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 Abstract: This study aims at investigating the potential pharmacological 

activity of rohitukine (a bioactive chromone alkaloid) and designing 

newer chemical compounds against cyclin-dependent kinases (CDKs) 

for the treatment of cancer. Rohitukine exhibits significant anticancer, 

anti-inflammatory, gastroprotective, insecticidal and lipid lowering 

activity. Two important rohitukine analogues, flavopiridol and P276-00 

potentially inhibits cyclin-dependent kinases (CDK1, CDK2, CDK4, 

CDK6 and CDK9) are in clinical trial II. Molecular docking studies 

showed that CDK9 is the best protein to which flavopiridol interacts (-

10.3 kcal/mol) efficiently. Two flavopiridol derivatives [N-

methylpyrrolidine ring substituted compound (A) and N-

ethylpyrrolidine ring substituted compound (B)] significantly inhibit 

CDK9 protein with binding affinity -10.8 kcal/mol and -10.4 kcal/mol 

respectively. N-fluro-pyrrolidine ring substituted Compound (D) also 

possesses consistent binding affinity to all CDKs proteins. The quantum 

mechanical calculation obtained using DFT at B3LYP/6-31G (d,p) level 

of theory demonstrated the charge distribution, dipole moment and 

thermodynamic properties of flavopiridol and the modified drugs. In 

silico pharmacokinetic studies also predicted that hydrophobicity, oral 

bioavailability, plasma protein binding were greatly enhanced in the 

modified compound (A), (B) and (D). These compounds also pass the 

blood brain barrier where the parent drug fails to penetrate the blood 

brain barrier. So CDK9 protein could be the potential target for 

compound (A) and (B) and CDK1, CDK4, CDK6 proteins for 

compound (D). Chemical synthesis and in vivo test on different cancer 

cells are required for evaluating the potentiality of this flavopiridol 

analogues. 
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1. Introduction 

Rohitukine, a natural source of chromone alkaloid possesses diverse range of biological activity including anti-cancer, 

antihyperlipidmic anti-inflammatory, anti-fertility, anti-ulcer immune- modulatory and anti-leishmanial activities 

(Chhonker et. al., 2015). Initially rohitukine was isolated from the stems and leaves of Amoora rohituka (Meliaceae) 

and later on it was isolated from stem bark of Dysoxylum binectariferum Hook. The Stem bark of Dysoxylum 

binectariferum contains the largest amount 3-7% of rohitukine of its dry weight (Kumara et. al., 2015). Because of its 

higher hydrophilicity, its oral bioavailability is greatly hampered. For this, ester modification of this compound has 

been occupied and several drugs shows positive response in this case (Kumar et. al., 2016). The anticancer activity of 

rohitukine against different cancer cell lines including leukemia, pancreatic, prostate, breast cancer and normal cell 

line CDKs has been evaluated (Kumar et. al., 2016). It also shows toxicity against lung cancer A549 cell line (Safia et. 
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al., 2015). Although the anticancer potential of this natural product is less explored, several synthetic and semi-

synthetic analogs of this drug have been developed as a potent cyclin dependant kinase (CDKs) inhibitor. Currently, 

two important semi-synthetic derivatives flavopiridol and P276-00 are in phase II and phase III clinical trials 

(Chhonker et. al., 2015, Mohanakumara et. al., 2010). That are the first clinically evaluated cyclin-dependent 

inhibitors of this bioactive compound. The cell cycle is greatly regulated by different cyclin-dependent kinases 

(CDKs) which drive each of the critical cell cycle transition points (G1, S, G2, M) (Johnson and Kornbluth, 2012). 

Genetic alteration and deregulation of CDKs associated with tumor progression and thereby suggesting that inhibitors 

of this CDKs may be important for cancer treatment (Fischer and Lane, 2000). Flavopiridol plays a key role in the 

inhibition of several CDKs including CDK1(IC50: 30 nM), CDK2(IC50:200nM), CDK4(IC50:20nM), 

CDK6(IC50:60nM) and CDK9(IC50:10nM) with significant value (Mariaule and Belmont 2014). The success of 

rohitukine analogue indicates further potential to produce more active candidates. Protein-ligand docking simulation is 

an effective computational approach to design CDK inhibitors. Protein-ligand docking simulation is an effective 

computational approach to design CDK inhibitors. 

