHA  with  ACE2 ,   the two-dimensional 

interaction between DHA and residues of ACE2 showed that the  most 
important three hydrogen bonds were made by SER_A:44 and SER A: 47 (It 
also made some hydrophobic interactions with DHA),PHE A:390, , and  PHE 
A:40. 
 

 

 

 

 



Conclusion  
 

Our findings demonstrated the possible efficacy of the 

investigated compounds including Epigallocatechin gallate 

(EGCG) , bromelain , luteolin , vitexin and isovitexin as well as 

phenformin  and Docosahexaenoic acid (DHA)     as a potent 

inhibitor of Il-6 and ACE 2. Therefore, theses compounds could 

be used as  a novel treatments for inhibiting COVID-19 cell 

entry and preventing its inflammatory complication   
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