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Abstract 
Due to multipotent activity, Cordycepin, a nucleoside isolated from Cordyceps fungi (Cordyceps militaris), has recently 
attracted considerable interest as a compound for antitumor. Cordycepin is also known as 3-deoxyadenosine, which is 
known to inhibit tumor growth, but the actual mechanism is not known. The present work aims to evaluate the 
cordycepin as an anticancer candidate by analyzing its impact on the major oncogene receptors EGFR and VEGFR 
through an in-silico approach. In the analysis, computational docking was performed with AutoDock Vina 1.5.7, which 
estimated the binding constants of cordycepin with EGFR and VEGFR and got binding energies of -6.8 kcal/mol and -
5.5 kcal/mol, respectively, relative to a reference Leucovorin molecule. In addition, molecular dynamics simulations 
were also performed for the best complex (Cordycepin-EGFR) to examine the conformational dynamic behavior of the 
cordycepin-EGFR complex. The functionality and architecture of the cordycepin-EGFR complex were illustrated: their 
interaction might serve as a base for therapy. Also, ADMET predictions show that cordycepin follows Lipinski’s rules, 
which supports the drug-likeness of cordycepin compounds. Accordingly, the findings presented here will confirm 
and draw the attention of the scientific community to use the cordycepin as a possible treatment for cancer and its 
potential use in scientific pharmacology. 
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Introduction 
Day by day, the growth of cancer cases is 

increasing steadily and impacting the death 

scenario of humans worldwide (1). Cancer is an 

abnormal growth of cells with the potential to 

metastasize (2). There are various systematic 

treatment methods that have been developed for 

the treatment of cancer by complete removal of a 

cancer cell (surgical removal), radiation therapies, 

or exerting a controlled death of cancer cells by 

using some antiproliferative drug via blocking the 

cell cycle  (2). Systematic therapy might have side 

effects on normal cells as well; to avoid the side 

effects of drugs, scientists are trying to develop 

herbal remedies for the treatment of cancer such 

as cordycepin is one of the emerging herbal 

anticancer therapies (3). Cordyceps is a genus of 

parasitic fungus known for medications in China 

for over 300 years and is usually called ‘Dong 

Chong Xia Cao’ (4). Cordyceps species 

accommodate bioactive ingredients, in which 

cordycepin one of the major components is that 

exhibit potential therapeutic characteristics for 

cancer (5). Cordycepin is a nucleoside adenosine 

analogy, an active ingredient isolated from liquid 

cordyceps (Chinese medicinal mushroom) (6). 

Cordycepin is also known as 3-deoxyadenosine, 

this is a group of adenosines that plays a crucial 

role in intracellular and extracellular signaling 

pathways in various types of cells, tissues, and 

organs (7). Cordycepin is very much known to 

increase the cell apoptosis time-dependently by 

decreasing the cell cycle of the G2/M phase which 

indicates that cordycepin tends to inhibit cancer 

cells’ mitosis and EGFR signaling (8). In addition, 

cordycepin is also known to inhibit the enhanced 

IL-17A in the cancer cell, which promotes DNA 

synthesis in cancer cells (8). EGFR is one of the 

important receptors that play a role in tumor 

proliferation, often overexpressed in various 

tumors such as lung, renal, colon, and pancreatic 

cancers. EGFR is activated by the epithelial 

growth factor, which triggers the RAS and 

mitogen-activated protein kinase cascade reaction 

and leads to tumor proliferation, division, and 

angiogenesis (9). A Leucovorin which is also 

referred to as folinic acid or citrovorum factor is a 
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remedy that is being employed constantly to 

minimize the side effects of methotrexate and 

other related chemotherapy treatments (Figure 

1). Merely it is a kind of folic acid that belongs to B 

vitamin that is required by the body to form as 

well as replace new ones. Leucovorin helps to 

deliver folate to the body such that it helps the 

normal body tissues to withstand the effects of 

chemotherapy while, on the other hand, the 

cancer cells are affected more effectively. 

Leucovorin potentiates the 5-FU antitumor effect 

by overriding the thymidylate synthase in tumor 

cells though it has few general side effects such as 

stomatitis, anorexia, leucopenia, and skin rash 

(10). 