2. Pharmacological Activity 

2.1. Anticancer activity 

The anti-cancer activity of Rohitukine, an essential isolates of the plant Dysoxylum binectariferum Hook.f against 

cancer cell line includes (leukemia, pancreatic, prostate, breast and CNS) and normal cells (kinase profiling, Cdk2/9 

inhibition) has been evaluated. Rohitukine produces promising cytotoxicity in two leukemia cell lines HL-60 and 

Molt-4 with GI50 values of 10 and 12 μM respectively. Besides moderate inhibition of Cdk2/Cyclin A and Cdk9/ 

Cyclin T1 also observed with IC50 of 7.3 and 0.3 μM (Kumar et. al., 2016). Rohitukine possesses cytotoxic activity 

against lung cancer A549 cell line stimulating ROS production after exposure for 24 hours. It triggered apoptosis via 

upregulating p53, caspase-9 and down regulating Bcl-2 protein (Safia et. al., 2015). This study also claims that 2nd 

and 3rd position of chromone ring of the drug are essential for hydrogen bond (Patil and Sawant, 2014). Rohitukine 

interacts with Cdk9/ Cyclin T1 complex at Lys48, Cys106, Asp167, Phe30 amino acid residues and shows anticancer 

activity (Kumar et. al., 2016).  

2.2. Anti-inflammatory Activity 

Rohitukine isolated from fruits and leaves extracts of Dysoxylum binectariferum Hook.f which acts on pro-

inflammatory cytokines (TNF-α and IL-6) in human monocytic THP-1 cells and shows anti-inflammatory activity 

with potent inhibition (40-51%) of TNF-a and 82-86% of IL-6 at 5-10 mM (Kumar et. al., 2017). The anti-

inflammatory activity of the phytochemical also observed in lipopolysaccharide (LPS) - stimulated J774A.1 

macrophage cells and in vivo inflammatory models. This compound significantly attenuated the LPS-induced 

production of nitric oxide, prostaglandin E2 (PGE2), interleukins (ILs) and tumour necrosis factor (TNF)-α in J774A.1 

cells. Moreover, the activation of upstream mediator nuclear factor-κB also inhibited by suppressing the 

phosphorylation of IκBα and p65 (Singh et. al., 2019). Rohitukine also showed moderate cytotoxicity against human 

HL-60 promyelocytic leukemia and HCT-116 colon cancer cells at 10 µL concentration (Ismail et. al., 2009). 

 

2.3. Gastroprotective Activity 

The isolated compound rohitukine exhibits gastroprotective effect in rat model at 10-40 mg/kg after oral route 

administration. Prominent lowering of free acidity, pepsin activity, improved the depleted level of mucin and gastrin 

level were observed. It moderately inhibited the microsomal H
+
 K

+
-ATPase activity with respect to positive control 

omeprazole (Singh et. al., 2012). 

2.4. Miscellaneous 
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Chronic feeding (50 mg/kg) of rohitukine at rat model exhibits lipid lowering activity potentially decreasing the 

plasma levels of total cholesterol, phospholipids, triglycerides, very low density lipoprotein and low density 

lipoprotein accompanied with an increase in high density lipoprotein (Mishra et. al., 2014). Rohitukine works on 

yellow fever mosquito Aedes aegypti L., & Housefly, Musca domestica L. at 0.12-0.25 ppm and 0.35- 5.76 micro 

g/insect respectively and possess potent pesticidal effects with % of mortality 28-70% and insecticidal effect with % 

of mortality 20-80% (Lakshmi et. al., 2012). The oral administration of daily dose (10 mg /kg) to rat prevent 

pregnancy on Days 17. The C-3′, C-5 and C-7 positions of the drug were active site(s) for estrogen receptor (ERα) and 

responsible for contraceptive and weak uterotropic effects (Keshri et. al., 2007). 

