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ABSTRACT 

Background: 

Liver cancer, the third most common cause of cancer-related deaths worldwide, is the fifth most 

common type of cancer. Resection patients typically have a low cure rate. Sorafenib is the only 

drug approved by the US Food and Drug Administration to treat advanced HCC, but it comes 

with substantial side effects, including a high risk of haemorrhaging. These restrictions 

necessitated the urgent need for innovative preventative and therapeutic approaches to managing 

this illness. 

Objective: The goal of the current study was to use molecular docking studies to find the 

terpenoids that offered the best natural lead molecule for treating liver cancer. A few terpenoids 

are docked against the human P38 kinase for this function. 

Methodology:  

The initial molecular characteristics were computed using the Molinspiration program in 

accordance with Lipsink's rule of 5. Pharmacokinetic testing was carried out. The following 

compounds were chosen for this study: furanodiene, beta elemene, furanodienone, germacrone, 

curcumol, and andrographolide. All other selected terpenoids, with the exception of beta 

elemene, did not exhibit any violations, so they were picked for the AutoDock 4.2 docking 

investigations. 

 

Results: According to the docking data, the chosen terpenoids showed excellent binding 

energies between -6.63 and -5.63 kcal/mol against the human P38 enzyme. The inhibition 

constant that was estimated to be in the range of 195.07 nM to 24.19 nM is consistent with the 

binding energies of the selected drugs. The terpenoids' intermolecular energies were lower than 

expected, ranging from -8.84 kcal/mol to -5.63 kcal/mol. 

 

Conclusion: In comparison to Sorafenib, which was used as the reference, the screening 

revealed that Andrographolide had a binding energy of -6.63 Kcal/mol, which was somewhat 

greater. As a result, an in silico experiment revealed andrographolide as a candidate for further 

research in the treatment of hepatocellular carcinoma 
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Introduction 

Hepatocellular carcinoma (HCC), the most common primary liver malignancy, affects adults. 

HCC is currently the leading cause of death in cirrhotic patients[1]. HCC is the third most 

typical cause of cancer-related mortality globally. The worst part of this disease, which most 

usually affects adult males, is that it is the fifth most common cancer in the world [2]. Each year, 

there are over 7.5 lakh new cases of HCC worldwide. Hepatocellular carcinoma has a very high 

death rate, hence an expeditious cure is required[3]. 

HCC is more prone to develop in those with liver disease, especially those with chronic hepatitis 

B and C[4]. Early signs are typically non existent, but later stages might result in symptoms like 

loss of weight, pain in the upper abdomen, or darkening of the skin (Jaundice). Treatment 

options include surgery, organ transplants, heating or freezing of cancer cells, and chemotherapy 

[5]. 

Many intracellular and cell surface kinases that cause angiogenesis, including as RAF (rapidly 

accelerated fibrosarcoma) kinases and VEGF receptors, are inhibited by the niacinamide and 

phenyl urea derivative sorafenib (Nexavar) [6]. It is the most significant standard treatment for 

advanced renal cell and hepatocellular carcinoma. It is also used to treat thyroid cancer that has 

developed a resistance to radioactive iodine therapy [7]. Sorafenib is one of the kinase inhibitors. 

It inhibits the protein kinase enzyme. Angiogenesis and growth signalling are the two conditions 

that sorafenib is intended to treat. In addition to inhibiting the RAF kinase enzyme, sorafenib 

also affects the VEGFR-2/PDGFR-beta signalling cascade. Sorafenib inhibits tumour 

angiogenesis by these mechanisms [8][9]. 

Drug designing is a vital strategy in the world of pharmaceutical chemistry for producing new 

compounds by chemically or molecularly modifying the lead moiety to create highly active 

molecules[10]. The assessment of the binding affinity of the complex and newly developed 

compounds in the receptor binding site is called docking of test compounds or newly developed 

components of structural-based drug design [11]. 