 

 
Figure 1: Molecular Structure of A) Cordycepin (C10H13N5O3) B) Leucovorin (C20H23N7O7) 

 

The combination of leucovorin with methotrexate 

has been employed in the treatment regimens of 

many types of cancer including, colorectal cancer, 

breast cancer, and some kinds of leukemia. It is 

also applied for the treatment of toxicity of 

methotrexate and for the increased effectiveness 

of fluorouracil (5-FU) in particular types of cancer 

(11). However, leucovorin as an anticancer agent 

in combination therapy with 5-fluorouracil is 

sometimes employed in treating other diseases 

such as megaloblastic anemia, resulting for folate 

deficiency. This is easily available in the form of 

tablets, injections, and oral liquids. Such are the 

side effects of any medication, including 

leucovorin; but, typically, such as nausea, 

vomiting, diarrhea, and allergic reactions are not 

frequent. Currently, computational biology is one 

of the initial approaches towards understanding 

the mode of action of any novel molecule since 

computational docking is quite popular in the 

analysis of protein-ligand binding. Usually, 

Autodock Vina is applied in computational 

docking, which normally begins with preparing 

the target structure of the drug and receptors. 

Autodock is a set of programs that may be 

employed to recognize interaction disposition 

with the corresponding target. 
 

Methodology 
Preparation of Ligand 
The molecular docking was performed by using 

Autodock Vina 1.5.7. To prepare the ligand for 

docking, spatial coordinates of constituent atoms 

in the 3D form of Cordycepin were retrieved from 

PubChem databases in the spatial data file (SDF) 

(https://pubchem.ncbi.nlm.nih.gov/). The SDF 

format of the ligand was opened in PyMOL 2.5 

viewer and exported in the Protein data bank 

(PDB format). Further, the pdbqt file of the ligand 

was generated by using Autodock Vina 1.5.7 and 

saved in one folder. 

Preparation of Protein 
The 3D structure of proteins (receptors) has been 

obtained from RCSB PDB databases 

(https://www.rcsb.org/) and the PDB file of each 

protein was downloaded in the PDB format. 

PyMOL version 2.5 was used for a quick view of 

the 3D structure of each protein (12). This PDB 

format has been opened in AutoDock Vina 1.5.7 

and preparation was done by removing water 

molecules, adding polar hydrogen followed by the 

addition of Kollman charges to the protein. Finally 

saved in the pdbqt file for the grid preparation. 

Preparation of Grid 
The pdbqt file of ligand and protein was opened in 

AutoDock Vina 1.5.7 and the grid box was inserted 

with less than 1Ǻ spacing and x, y, and z 

coordinates to establish the size of the protein for 

docking, and the config file was generated in txt. 

Form and save in the same folder. 

Molecular Docking 
The molecular docking server was used to 

calculate the binding energies during protein and 

ligand interaction. The Auto grid program 
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generated a grid map of 40 X 40 X 40 Ǻ grid points 

with a spacing of 0.375 Ǻ (13). Command prompts 

were used to generate the docking results (14). 

Nine different runs were configured for each 

molecule and the lowest energy of affinity was 

considered for further evaluation. 

ADME and Drug-Likeness Prediction 
ADME stands for adsorption, distribution, 

metabolism, exertion, and toxicity which was 

predicted for cordycepin by using the pkCSM 

pharmacokinetics tool 

(http://biosig.unimelb.edu.au/ pkcsm/) were 

extracted and used as input of ADME prediction 

(15). The molecule was screened by ensuring no 

more than 5 H-bond donors (the total number of 

nitrogen-hydrogen and oxygen-hydrogen bonds) 

and 10 H-bond acceptors (all oxygen or nitrogen 

atoms), provided the molecular mass does not 

exceed 500 Da and octanol-water partition 

coefficient (log P) is less than 5. These parameters 

were used to determine the drug-likeness of 

Cordycepin (16). A boiled egg plot generated by 

the SWISSADME web tool which is one of the 

statistical visualizations. This shows the BBB 

(blood-brain barrier) and gastrointestinal 

permeability of drugs (17). 

Molecular Dynamic Simulation 
The molecular dynamics simulation (MDS) was 

carried out by using Gromac V.16 to investigate 

the stability of the protein-ligand complex, where 

cordycepin shows the best binding energies with 

EGFR (18). The selected ligand and receptor 

topology were downloaded from Amber and 

Poisson Boltzmann calculation was performed 

using an internal PBSA solver in the sander for 

force field calculation (19). The molecular 

dynamic simulation was performed with docking 

possess which were obtained from molecular 

docking of ligands and receptors and the best 

complex was selected. MDS was performed for 

ligand-protein complex and apo-protein and 

RMSD and RMSF graph was plotted. 
 