3. Computational Details 

Flavopiridol is an important rohitukine derived compound under clinical trial potentially inhibits cycline dependent 

kinase (CDKs) commonly CDK1, CDK2, CDK4, CDK6 and CDK9. There is a great possibility that molecular 

modifications of flavopiridol may leads to the discovery of more potential scaffold for CDKs. Here in, molecular 

docking studies has been conducted for flavopiridol derivatives against CDKs (CDK1, CDK2, CDK4, CDK6 and 

CDK9) in search of more potent CDKs inhibitor. The pharmacokonetic properties (Absorption, Distribution, 

Metabolism, Excretion and Toxicity) of the compounds were also evaluated to find the best drug of choice.  

3.1. Methodology  

3.1.1. Collection of Protein 

An extensive literature review suggested that flavopiridol and P276-00 potentially inhibits cyclin dependent kinase 

protein including CDK1, CDK2, CDK4, CDK6 and CDK9 with significant lC50 value (Mariaule and Belmont 2014). 

In this study, we used the atomic coordinates of CDK structures available at the Protein Data Bank (RCSB PDB, http: 

//www.rcsb.org). The crystal structures of CDK1(6GU7), CDK2(5OO1), CDK4(2W96), CDK6(5L2I) and 

CDK9(6GZH) proteins were retrieved from protein data bank, an online database. The unwanted macromolecules, 

hetero-atoms and water molecules from these collected protein were removed by PyMol (version 1.7.4.5) which is 

followed by energy minimization using Swiss pdb Viewer software. All the proteins were stored as .PDB format.  

3.1.2. Collection of Drugs 

Earlier researchers suggested that P276-00 is a flavopiridol analog where piperidine ring of flavopiridol was 

substituted with a pyrrolidine ring and such modification possesses significant structural activity (Kim et. al., 2000, 

Murthi 2000, De Azevedo 1996). PubChem (https://pubchem.ncbi.nlm.nih.gov) is a public repository of small 

molecules and it provides 3D structure and biological properties of the drug molecules (Li et. al., 2010). The three 

dimensional structure of flavopiridol was retrieved from PubChem database. A number of flavopiridol derivatives 

were prepared by substituting the pyridine ring of flavopiridol attached to the cromone ring structure with N-

methylpyrrolidine (compound A), N-ethylpyrrolidine (compound B), N-hydroxy-pyrrolidine (compound C), N-fluro-

pyrrolidine (compound D) and N-iodo-pyrrolidine (compound E) ring. Optimum geometry of flavopiridol, P276-00 

and other derivatives was obtained by energy minimization using Chem 3D pro 2012. All the 3D structures were 

stored as .sdf format. Two dimensional structure (2D) of Flavopiridol and its derivatives were shown in figure 1. 

Figure 1: Two dimensional structure (2D) of Flavopiridol and its derivatives were drawn using Chem draw ultra 

12.0.2.1076. The red mark indicates that modification was carried out at that position of Flavopiridol. 
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3.1.3. Molecular Docking  

In silico, molecular docking is an excellent tool used for predicting the drug candidate’s pharmacodynamic profile by 

scoring and orienting them to the receptor binding sites (Nithya et. al., 2014). Docking results determine the measure 

of ligand interaction to the active site of the targeted protein (Inbathamizh et. al., 2012). Docking simulation was 

carried out for P276-00, flavopiridol and its derivatives against CDKs (CDK1, CDK2, CDK4, CDK6 and CDK9) 

proteins using Autoock Vina wizard under PyRx platform to screen out the potential drug with maximum binding 

affinity and preferred orientations. The lowest energy of binding of the docked structure was considered as the best 

drug-receptor complex (Nithya et. al., 2014). The lowest binding energy conformer of docked molecules were 

visualized in Biovia Discovery Studio Visualizer for displaying the binding pocket and nonbond interactions of 

protein -ligand complex. 

