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ABSTRACT 

Objective: This current study utilized in silico approach; drug-likeness screening, molecular docking, protein-ligand 

interactions analysis, and ADMET evaluation to assess the inhibitory potential of the compounds present in Eichhornia 

crassipes (water hyacinth) for cancer treatment with the targets CDK4/6. Methods: Computational approach was explored 

in our investigation. 57 compounds were selected from water hyacinth via literature and were subjected to drug-likeness 

screening via SwissADME online tool.  The Pubchem Identification number (PID), 3D structures, and canonical SMILES 

of compounds used in this study were retrieved from PubChem server. Three-dimensional structure of CDK4/6 were 

downloaded from the RCSB Protein Data Bank (PDB). Thereafter, the compounds that passed the screening were further 

subjected to molecular docking analysis with Schrodinger suite to identify inhibitors with superior binding affinity for 

CDK4/6. The pharmacokinetic properties of the compounds with higher binding affinity were evaluated with ADMETLab 

server. Results: As a result, five compounds (CID_5280443, CID_3469, CID_689043, CID_5281691, and CID_10742) 

and three compounds (CID_5280666, CID_5280343, and CID_5280445) with higher binding affinity than the reference 

drugs emerged as top therapeutic prospects against CDK4 and 6 respectively. Three drug candidates CID_3469, 

CID_10742, and CID_689043 showed better ADMET profiles than the control drugs while the remaining five may show 

equal output. Conclusion: This study revealed 8 hit compounds from water hyacinth with better binding affinity compared 

to control drugs against CDK4/6 targets. In addition, three drug candidates CID_3469, CID_10742, and CID_689043 

showed better ADMET profiles than the control drugs while the remaining five may show equal output. Following 

extensive experimental testing, these compounds may show potential as a viable cancer treatment.  
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INTRODUCTION 
 

Cancer is one of the most serious ailments that 

exist. It is categorized by its potential to be cell-

destructive, infectious, or metastatic. These three 

features differentiate it from benign tumors, which grow 

in a self-limited manner and do not penetrate or spread 1. 

The International Agency for Research on Cancer 

estimates that cancer resulted in 9.7 million deaths and 

20 million new diagnoses worldwide in 2022, 

emphasizing the urgency for improved cancer 

management 2. Protein kinases are employed as a 

possible pharmacological target in cancer therapy since 

they regulate about 80% of biological pathways, 

including the cell cycle's progression, transcription, 

DNA repair, and metabolic activities in several signaling 

cascades 3.  

Merely five out of the twelve isoforms of 

CDKs, which are heteromeric serine/threonine protein 

kinases, have been demonstrated to directly regulate the 

cell cycle (CDK1–CDK7) 4. In order for eukaryotic cells 

to produce and maintain DNA, the cell cycle must be 

regulated, and CDKs are vital to this process. The G1 

phase (cell growth), S phase (DNA synthesis), G2 phase 

(cell division preparation), and M phase (cell division) 

are among the cell cycle phases that CDKs are involved 

in controlling. They ensure these stages take place in a 

structured and systematic way 5. During the S phase of 

the cell cycle, CDKs are essential for starting DNA 

replication, especially those linked to particular cyclins. 

DNA synthesis initiation is facilitated by the 

phosphorylation of target proteins, mediated by these 

enzymes. By controlling the expression of genes 

involved in apoptosis, or programmed cell death, CDKs 

also contribute to this process. In broad terms, effective 

DNA development and cell proliferation depend on the 

precise control of the cell cycle by cyclin-dependent 

kinases 6. CDK plays a significant role in cell cycle and 

its dysregulation results in unchecked cell division which 

is among the hallmarks of cancer. Thus, there has been 

interest in cancer research and therapeutic development 

to comprehend and target CDKs. Most cancer cells 

exhibit either direct or indirect CDK dysfunction 7. 

Cyclin-CDKs pathway is essential in the 

regulation of the cell cycle. The activation of CDK4/6 by 

cyclin D triggers a cascade of cellular events, 

culminating in the phosphorylation of the retinoblastoma 

protein (Rb). This modification releases the transcription 

factor E2F, facilitating the expression of cell cycle-

regulated genes and driving cells from the G1 phase into 

the S phase, thereby promoting cellular proliferation 8.  