The goal of the current study was to use molecular docking studies to find the terpenoids that 

offered the best natural lead molecule for treating liver cancer. The following compounds were 

chosen for this study: Beta-elemene, Furanodiene, Furanodienone, Germacrone, Curcumol, and 

Andrographolide. Terpenoids are docked against the Human P38 kinase in order to discover the 

powerful lead molecule against Hepatocellular carcinoma as a prominent treatment. Sorafenib is 

the only medicine approved by the US Food and Drug Administration to treat advanced HCC. 

Unfortunately, there are some major side effects associated with this medicine, including a 
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substantial risk of bleeding [12,13]. Due to these drawbacks, new preventative and therapeutic 

approaches to this illness are required [14]. 

The current study was started to lessen the unfavourable effect with high pharmacological action 

with fewer side effects, and natural compounds from terpenoids have been picked for this study 

in order to combat these significant bad effects from the synthetic compounds as a medicine. In 

order to identify the potential lead chemical for treating liver cancer, insilico molecular docking 

was used in this investigation. 

2. METHOD AND MATERIALS 

Using software and databases: 

2.1 The use of software 

Molecular graphics laboratory (MGL) tools, AutoDock 4.2, Python 2.7, and Cygwin (a 

programme for data storage), respectively, were acquired from www.scripps.edu, 

www.python.com, and www.cygwin.com [18]. Chemsketch 2.5.5 and ACDLabs 2.5.5 were 

obtained from www.accelerys.com and www.acdlabs.com, respectively. Online smiling 

translation notation was done using cactus.nci.nih.gov/translate. 

2.2 Preparation of the target enzyme 

The crystal structure of the human P38 kinase (1IAN) protein database was downloaded from 

the research Collaboratory for Structural Bioinformatics (RCSB) protein data bank (Fig. 1). As 

part of the AutoDock Tools' preparation of the target protein 1IAN, all hydrogen atoms were 

added to the macromolecule, a procedure necessary for the precise estimate of partial atomic 

charges [15]. Three-dimensional affinity grids of size 277 277 277 with 0.6 spacing were created 

for each of the following atom kinds: HD, C, A, N, OA, and SA in order to represent all 

potential atom types in a protein. 
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Fig. 1: Human P38 kinase RCSB protein data bank (1IAN) 

 

2.3 Drug-like features of the ligands 

The standard sorafenib and furanodiene, germacrone, furanodienone, curcumol, and 

andrographolide were among the ligands produced using ChemSketch and optimised using 

"Prepare Ligands" in AutoDock 4.2. (Fig.2). The enhanced human p38 kinase enzyme was 

docked into the optimised ligand molecules using "LigandFit" in AutoDock 4.2. [17].

 

Fig. 2: The optimized ligand molecules (1 Furanodiene, 2 Germacrone, 3 Furanodienone, 4 

Curcumin, 5 Andrographolide, and 6.Standard Sorafenib) were shown in figure 2. 
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2.4 Docking methodology 

The largest database on the three-dimensional (3D) structures of enzyme targets and their 

multiplexes as determined by NMR spectroscopy, X-ray crystallography, and cryoelectron 

microscopy is the RCSB (Research Collaboratory for Structural Bioinformatics). [18]. The p38 

kinase enzyme for humans was acquired from the Protein Bank of the Research Collaboratory 

for Structural Bioinformatics (RCSB) (PDB ID: 1IAN). Using the Accelrys Discovery Studio 

viewer, the PDB file of the target enzyme was created and the hetero atoms in the molecule were 

deleted (Fig. 1). An enhanced PDB format with the PDBQT file extension was used to 

coordinate files with atomic partial charges[19,20]. Chemical structures can be illustrated using a 

programme called ChemSketch. In figure 2, the terpenoids ligands, such as β-elemene, 

Furanodiene, Furanodienone, Germacrone, Curcumol, and sorafenib the standard, were created 

using ChemSketch and optimised using "Create Ligands" in AutoDock 4.2 for use in further 

docking studies. The improved terpenoids were docked into the updated target using AutoDock 

4.2. 