Results and Discussion 
Cordycepin Blocks the EGFR and 

VEGFR for the Treatment of Cancer 
The possible cancer-inhibitive action can be 

assessed based on the capability of cordycepin in 

the regulation of receptors including EGFR and 

VEGFR in the malignant cells. Considering the first 

point the ligand molecule cordycepin has already 

been found to have anticancer activity. It has been 

described that cordycepin can inhibit the 

proliferation of cancer cells through the folding up 

of the EGFR. According to the literature, 

cordycepin will affect the escalation of cell 

apoptosis by down-regulating p-EGFR, p-Erk1/2, 

p-STAT3, p-p70 S6K, β-catenin, and cyclin B1 and 

up regulating p-STAT1 in 4NAOC-1 cells (19). As 

depicted under in-silica docking analysis in the 

current study, this research demonstrates the 

binding of the cordycepin to the EGFR and VEGFR 

(Table 1). In total, these outcomes give credence 

to our research hypothesis that cordycepin 

reduces further development of cancer cells 

under consideration of EGFR receptors (19). The 

binding energies of docked receptors are 

mentioned in Error! Reference source not f

ound. which was calculated using Autodock Vina 

tool 1.5.7 which is represented in kcal/mol. 

Docking of Ligand and target protein can show the 

interaction affinity, which can result in inhibition 

of the proliferation of cancer cells. In the above 

error reference not found. Cordycepin and 

leucovorin have shown a total of 9 interactions 

with EGFR and VEGFR. 
 

Table 1:  Molecular Docking of Cordycepin and Leucovorin with VEGFR and EGFR 

 

Receptor Ligand No. of 

Interactions 

Affinity 

(kcal/mol) 

No. of 

H-

Bond 

Amino acids 

VEGFR Cordycepin 9 -5.5 1 Glu705, Lys702, Glu720, Arg728, 

Asp710, Val708, Thr708 

EGFR Cordycepin 9 -6.8 1 Cys311, Glu317, Ala313, Ser315, 

Val336, Ser364, Thr402 

VEGFR Leucovorin 9 -5.5 1 - 

EGFR Leucovorin 9 -8.2 6 Glu319, Tyr316, Arg324, Glu317, 

Glu400, Cys311, Ala310, Ser366, 

Ser364, Val336, Thr364, Arg334 
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Visualization of all Docking 
In Figure 2, Figure 3, Figure 4, and Figure 5, are 

showing interactions between the proteins which 

are illustrated using the tools of docking 

visualization as well as geometric illustrations of 

the target proteins. The docking visualization 

probably presents the anticipated ligand (like 

cordycepin or Leucovorin) to bind with the target 

proteins (EGFR and VEGFR) and the geometric 

representation demonstrates the structural form 

of the interacting peptide (target protein). The H-

bond plots probably present all the hydrogen 

bonding between the amino acids of the target 

proteins and the ligand molecule. These plots are 

important for general reasons but particularly so 

as it provide more detail of the molecular 

interactions. 2D interaction plots focus on each of 

the amino acid-carbon involving the ligand 

molecule often depicted at the center. These plots 

give precise information on the residues of the 

protein that are involved in binding and their 

positioning relative to the ligand. Cordycepin and 

leucovorin structural description is done in ball 

and stick model and all the interactions of carbon 

amino acids are numbered and cited differently. 

This is useful in the identification of the various 

modes of bindings as well as the extent of 

interactions between the ligand and the target 

proteins. In general, these five visualizations help 

to clarify the ligand-target protein binding and 

may help to reveal the possible ways of the 

ligand's action and further research in the field of 

drug design. 

 

 
Figure 2: Visualization of Docking Visualization Leucovorin and VEGFR 

 

    
Figure 3: Visualization of Docking Visualization Leucovorin and EGFR 

 

     
Figure 4: Visualization of Docking Visualization Cordycepin and VEGFR 
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Figure 5: Visualization of Docking Visualization of Cordycepin and EGFR 

 

ADME Prediction 
The ADMET studies of the cordycepin indicated 

that the compound was compatible with the 

Lipinski’s rule overload test in the first scan. The 

molecular weight of cordycepin was found by 237. 

259 Da and a Log P value of -0. 1161, 6 H-bond 

acceptors, 4 H-bond donors of which 1 was a 

rotatable bond and a polar surface area of 98. 596 

Å2. Further, the molecular weight was calculated 

to be less than 500 Da along with less than 10 H-

bond acceptors, 5 H Bond donors, and the value 

logP was less than 10, which also gave an 

inference of the cordycepin as a compatible 

druglike. The output of data displayed in the table 

was in Table 2 below. 