The primary challenge in the therapeutic application of 

CDK4/6 inhibitors is that patients who show initial 

response to treatment frequently go on to develop 

resistance and eventually succumb to the disease. 

Furthermore, many tumors have intrinsic preexisting 

resistance to CDK4/6 inhibitors 9.  

Eichhornia crassipes, a highly invasive aquatic 

plant belonging to the Pontederiaceae family, has been 

recognized for its diverse pharmacological properties 11. 

This plant, native to Brazil, is prevalent in tropical and 

subtropical areas, notably in Southeast Asia, the 

southeastern United States, central and western Africa, 

and Central America 10. Water hyacinth significantly 

impacts both the environment and economy, leading to 

reduced water quality and biodiversity 10. 

Notably, this water hyacinth exhibits a range of 

bioactivities, including anticancer, antioxidant, 

antimicrobial, and anti-inflammatory effects, making it a 

promising candidate for therapeutic applications 12. 

Traditionally, it has been used to treat gastrointestinal 

issues like diarrhea, digestive disorders, and parasitic 

infections. The plant's therapeutic properties stem from 

its numerous secondary metabolites, such as 

polyphenols, flavonoids, fatty acids, alkaloids, saponins, 

terpenoids, sterols, phenalene’s, phenylphenalenes, 

quinones, anthraquinones, organic acids, carbohydrates, 

and other compounds13. Studies have demonstrated that 

secondary metabolites from water hyacinth, particularly 

terpenoids and alkaloids, have a cytotoxic effect on 

cancer cells by inducing apoptosis 13. 

This current study utilized in silico approach; 

drug-likeness screening, molecular docking, protein-

ligand interactions profiling, and ADMET evaluation to 

assess the inhibitory potential of compounds present in 

Eichhornia crassipes for cancer treatment with the targets 

CDK4/6. 

 

MATERIAL AND METHODS 
 

Ligands selection  

This study conducted a comprehensive 

literature review to select the bioactive compounds 

present in Eichhornia crassipes. Fifty-seven (57) 

bioactive compounds were selected from the plant 13-14 

and palbociclib and ribociclib are used as the reference 

drugs. Table 1 presents a selection of bioactive 

compounds from the plant alongside control drugs. 

Through PubChem, a web-based chemical repository 

(https://pubchem.ncbi.nlm.nih.gov/compound/)38, we 

obtained key identifiers and structural information, 

including PIDs, SDF files, and SMILES strings. 

 

Targets selection 

CDK4/6 are the target proteins, and they were 

selected using literature 15-16. The structural data for 

CDK4 (PDB: 2W96) and CDK 6 (PDB: 1XO2) were 

retrieved from the RCSB Protein Data Bank 

(www.rcsb.org)17, providing 3D crystallographic 

information in the form of PDB. Figure 1a and b shows 

the structures of CDK 4 and 6 respectively.  

 

Drug likeness screening  

Utilizing the SwissADME online server 
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(http://swissadme.ch/) 18 and canonical SMILES, drug-

likeness screening was performed on 57 bioactive 

compounds and 2 control drugs. The analysis revealed 

39 compounds adhering to Lipinski’s rule 19-21, albeit 

potentially violating other criteria (Veber 22, Ghose 23, 

Egan 24, and Muegge 25); these were selected for 

molecular docking alongside control drugs. 

 

Targets preparation  

Using Schrodinger Suite’s Protein Preparation 

Wizard, the 3D structure of CDK4/6 underwent cleaning 

and preparation (Schrodinger suite 2022, v 13.4). This 

process involved removing co-crystallized ligands and 

waters, adding hydrogen atoms, and assigning bond 

orders, partial charges, and atom types. The proteins 

were minimized and saved in PDB format for further 

analysis. The residues in the ATP binding site of CDK4/6 

are identified from literature survey 16, 26. 

 

Molecular docking   

The docking analysis was conducted using 

Glide module of Schrodinger suite (Schrodinger suite 

2022, v 13.4). To define the binding region, a grid 

enclosing the catalytic pocket of the protein targets was 

constructed with center dimension x: 1.39, y: 37.15, z: 

139.15 for 1XO2 and x: -0.9, y: -1.24, z: 74.5 for 2W96. 