3.1.4. In Silico ADMET Analysis 

The pharmacokinetic properties of P276-00, flavopiridol and derivatives were evaluated to estimate the efficacy and 

suitability of drugs for the CDKs molecules. In this study, admet@SAR online database (Cheng et. al., 2012) 

MedChem Designer software (Jadaun A. et al 2015) were used for calculating the ADMET (Absorption, Distribution, 

Metabolism, Excretion and Toxicity) properties of the compounds.  
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3.1.5. Density function theory (DFT) study  

In the present study, density function theory (DFT) at B3LYP/6-31G (d,p) level was executed for P276-00, 

flavopiridol and its derivatives to investigate thermodynamic parameters using Gaussian 5.0(Sachdeva 2016). The 

main criteria of this analysis is energy calculation, geometry optimizations and determination of the molecular formula 

of the newly derived compounds.  

3.1.6. Results and Discussion 

3.1.6.1. Docking Results Analysis of Drug-Protein Complex  

Docking score results determine the measure of interactions of drugs to the active site of proteins (Inbathamizh et. al., 

2012). Docking score of flavopiridol and its derivatives against CDK1(6GU7), CDK2(5OO1), CDK4(2W96), 

CDK6(5L2I) and CDK9(6GZH) proteins were presented in table 1. In this study, the drug under clinical trial, 

flavopiridol shows the maximum binding interactions -10.3 kcal/mol against 6GZH protein. Consequently lower 

binding affinity -9.6, -9.6, -9.2 and -7.8 kcal/mol observed for 6GU7, 5L2I, 2W96 and 5OO1 proteins respectively. 

Another compound P276-00 under clinical trial interacts efficiently with 6GZH(-9.4 kcal/mol) and 2W96(-9.7) 

proteins. A significant increase in bond interactions with minimum expenditure of energy noticed against CDKs 

proteins for newly derived compounds. Compound (A), (B) and (D) shows convincing binding affinity -10.8, -10.4, -

10.2 kcal/mol against 6GZH protein respectively. However, CDK9 is the most suitable protein for compound (A) and 

(B). In contrast, compound (D) represents potential docked score against 6GU7(-9.7 kcal/mol), 2W96(-9.4 kcal/mol), 

5L2I (-9.9 kcal/mol) proteins compared to flavopiridol drug. Though all the newly derived compounds exhibits 

impressive binding affinity towards CDKs proteins, the 6GZH proteins could be the potential target for compound (A) 

and (B) and 6GU7, 2W96, 5L2I proteins for compound (D). 

Table 1: Molecular docking score results (kcal/mol) of flavopiridol and its derivatives against cyclin dependent kinase 

(CDKs) proteins. 

 

Compounds 

Binding Energy of Proteins(kcal/mol) 

CDK1 

(6GU7) 

CDK2 

(5OO1) 

CDK4 

(2W96) 

CDK6 

(5L2I) 

CDK9 

(6GZH) 

Flavopiridol -9.6 -7.8 -9.2 -9.6 -10.3 

P276-00 -9.3 -7.1 -9.7 -8.5 -9.4 

Compound (A) -9.4 -7.9 -8.3 -7.4 -10.8 

Compound (B) -9.0 -7.7 -9.1 -9.2 -10.4 

Compound (C) -9.3 -8.3 -9.3 -9.5 -10.0 

Compound (D) -9.7 -7.5 -9.4 -9.9 -10.2 

Compound (E) -9.3 -7.4 -7.7 -7.1 -7.8 

 

3.1.6.2. Visualization and Analysis of Non-bond Interactions  

The PyMol and Discovery Studio Visualizer (Accelrys, Inc., USA) were utilized to analyze the docked protein-ligand 

complex interactions including hydrogen bonds, hydrophobic bonds and other interactions. The interactions of lowest 
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energy conformer of docked molecules was analyzed in table 2. Here, the parent drug flavopiridol exhibits significant 

binding affinity -10.3 kcal/mol against 6GZH protein with promising hydrogen and hydrophobic bond formation. The 