 

Table 2: Boiled Egg Plot by SWISSADME 

PubChem ID ME (g/mol) TPSA (A2) MLOP GI absorption BBB permeant 

Leucovorin 473.44 219.84 -0.62 Low No 

Cordycepin 251.24 119.31 -1.94 High No 
 

In the case of the boiled egg plot, SWISSADME was 

employed in establishing the proficiency and 

efficiency of small compounds in crossing the 

blood-brain barrier and the gastrointestinal 

barrier. Physicochemical spaces are categorized 

into three parts: Yellow (most likely to penetrate 

the BBB), white (designation of a compound that 

can permeate the gastrointestinal barriers), and 

grey (implies low absorption of a compound 

across both gastrointestinal and BBB). The 

comparison of cordycepin and leucovorin is 

stated on Table 2 and the graph is illustrated in 

Figure 6. More to the point, the compound 

cordycepin is in the white area which represents 

this compound that can cross the gastrointestinal 

barrier while leucovorin is located in the grey 

area which demonstrates poor absorption 

through both the blood-brain barrier and the 

gastrointestinal tract. 
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Figure 6: Boiled Egg Plot by SWISSADME 

 

Molecular Dynamic Simulation 
Cordycepin had a binding energy of negative six. 

This was about 90 kJ/mol when in association 

with EGFR, while leucovorin had a binding energy 

of -8.2 kJ/mol. Hence, based on their values of 

binding energy, leucovorin bound more actively 

and to a greater extent to EGFR than cordycepin. 

This would imply that leucovorin might perhaps 

be more sensitive to binding to EGFR and 

consequently, may contain the capacity to block 

the protein in case of cancer treatment (20). 

However, it should be borne in mind that energies 

obtained from docking are computed or predicted 

values, and may not always synchronize with the 

biological activities of the given compounds. 

However, this study would require some follow-

up experimentation to establish the effectiveness 

of cordycepin and leucovorin in dealing with 

EGFR concerning cancer treatment. 

The MD simulation was performed for use in the 

evaluation of the stability and conformational 

behavior of the atoms of the protein-ligand 

complex (21). Molecular dynamics simulation of 

the protein-ligand complex was performed for 

100ns to measure thermodynamic stability in 

terms of Area; Root means square fluctuation 

(RMSF), Radius of gyration (Rg), and Root mean 

square deviation (RMSD). Please see Table 3 for 

individual energies of EGFR to cordycepin. Where 

ΔVDWAALS is -11. As mentioned above 55 Kj/mol 

is a change in van der Waals energy upon binding 

between a ligand and its target protein, while 

ΔEEL is 48. Reorganizations of 67 kJ/mol of 

electrostatic energy on ligand binding to its target 

protein. The fact that the root-mean-square 

deviation in energy will be positive for ΔEEL value 

will suggest that non-electrostatic interactions 

may tend to weaken the ligand-protein complex, 

thus, the binding interaction. In the molecular 

docking experiments, ΔGGAS is 37. 12 kcal/mol of 

Gibbs free energy of solvation during the binding 

between a ligand and the target protein. 

Therefore, a positive value of ΔGGAS implies that 

for binding to occur, solvation energy is not 

favourable, a sign that there might be problems in 

forming a stable complex. Refer to Figure 8 for a 

graphical representation of Molecular Dynamic 

Area, RMSD, RMSF, and Rg of APO protein and 

Protein-Ligand which is indicating APO protein is 

very much similar to protein-ligand. 
 

 
Figure 7: Interaction by Molecular Dynamic Simulation 
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Figure 8: Molecular Dynamic Area, RMSD, RMSF and Rg 

 

A negative ΔGSOLV value indicates a decrease in 

solvation energy on binding which means that the 

ligand-protein complex is better off than the 

solvated individual molecules. This means that 

the energy for the desolvation of the binding sites 

on the protein and the ligand and any water 

molecules that are displaced during the binding 

process will in the main contribute in a positive 

way to the overall stability of the complex 

encountered in this case. 
 