The following amino acids Ile 12, Gly 13, Val 14, Gly 

15, Val 20, Ala 33, Lys 35, Val 72, Phe 93, Glu 94, His 

95, Val 96, Asp 99, Arg 101, Thr 102, Glu 144, Asn 145, 

Leu 147, and Asp 158 for CDK4 while Lys 43, Glu 61, 

Asp 163, Val 101, Asp 104, Gln 149, Ile 19, Val 127, Ala 

41, Phe 98, His 100, Gln 103, Leu 152, and Ala 162 for 

CDK6, identified through literature review 26 as residing 

within the binding pocket of the target proteins, were 

selected for molecular docking analysis. 39 compounds 

and 2 reference drugs were docked with standard 

precision and flexible docking in the catalytic site of the 

protein targets. The force field used was OPLS4. The 

compounds with lower binding energy compared with 

the reference drugs were subjected to further analysis.    

 

Molecular interaction analysis  

The interactions between the proteins and the 

hit compounds were visualized using the Ligand 

Interaction workflow of Schrodinger suite to decipher 

hydrogen bond, hydrophobic, and other interactions. 

 

ADMET evaluation 

Utilizing the ADMETLab online server 

(https://admetlab3.scbdd.com36, we evaluated the 

ADMET profiles of hit compounds and control drugs to 

forecast their pharmacokinetic behavior.

 

 
Figure 1. Structure of CDK4 and CDK6 (from PDB) 

 

 

RESULTS 

 

Drug-likeness screening 

The screening results of drug-likeness bioactive 

compounds and reference drugs (CID_5330286 and 

CID_44631912) are shown in Table 1. Out of 57 

compounds, 39 passed the Lipinski rule of five while the 

remaining 18 compounds violated the rule and were 

eliminated from the study. Compounds meeting the 

criteria, along with control drugs, were advanced to 

molecular docking simulations with CDK4/6. 

 

Molecular docking and interaction analysis of 

CDK4/6 and ligands 

Table 2 shows the docking results of the top 8 

ligands and control drugs with the amino acid residues 

used to interact with the target proteins. CID_5280666, 

CID_5280343, and CID_5280445 bind to CDK6 with 
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binding energies of -10.4, -10.3, and -10.2 kcal/mol 

respectively compared with the control drug 

CID_44631912 with -10.1 kcal/mol binding energy. 

CID_5280443, CID_3469, CID_689043, CID_5281691, 

and CID_10742 bind to CDK4 with binding energies of 

-5.8, -5.3, -5.2, -5, and -4.9 kcal/mol respectively while 

the control drug CID_5330286 has -4.8 kcal/mol binding 

energy. Figure 2 illustrates the interaction of 

CID_5280666, CID_5280343, CID_5280445, and 

CID_44631912 with CDK6. CID_5280666 interact 

using the amino acids Gln 149, Asp 104, Val 101 (2), Glu 

61, His 100, and Lys 43 via 7 hydrogen bonds and Phe 

98 through π stacking. CID_5280343 interact with the 

amino acids Gln 149, Asp 104, Val 101 (2), Glu 61, His 

100, Asp 163, and Lys 43 through 8 hydrogen bonds. 

CID_5280445 interacts using the amino acids Gln 149, 

Asp 104, Val 101 (2), Glu 61, His 100, and Lys 43 via 7 

hydrogen bonds. CID_44631912 interact using His 100, 

and Val 101 (2) through 3 hydrogen bonds. Figure 3 

illustrates the interaction of CID_5280443, CID_3469, 

CID_689043 CID_5281691, CID_10742, and 

CID_5330286 with CDK4. CID_5280443 interact with 

the amino acids Arg 101 (2), and Asp 158 via 3 hydrogen 

bonds. CID_3469 interact using Gly 15, Lys 35, and Asn 

145, and Asp 158 via 4 hydrogen bonds, and Lys 35 via 

a salt bridge. CID_689043 interact using Val 14, and Asp 

158 (2) via 3 hydrogen bonds, and Arg 101 via a salt 

bridge. CID_5281691 interact using Arg 101 (2), and 

Asp 158 (2) via 4 hydrogen bonds. CID_10742 interact 

using Val 14, Arg 101, and Asp 158 through 3 hydrogen 

bonds. CID_5330286 interact using Thr 177 via a 

hydrogen bond.  