For ligand conformational searching, the Lamarckian genetic algorithm (LGA), a hybrid of a 

genetic algorithm and a local search method, was used[21]. By using this method, the docked 

molecule is first randomly confirmed into a population of people (genes). When each individual 

has been adjusted to acquire slightly different translations and rotations, the population of 

individuals is next exposed to the local search algorithm's energy minimizations [22]. 

The resulting energy is passed down to the following generation, and the cycle is repeated. The 

method is Lamarckian because each new generation of individuals is allowed to inherit the local 

search modifications of their parents. AutoDock 4.2 estimates Gasteiger charges rather than 

Kollman charges for each atom in the macromolecule, in contrast to prior versions of this 

program[23]. The PDB format was used to calculate the intended ligand and the enhanced 

protein for docking in AutoDock 4.2. While it is active, the.glg file performs AutoGrid 

calculations. AutoDock's execution is managed by the dlg file[24]. 

The binding site and its energy, conformational similarity, as well as other properties like the 

inhibition constant and intermolecular energy, may all be viewed when using the AutoDock 

Tools to assess the results of docking simulations. The projected free energy of the binding 

energy of the flavonoid molecule (kcal/mol) was used to calculate the inhibition constant (Ki) of 

each ligand [25,26]. 
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Eventually, research was done on a single molecule in 10 different docked conformations. The 

binding energy, intermolecular energy, and inhibition constant of each of the selected terpenoids 

were assessed [27]. For each ligand, the top ten docking simulations against the target molecule 

were compiled. To generate diverse docked conformational poses, AutoDock 4.2 was ran many 

times [28]. Based on the docking characteristics obtained using AutoDock 4.2, the terpenoids 

were chosen for additional in vitro research. 

3. RESULTS 

The original Rule of 5 is the most needed promising profile development in novel drug 

discovery. The Rule of 5 takes on numeric values from 0 to 4 based on the potential difficulties 

of a compound on pharmacokinetic characteristics and whether the lead moieties are capable to 

reach further steps[29,30]. As such, Rule of 5 is an advantageous computational filter in drug 

candidate evaluation and the screening werewase in Medchem desig ner.In terms of ADMET 

Predictor models and descriptors, the Rule of 5 models administrates can be expressed as follow 

the following set of environments, excessive lipophilicity (MlogP) > 4.15, Molecular weight 

MWt) > 500, hydrogen bond donors (HBDH) > 5, hydrogen bond acceptors (M_NO) > 10 

[31,32] 

 

The compounds must be accepted if they only exhibit one violation; however, if they exhibit 

multiple violations, they must be excluded from the study. Similar to that in this study, beta 

elemene exhibits multiple violations, leading to its rejection and non-use in in silico studies. 

Using MedChem Designer, the terpenoids other than beta elemene's pharmacokinetic 

characteristics were studied (Table 1). All of the chosen terpenoids were evaluated and showed 

excellent pharmacokinetic characteristics, proving that they do not violate Rule of 5. The chosen 

terpenoids may be further screened for their in silico biological activity against the human P38 

kinase enzyme based on the findings. 
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Table 1: Pharmacokinetic properties of the selected Terpenoids 

       Name MWt MlogP S+logP S+logD T_PSA HBDH M_NO Rule of 5 

Number of 

Violations 

Furanodiene 216.325 3.427 5.047 5.047 13.140 0.000 1.000 0 

β-elemene 204.358 5.371 

 
5.361 5.361 0.000 0.000 0.000 2 

Furanodienone 230.309 2.728 3.766 3.766 30.210 0.000 2.000 0 

Germacrone 218.341 3.427 3.896 3.896 17.070 0.000 1.000 0 

Curcumol 236.537 3.427 3.194 3.194 29.460 1.000 2.000 0 

Andrographolide 350.458 1.801 1.287 1.287 86.990 3.000 5.000 0 

Sorafenib 464.834 3.196 5.073 5.063 92.350 3.000 7.000 0 

 

MWt - Molecular Weight; S+logP - "StarList" of ion-corrected experimental logP values; S+logD - 

octanol-water distribution coefficient; MlogP – Moriguchioctanol-water partition coefficient; 