Table 3: Energy Component of Protein-Ligand Complex 

Energy Component Protein-ligand complex 

 Average (KJ/mol) SD SEM 

ΔVDWAALS(Van Der Waals Energy) -11.55 0.71 0.36 

ΔEEL(Electrostatic Energy) 48.67 8.26 4.13 

ΔGGAS(Gibbs Free Energy of Solvation) 37.12 8.00 4.00 

ΔGSOLV(Change in Solvation-Free Energy) -44.03 7.31 3.65 

ΔTOTAL -6.90 0.96 0.48 
 

The H-bond analysis that was performed with the 

help of trajectory acquired at 100 ns confirmed 

the presence of two hydrogen bonds between the 

ligand and the amino acid residue of the protein, 

namely Asp303 (Figure 7). Such a bond is a 

hydrogen bond, and it is said to occur when a 

hydrogen atom covalently bonded to an 

electronegative atom forms a bond with another 

electronegative atom. From the perspective of 

molecular docking, if the hydrogen bonds are 

formed between the ligand and specific amino 

acid residues of the protein binding site then it 

gives evidence of some crucial interactions 

responsible for the stability of ligand-protein 

complex. Alkyl interactions were observed with 

MET: 268 Also known as hydrophobic 

interactions where non-polar groups of the 

molecule or alkyl chains interact with each other 

or with non-polar parts of other molecules. These 

interactions are mainly of the van der Waals type 

with the dispersion force being the most 

dominant in this kind of cluster. A molecular 

dynamic simulation RMSD graph was used to 

analyze the deviation from the reference structure 

of the simulation where the RMSD was found to 

be average. From the result obtained, it was seen 

that 6nm was maintained throughout the 

simulation which makes it evident that the 

complex did not change throughout the 

simulation. A few fluctuations are noted when 
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analyzing the region between 40 ns and 70 ns of 

the simulation where RMSD moves up to 0. so 

there is an inconsistency: small ‘distances’ of 9 nm 

to 1 nm, imply a period of restructuring or 

reorganization of the complex. However, this 

structure oscillates up to 70 ns, and later, it is 

found to be in a stable state, confirming that a 

structural equilibrium has been maintained in this 

complex. For this reason, the RMSF graph offers 

information on the variation of specific amino 

acid residues in the protein-ligand complex. The 

average change was about 0.25nm from the 

simulation it was seen that the distance varied to 

as low as 0.25nm and the highest amplitude of 

oscillation of 1nm was recorded in amino acid 

residues ranging from position 600 to 638 

implying that this part is more flexible than the 

rest of the complex. This evidence pertains to the 

RMSF pattern of the APO protein, the protein with 

no ligand and the protein-ligand complex 

exhibiting similarities in their dynamics of 

flexibility thus pointing to the fact that the 

presence of the ligand does not considerably alter 

the flexibility or dynamics of the protein. From the 

variation analyses of RMSD and RMSF, it can be 

inferred that the protein-ligand complex is rather 

stable during the whole duration of the simulation 

with slightly more vacillations in one or two 

areas. 

Rg defines the extent of the coil – the lower Rg the 

more compact the molecular structure, and the 

more folded. Derived from the Rg graph, it is 

observed that the Rg values of the protein-ligand 

complex are normalized with values ranging from 

3. 5 nm and 3nm. The radius of gyration (Rg) of 

the wild-type APO protein was determined to be 7 

nm, and the Rg of the APO protein varies between 

3. 3 nm and 3. 65 nm. The fact that Rg values 

calculated for the protein-ligand complex are 

smaller than the calculated for the APO protein 

reduces the propensity of conformational changes 

of the protein in the presence of the ligand, which 

suggests that the protein gets more compact in 

the presence of the ligand. SASA is defined as the 

extent of the molecule’s surface concerning which 

solvent molecules can interact. In the SASA 

section on the SASA graph, the SASA values of the 

protein-ligand complex fluctuate between 320 

nm² and 340 nm². The change in SASA in the 

health status of APO protein and the protein-

ligand complex at first, are very close to each 

other, indicating complimenting properties of 

surface exposure. Of course, some of these 

differences can be observed only at a certain point 

in time, which suggests that the ligand may alter 

the accessibility of the protein surface. 
 

Conclusion 
The preliminary results of the molecular docking 

study indicate that cordycepin with EGFR and 

VEGFR has promising potential based on the 

docking results are presented here with 

comparison to leucovorin. But both molecules 

contribute less binding energy for EGFR (-6. 9 

KJ/mol and -8. 2 KJ/mol) which is involved in cell 

growth and division and has its over-expression 

linked to various types of cancers. VEGFR has a 

great involvement in a process known as 

angiogenesis, or the formation of new blood 

vectors, which are highly influential in the growth 

and spread of cancerous cells in the body. The fact 

that cordycepin can bind to these receptors makes 

it possible for it to be therapeutic in the treatment 

of cancers. However, to confirm the effectiveness 

or IL-4 as a possible anticancer agent or not, 

further elaborate studies in cultures and animals 

would prove useful. Furthermore, the detailed 

study of the binding properties of cordycepin to 

the receptors may help in understanding the 

mode of action of the compound and the 

development of related drugs. 
 

Abbreviations 
ADME: Absorption, distribution, metabolism, and 

excretion, EGFR: Endothelial growth factor 

receptor, VEGFR: Vascular endothelial growth 

factor receptor. 
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