 

ADMET study 

The ADMET profiles of control drugs and drug 

candidates are displayed in Table 3. For absorption and 

distribution, human intestinal absorption (HIA), P-

glycoprotein substrate, blood brain barrier (BBB), and 

plasma protein binding (PPB) are recognized as 

pharmacological metrics, respectively. For metabolism, 

CYP450 1A2, CYP450 2C19, CYP450 2C9, CYP450 

2D6, and CYP450 3A4 inhibitors are considered. In 

addition, for excretion, T1/2 (drug half-life) was selected 

and ames toxicity, carcinogenicity, rat oral acute toxicity, 

drug-induced liver injury (DILI), human hepatotoxicity 

(H-HT), respiratory toxicity, human ether-a-go-go 

(hERG) blockers, and SR-p53 are considered for 

toxicity. The test compounds and control drugs exhibited 

a good absorption profile of HIA and P-glycoprotein 

substrate. All test compounds including reference drugs 

were suggested to be permeable to the blood-brain 

barrier. CID_3469, CID_10742, CID_689043, and 

control drugs showed PPB value below 90% as displayed 

in Table 3. For metabolism, all compounds including the 

control drugs are non-inhibitors of Cyp450 2C19 and 

2C9 excluding CID_5281691 and CID_5280666 which 

are inhibitors. All compounds and the control drugs are 

inhibitors of Cyp450 1A2 excluding CID_3469, 

CID_10742, and CID_689043. CID_5280443, 

CID_5281691, CID_5280445, CID_5280666, and 

CID_5280343 are inhibitors of Cyp450 3A4. The 

inhibitors of Cyp450 2D6 are CID_5280443, 

CID_5280445, and CID_5280666. The T1/2 values 

range from 0.573 to 2.456. All the compounds are not 

hERG blockers while the control drugs are hERG 

blockers. All the compounds including the control drugs 

are carcinogenic excluding CID_3469, CID_10742, and 

CID_689043. The control drugs and CID_689043 are 

toxic to human liver. The control drugs and test 

compounds can cause drug-induced liver injury 

excluding CID_3469. All test compounds and control 

drugs excluding CID_689043 are toxic to the respiratory 

tract (as shown in Table 3). 

 
Table 1. Screening results of drug-likeness of bioactive compounds and control drugs using the SwissADME web tool 

 