T_PSA-Topological Polar Surface Area; HBDH - the count of HB donor protons; M_NO = total 

number of nitrogen and oxygen atoms (Ns and Os) 

The in silico molecular docking of the terpenoids against the human p38 kinase enzyme was 

investigated in the current work. Using AutoDock 4.2, tests on molecular docking revealed that 

the binding energies of the chosen flavonoids ranged from -6.63 kcal/mol to -5.02 kcal/mol 

(table 2). All terpenoids demonstrated inhibitory binding energy to the human P38 kinase 

enzyme. The predicted binding energy of the popular drug sorafenib against the human p38 

kinase enzyme was - 5.26 kcal/mol. 
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Table 2: Terpenoid’s Binding energies based on their rank 

 

Figure 2: Terpenoids docked against the human p38 kinase enzyme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compounds  Compound binding energies (Kcal/Mol) 

Furanodiene -5.63 -5.62 -5.62 -5.62 -5.62 -5.62 -5.62 -5.61 -5.61 -5.61 

Furanodienone -5.98 -5.97 -5.97 -5.97 -5.97 -5.97 -5.96 -5.96 -5.95 -5.95 

Germacrone -6.30 -6.29 -6.29 -6.23 -6.21 -6.12 -6.09 -6.09 -6.07 -6.03 

Curcumol -5.72 -5.71 -5.70 -5.70 -5.68 -5.64 -5.62 -5.62 -5.59 -5.59 

Andrographolide -6.63 -6.62 -6.62 -6.60 -6.60 -6.59 -6.58 -6.58 -6.55 -6.54 

Sorafenib -5.26 -5.24 -5.24 -5.23 -5.19 -5.19 -5.17 -5.13 -5.11 -5.10 

 

Furanodiene 

 

 

Germacrone 

 

Furanodienone 

 

 

Curcumol 
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The docked images of terpenoids against  

 

 

 

In the aforementioned illustrations, the docking images were solely displayed with the amino 

acid residues' putative binding pockets facing the enzyme. The in-silico investigations were 

carried out with Autodock 4.2. 

 

 

Table 3: Inhibition constant of the terpenoids based on their rank 

 

Compounds  Inhibition Constant of the compounds based on their rank (*nM, **mM) 

Furanodiene 75.14 77.28 78.31 85.12 89.34 99.26 101.11 105.21 109.23 112.20 

Furanodienone 41.64 43.28 45.29 47.81 52.98 55.78 68.23 71.98 75.09 77.07 

Germacrone 24.19 27.65 29.09 32.98 35.23 38.98 42.80 49.09 53.12 59.04 

Curcumol 63.85 67.90 74.25 77.01 79.05 86.76 98.15 101.56 109.76 119.89 

Andrographolide
* 

195.07 202.90 309.11 200.82 198.90 145.26 76.21 54.32 42.11 32.09 

Sorafenib 6.81 28.98 39.87 54.21 76.90 89.01 107.34 109.76 154.21 196.23 

 
 

Andrographolide 
Sorafenib 
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In addition, measurements of the inhibitory constant (Ki) and the intermolecular energy were 

made. According to Table 3, terpenoids showed inhibition constants ranging from 24.19 M to 

195.07 M. All of the selected substances displayed reduced inhibition constants when compared 

to the standard. (6.81mM). Binding energy and the inhibition constant have a linear relationship. 

Thus, the kinase inhibitory effect of the chosen terpenoids was proven using molecular 

simulations. 

 

 

 

Table 4: Intermolecular energy of the Terpenoids based on their rank 

 

In contrast to the norm (-8.84 kcal/mol), the intermolecular energy of the compounds ranged 

from -8.84 kcal/mol to -5.63 kcal/mol, as indicated in table 4. Additionally, there is a direct 

relationship between the intermolecular energy and the binding energy. We saw a simultaneous 

drop in the binding energy and a decrease in the intermolecular energy of all the chosen 

terpenoids in the current experiment. Additionally, these discoveries increase the ability of all 

the selected terpenoids to inhibit human p38 kinase. 