ALA153(2.679Å), ASP109(2.786Å), CYS106(2.586Å), GLN27(3.038Å), GLN27(2.710Å), ALA153(2.594Å) amino 

acid residues were important for hydrogen bond interactions with flavopiridol. A significant number of hydrophobic 

bond interactions were also observed for the parent drug within the range of 3.859 Å to 5.481 Å. Molecular 

modification of flavopiridol generated different structurally active compounds including compound (A), (B), (C), (D) 

and (E) which possess significant bond interactions with CDK9(6GZH) protein. Among all the derivatives compound 

(A) and compound (B) were the best conformer of 6GZH protein that properly oriented to the binding pocket of that 

macromolecule. The reduction of hydrogen bond distance indicates stronger hydrogen bond. Compound (A) forms 

more compact and effective hydrogen bond interactions with ASP109(2.550 Å), CYS106(2.503 Å) and 

ALA153(2.863 Å) amino acid residue of 6GZH. Increased number of hydrophobic bond (alkyl-alkyl, pi-alkyl) 

interactions were also observed in flavopiridol derived compound (A) and compound (B). Significant hydrophobic 

bond interactions was observed for compound (A) in the range of 3.670 Å -5.464 Å whreras compound (B) shows the 

hydrophobic bond ranging from 3.752 Å to 5.293 Å. Compound (B) binds to the 6GZH protein at ASP109 and 

ASP167 amino acid residues with strong hydrogen bond 1.970 Å and 3.182 Å respectively. 

Hydrophobicity of the derived compound (A) and (B) also increased compared to the parent drug as shown in figure 

2. Here, more intense the grey color greater will be the hydrophobicity and blue color indicates hydrophilicity of 

molecules (Yang et. al., 2018). Hydrophobicity of all the drugs were greatly enhanced on molecular modifications.  

 

 

 

 

Table2: Nonbond interactions of Flavopiridol, P276-00, Compound (A), Compound (B), Compound (D) against 

6GZH protein generated using Discovery studio visualizer v16.1.0.15350 

Compounds 

complex with 

6GZH protein 

Binding 

Energy 

(kcal/mol) 

Hydrogen bonds 

(Amino acid …. 

Ligands) 

Distance(Å) 

Hydrophobic Bonds 

(Amino acid ….. Ligands) 

Distance(Å) 

Flavopiridol -10.3 ALA153(2.679) 

ASP109(2.786) 

CYS106(2.586) 

GLN27(3.038) 

GLN27(2.710) 

ALA153(2.594) 

VAL33(3.859), LYS48(5.481), VAL79(5.369), 

ALA166(4.409), ILE25(4.594), 

LEU156(5.243), ILE25(5.383), VAL33(5.327), 

ALA46(4.928), LEU156(4.534), 

PHE30(5.110), PHE30(3.939) 



 International Journal of Evergreen Scientific Research                        Research Paper 
Vol.01, Issue 01, pp.15-28, November (2020)                                                                                     ISSN:2664-2409 
 

Copyright ESRC | All Rights Reserved © 2019                  Web link: https://ijesrc.com/                          7 

P276-00 -9.4 ASP109(2.516) 

CYS106(2.069) 

CYS106(2.671) 

ALA153(2.680) 

GLN27(2.182) 

VAL33(4.094), ALA153(4.599), 

VAL79(5.145), ALA166(4.181), 

ILE25(4.793), LEU156(4.993), ILE25(5.483), 

ALA46(4.949), LEU156(4.404), 

PHE30(3.774) 

Compound(A) -10.8 ASP109(2.550) 

CYS106(2.503) 

ALA153(3.031) 

ALA153(2.863) 

ASP167(3.263) 

ALA153(4.204), VAL33(4.165), 

LYS48(5.282), ALA153(4.625), 

VAL79(5.123),ALA166(4.201), ILE25(5.143), 

LEU156(4.732), ALA46(5.134), 

LEU156(4.296), PHE30(3.670), 

PHE30(4.873), PHE30(5.464) 

Compound(B) -10.4 ASP109(1.970) 

ASP167(3.182) 