 

 

 

Compounds  Intermolecular energies of the compounds based on their rank 

(kcal/mol) 

Furanodiene -5.63 -5.58 -5.51 -5.49 -5.45 -5.40 -5.38 -5.32 -5.29 -5.27 

Furanodienone -5.98 -5.96 -5.93 -5.90 -5.87 -5.65 -5.52 -5.40 -5.21 -5.07 

Germacrone -6.3 -6.0 -5.87 -5.67 -5.43 -5.20 -5.08 -4.97 -4.76 -4.62 

Curcumol -6.32 -6.02 -5.98 -5.87 -5.71 -5.60 -5.38 -5.10 -5.08 -4.92 

Andrographolide
* 

-6.85 -6.67 -6.55 -6.40 -6.33 -6.21 -5.83 -5.57 -5.49 -5.20 

Sorafenib -8.84 -8.37 -8.76 -8.61 -8.03 -7.89 -7.71 -7.57 -7.43 -7.28 
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Fig. 3: Human p38 kinase enzyme conformational binding sites for andrographolide and 

conventional sorafenib 

 

a) Amino acid residues of Andrographolide with Human P38 kinase 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The images in Figure 3 above clearly highlight the similarity in the binding sites of certain 

amino acids explained previously. This bolstered the kinase inhibitory potential. 

 

 

 

a) Amino acid residues of lead moiety Andrographolide 

 

b) Amino acid residues of standard Sorafenib 
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Table 5: Docking orientations of selected Terpenoid and standard Sorafenib 

Compound 
Binding interaction with amino acid residue against Acetylcholinesterase 

enzyme 

Andrographolide LYS 290, ALA 307, HIS 308, GLU 304, PRO 1309, ALA 1307 

Sorafenib 

(Standard) 

GLN 1298, LYS 1290, GLU 1304, VAL 1300, ALA 307, ALA 1307, HIS 

1308, GLU 304, PRO 1309, GLU 1312, VAL 300, LYS 290 

   

In the current study, the terpenoids revealed the potential interaction against the enzyme Human 

P38 enzyme along with the binding site confirmations. Amino acid residues of the 

Andrographolide responsible for the Human p38 kinase inhibition was found to be, LYS 290, 

ALA 307, HIS 308, GLU 304, PRO 1309, and ALA 1307. Amino acid residues of standard 

sorafenib responsible for the kinase inhibition were found to be GLN 1298, LYS 1290, GLU 

1304, VAL 1300, ALA 307, ALA 1307, HIS 1308, GLU 304, PRO 1309, GLU 1312, VAL 

300, LYS 290 

 The amino acid residues such as LYS 290, ALA 307, GLU 304, PRO 1309, and ALA 1307 are 

dynamically involved in the inhibition of Human p38 kinase in Andrographolide and compared 

with Sorafenib. This further clarifies that Andrographolide possesses similar binding orientation 

sites when compared with the standard Sorafenib. 

 

4. Discussion 

In the current work, the most promising natural lead molecule among the terpenoids for treating 

liver cancer was sought after using molecular docking studies. A few terpenoids are docked in 

the human P38 kinase for this purpose. Andrographolide was found in the screening to have a 

binding energy of -6.63 Kcal/mol, which, when compared to the binding energy, was higher than 

the standard drug Sorafenib's (-5.26 Kcal/mol). Andrographolide was thus found through in 

silico research as a lead for further consideration in the treatment of hepatocellular cancer 

[33],[34]. 
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5. Conclusion 

The current investigation shown that, among the chosen terpenoids, the potent lead molecule 

Andrographolide exhibited outstanding binding energy and inhibitory potential compared to 

that of the conventional sorafenib. For this p38 kinase inhibitory activity to be supported in the 

treatment of hepatocellular carcinoma, additional in vitro and in vivo models are required. By 

using molecular docking, terpenoids, in particular andrographolide, can be used to confirm the 

outcomes of the innovative approach used in the Insilco study. 
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