ILE25(4.804), VAL33(4.112), VAL33(4.190), 

LYS48(5.167), ALA153(4.681), 

VAL79(4.994), ALA166(4.178), 

ILE25(5.118), LEU156(4.608), ALA46(4.961), 

LEU156(4.315), PHE30(3.752), 

PHE30(4.768), PHE30(5.293) 

Compound(D) -10.2 CYS106(2.403) 

CYS106(2.619) 

ALA153(3.606), VAL33(4.122), 

VAL79(5.299), ALA166(4.266), 

ILE25(4.630), LEU156(5.214), ILE25(5.371), 

ALA46(4.994), LEU156(4.487), 

PHE30(3.683), PHE30(5.141) 

 

Figure 2: Hydrophobic region of Flavopiridol , P276-00, Compound(A), Compound(B), Compound(C) and 

Compound(D) are visualized using discovery studio visualizer. 

   

Flavopiridol P276-00 Compound(A) 
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Compound(B) Compound(C) Compound(D) 

 

3.1.6.3. Thermodynamic Data Analysis  

In this study, dipole moment, charge distribution and thermodynamic properties (electronic energy, gibbs free energy 

and enthalpy) were explored in Gaussian 5.0 to estimate how modification of the parent drug impact on the drug 

properties. The stoichiometry obtained from Gaussian calculations confirmed the molecular formula of the parent drug 

and the structurally modified derivatives. The C21H20ClNO4 (compound A) and compound B possess significant 

thermodynamic properties compared to flavopiridol. The result exhibits that the calculated dipole moment of the 

modified drugs was changed. An elevated level of dipole moment increase the polar nature, hydrogen bond and non-

bond interactions of drug receptor complex (Lien et. al., 1982, Rahman et. al., 2016). The dipole moment of 

flavopiridol was found to be 8.343 Debye and two of the modified derivatives compound A and compound B show 

significant dipole moment 7.691 Debye and 7.325 Dabye respectively which is comparable to the parent drug. 

Enhanced dipole moment was observed for all the modified derivatives as compared to P276-00 (5.471 Debye). Free 

energy is an important criterion for predicting the interactions of binding partners. For spontaneous binding and 

interactions negative free energy value is required whereas positive free energy indicates binding will not occur 

spontaneously. Negative free energy value observed for all the derivatives and the highest free energy changes was 

found for compound D (-1687.714 Hartree). The free energy value of compound A and compound B were 

respectively. Compound A which was obtained by replacing pyridine ring of flavopiridol N-methylpyrrolidine 

changes the enthalpy from -1702.965 Hartree to -1627.735 Hartree. On the other hand, N-ethylpyrrolidine substituted 

(compound B) represent the enthalpy change from -1702.965 Hartree to -1667.022 Hartree. 

Table3: Stoichiometry, electronic energy, enthalpy and gibbs free energy in Hartree and dipole moment (Debye) of 

Flavopiridol and its derivatives. 

Compounds Stoichiometry Electronic 

energy 

(Hartree) 

Enthalpy 

(Hartree) 

Gibbs Free 

Energy 

(Hartree) 

Dipole 

Moment 

(Dabye) 

Flavopiridol C21H20ClNO5 -1702.966 -1702.965 -1703.044 8.343 

P276-00 C21H20ClNO5 -1702.933 -1702.932 -1703.014 5.417 

Compound (A) C21H20ClNO4 -1627.736 -1627.735 -1627.813 7.691 

Compound (B) C22H22ClNO4 -1667.023 -1667.022 -1667.103 7.325 

Compound(C) C20H18ClNO5 -1663.625 -1663.624 -1663.702 6.843 



 International Journal of Evergreen Scientific Research                        Research Paper 
Vol.01, Issue 01, pp.15-28, November (2020)                                                                                     ISSN:2664-2409 
 

Copyright ESRC | All Rights Reserved © 2019                  Web link: https://ijesrc.com/                          9 

Compound (D) C20H17ClFNO4 -1687.638 -1687.637 -1687.714 6.615 

 

3.1.6.4. Analysis of Pharmacokinetic Parameters of Drugs  

The pharmacokinetics of a drug molecule consists of its ADMET (Absorption, Distribution, Metabolism, Excretion 

and Toxicity) properties (Nisha et. al. 2016). The PreADMET server (Lee et. al., 2014) is an excellent tool were 

utilized to determine the drug-likeliness flavopiridol and its derivatives and calculated parameters were shown in table 

4. The plasma protein binding of compound (A), (B) and (D) were 92.061%, 95.491% and 100% respectively which 

indicates high degree of protein binding. On the other hand, flavopiridol shows 90.466% plasma protein binding. The 

high, middle and low degree of absorption into CNS were indicated with Cbrain/Cblood values of >2.0, 2.0-0.1 and <0.1 

respectively (Waseem et. al., 2017). Compounds having BBB value <1.0 indicates poor absorption into CNS (Ajay et. 

al., 1999). Flavopiridol (0.3484) and P276-00 (0.3089) cannot cross the blood brain barrier. The BBB value of 

compound (A), (B), (D) and (E) were 1.2405, 1.8797, 1.4969 and 2.3884 respectively demonstrated significant CNS 

penetration probability. The human intestine absorption (HIA) probability and caco-2 permeability of the derivatives 

also greatly increased. All the modified compounds shows P-glycoprotein inhibition where flavopiridol and P276-00 

were non inhibitor of P-glycoprotein. 

Lipinski`s Rule of five greatly helps in predicting the drug likeness and oral bioavailability of potential drug 

candidates in drug design and discovery (Fernandes et. al., 2016). The pharmacokinetic properties of the parent drug 

and its derivatives were analyzed using MedChem designer software which was illustrated in table 5. According to 

Lipinski`s Rule the molecular weight should be less than 500 Da, S+logp and S+logD value should be <5 and MlogP 

values would be lower than 4.15 to penetrate the biological membrane (Rout and Mahapatra 2016). The number of 

hydrogen bond donor should also be less than 5. Molecular weight of all the derived compounds decreased except for 

compound (E). The S+logP and S+logP value of all the drugs candidates were less than 5 that indicates drug likeness. 

The MlogP value also remain within the acceptance range. Improved MlogP value of Compound (A), (B), (C), (D) 

and (E) in the range 2.750-3.143 was observed compared to the parent drug (2.156) which indicates greater 

lipophilicity of drugs. There are only two hydrogen bond donor present for Compound (A), (B), (C), (D) and three is 

for compound (E). 

Table 4: Pharmacokinetic parameters of flavopiridol and its derivatives obtained from MedChem Designer Software. 

 

Compounds Pharmacokinetic Parameters 

MWt MlogP S+logP S+logD HBDH 

Flavopiridol 401.849 2.156 1.834 1.641 3 

P276-00 401.849 2.156 1.749 1.631 3 

Compound(A) 385.850 2.928 3.328 3.316 2 

Compound(B) 399.877 3.143 3.561 3.502 2 

Compound(C) 387.822 2.750 3.302 3.200 3 

Compound(D) 389.813 2.819 4.358 3.967 2 

Compound(E) 497.719 3.143 4.516 5.339 2 
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Table 5: ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicity) properties of flavopiridol and its 

derivatives predicted using PreADMET server. 

 

Compounds 

ADMET parameters 

BBB (%) Caco-2(%) 

PCaco-2 (nm/sec) 

HIA (%) Plasma Protein 

Binding(%PPB) 

Pgp inhibition 

Flavopiridol 0.3484 20.8796 92.4492 90.4665 Non Inhibitor 

P276-00 0.3089 20.8872 92.4505 90.2983 Non Inhibitor 

Compound(A) 1.2405 22.3058 94.7655 92.0613 Inhibitor 

Compound(B) 1.8797 22.984 94.9270 95.4917 Inhibitor 

Compound(C) 0.6848 20.822 92.0048 100 Inhibitor 

Compound(D) 1.4969 21.788 94.6310 100 Inhibitor 

Compound(E) 2.3884 21.9068 96.5058 95.3914 Inhibitor 

 

4. Conclusion 

Rohitukine is an important phytochemical isolated from Dysoxylum binectariferum Hook.f proved its activity against 

different cancer cell line. Flavopiridol, a potential synthetic compound derived from rohitukine exhibits significant 

anticancer activity and is under clicical trial II. Molecular modification of flavopiridol creates compound (A), (B), (C), 

(D) and (E) which were docked against cyclin dependent kinase (CDKs) proteins to find the most suitable drug for 

anticancer activity. Compound (A) and (B) effectively binds to CDK9 (6GZH) with significant binding affinity -10.8 

kcal/mol and -10.3 kcal/mol respectively. A significant increase in nonbond interactions also observed in this two 

flavopiridol derivatives. The ADMET explore that plasma protein binding, human intestinal absorption, 

hydrophobicity greatly enhanced of these compounds. The PreADMET data also claims that compound (A) and (B) 

can penetrate blood brain barrier where flavopiridol shows negative response. So this study suggests that compound 

(A) and (B) could be the potential drug target for cyclin dependent kinase 9 (CDK9) for its anticancer activity. 

Chemical synthesis, in vivo and in vitro test of these two derived compound would emphasis on their anticancer 

activity. 

Table6: Tabular Presentation of the Pharmacological Activity of Rohitukine 

Test systems Conc./Dose (Route 

of administration) 

Pharmacological Activity References 

Leukemia, pancreatic, 

prostate, breast, CNS 

cell kinase profiling, 

Cdk2/9 cell line 

 Anticancer activity: Promising cytotoxicity 

in leukemia cell (GI50= 10-12 μM) and 

(Cdk2/A Cdk9/T1) cell (IC50=7.3-0.3 μM). 

Kumar et. al. 2016 

Lung cancer A549 cell  Anticancer activity: Triggered apoptosis 

upregulating p53, caspase9 and suppressing 

Safia et. al. 2015 
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line Bcl-2 productions. 

Human monocytic THP-

1 cells 

5-10 mM Anti-inflammatory activity: Significant 

inhibition (40-51%) of TNF-a and 82-86% 

of IL-6 

Kumar et. al. 2017 

Macrophage cells 

J774A.1  

 Anti-inflammatory activity: Significantly 

decrease nitric oxide, prostaglandin E2, 

interleukins and tumour necrosis factor 

(TNF)-α. 

Singh et. al. 2019 

Rat  10-40 mg/kg,   oral 

route 

Gastroprotective activity: Attenuated 

ulcers lowering free acidity, pepsin and 

microsomal H
+
 K

+
-ATPase activity, 

Improved mucin, gastrin level. 

Singh et al 2012 

Rat 10 mg /kg/day, oral 

route 

Contraceptive activity: Prevent pregnancy 

on Days 17. 

Keshri et. al. 2007 

Rat  50 mg/kg, Chronic 

feeding 

Antidyslipidemic activity: Decrease 

plasma levels of cholesterol (24%), 

phospholipids (25%), triglycerides (27 %), 

very low density lipoprotein (27 %) and low 

density lipoprotein (32 %) and increase high 

density lipoprotein (21 %). 

Mishra et. al. 2014 

Aedes aegypti L., Musca 

domestica L. 

 

 

0.12-0.25 ppm 

0.35- 5.76 micro 

g/insect 

Pesticidal effects: with % of mortality 28-

70%. 

Insecticidal effect: % of mortality 20-80% 

Lakshmi et. al. 

2012 

Hamster 

 

 

50 mg/kg oral dose. 

 

Pharmacokinetics properties: Highest 

concentration of rohitukine found in liver. 

CCl=3.95±0.9L/h/kg, Vd= 17.34±11.34 L/kg, 

t1/2 =2.62±1.34hr, PB= ~60%. Stable in 

gastro-intestinal fluid 

Chhonker et. al. 

2015 

A549, NCI-H226, HCT-

116, and MCF-7 cell 

line 

10 µL/culture  Cytotoxicity: showed moderate cytotoxicity 

against human HL-60 promyelocytic 

leukemia and HCT-116 colon cancer cells  

Ismail et. al. 2009 
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