S/

N 
Molecule Formula MW 

XLOG

P 
TPSA 

Lipinski 

#Violation

s 

Ghose 

#Violation

s 

Veber 

#Violation

s 

Egan 

#Violation

s 

Muegge 

#Violation

s 

Bioavailabilit

y Score 

1 
CID_14545912

5 
C17H22O6 322.35 3.39 100.9 0 0 1 0 0 0.56 

2 CID_785 C6H6O2 110.11 0.59 40.46 0 3 0 0 1 0.55 

3 CID_2266 C9H16O4 188.22 1.57 74.6 0 0 0 0 1 0.85 

4 CID_1057 C6H6O3 126.11 0.52 60.69 0 3 0 0 1 0.55 

5 CID_10333 C7H8O2 124.14 1.65 40.46 0 3 0 0 1 0.55 

6 CID_5054 C6H6O2 110.11 0.8 40.46 0 3 0 0 1 0.55 

7 CID_11843 C7H8O2 124.14 1.58 40.46 0 3 0 0 1 0.55 

8 CID_289 C6H6O2 110.11 0.88 40.46 0 3 0 0 1 0.55 

9 CID_135 C7H6O3 138.12 1.58 57.53 0 3 0 0 1 0.85 

10 CID_3469 C7H6O4 154.12 1.74 77.76 0 3 0 0 1 0.56 

11 CID_689043 C9H8O4 180.16 1.15 77.76 0 0 0 0 1 0.56 

12 CID_637542 C9H8O3 164.16 1.46 57.53 0 0 0 0 1 0.85 

13 CID_445858 C10H10O4 194.18 1.51 66.76 0 0 0 0 1 0.85 

14 CID_8468 C8H8O4 168.15 1.43 66.76 0 0 0 0 1 0.85 

15 CID_10742 C9H10O5 198.17 1.04 75.99 0 0 0 0 1 0.56 

16 CID_370 C7H6O5 170.12 0.7 97.99 0 2 0 0 1 0.56 

17 CID_72 C7H6O4 154.12 1.15 77.76 0 3 0 0 1 0.56 

18 CID_338 C7H6O3 138.12 2.26 57.53 0 3 0 0 1 0.85 

19 CID_5281702 C17H14O7 330.29 3.07 109.36 0 0 0 0 0 0.55 

20 CID_5281604 C16H12O7 316.26 1.32 120.36 0 0 0 0 0 0.55 
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21 CID_5280445 C15H10O6 286.24 2.53 111.13 0 0 0 0 0 0.55 

22 CID_5280443 C15H10O5 270.24 3.02 90.9 0 0 0 0 0 0.55 

23 CID_5280666 C16H12O6 300.26 3.1 100.13 0 0 0 0 0 0.55 

24 CID_5280343 C15H10O7 302.24 1.54 131.36 0 0 0 0 0 0.55 

25 CID_5280863 C15H10O6 286.24 1.9 111.13 0 0 0 0 0 0.55 

26 CID_439246 C15H12O5 272.25 2.52 86.99 0 0 0 0 0 0.55 

27 CID_10168 C15H8O6 284.22 2.23 111.9 0 0 0 0 0 0.56 

28 CID_10207 C15H10O5 270.24 1.82 94.83 0 0 0 0 0 0.55 

29 CID_3034034 
C20H24N2O

2 
324.42 2.88 45.59 0 0 0 0 0 0.55 

30 CID_5324289 C19H21NO3 311.37 2.2 30.93 0 0 0 0 0 0.55 

31 CID_89594 C10H14N2 162.23 1.17 16.13 0 0 0 0 1 0.55 

32 CID_5284371 C18H21NO3 299.36 1.14 41.93 0 0 0 0 0 0.55 

33 CID_10235 C11H14N2O 190.24 0.18 34.03 0 0 0 0 1 0.55 

34 
CID_10128821

8 

C21H26N2O

3 
354.44 2.48 65.56 0 0 0 0 0 0.55 

35 CID_85771 C16H35O3P 306.42 5.19 56.34 0 1 1 0 1 0.55 

36 CID_570675 C14H14O 198.26 3.03 20.23 0 0 0 0 2 0.55 

37 CID_5281691 C16H12O7 316.26 1.87 120.36 0 0 0 0 0 0.55 

38 CID_10083 C18H21NO 267.37 3.04 32.26 0 0 0 0 0 0.55 

39 CID_26905 C11H8O3 188.18 2.28 54.37 0 0 0 0 1 0.55 

40 CID_5330286 
C24H29N7O

2 
447.53 1.81 105.04 0 1 0 0 0 0.55 

41 CID_44631912 C23H30N8O 434.54 2.19 91.21 0 1 0 0 0 0.55 

 

 
Table 2. Binding affinity scores, H-bond, π stacking, and π cation interaction of the hit compounds and control drugs with 

CDK4/6 

S/N PUBCHEM CID 
Binding affinity 

(kcal/mol) 
Hydrogen bond π stacking Salt bridge 

 CDK4     
1 5280443 -5.8 Arg 101 (2), Asp 158 - - 

2 3469 -5.3 Gly 15, Lys 35, Asn 145, Asp 158 - Lys 35 

3 689043 -5.2 Val 14, Asp 158 (2) - Arg 101 
4 5281691 -5 Arg 101 (2), Asp 158 (2) - - 

5 10742 -4.9 Val 14, Arg 101, Asp 158 - - 

6 5330286 (control) -4.8 Thr 177 - - 
 CDK6     

7 5280666 -10.4 Gln 149, Asp 104, Val 101 (2), Glu 61, His 100, 

Lys 43 

Phe 98 - 

8 5280343 -10.3 Gln 149, Asp 104, Val 101 (2), Glu 61, His 100, 

Lys 43, Asp 163 

- - 

9 5280445 -10.2 Gln 149, Asp 104, Val 101 (2), Glu 61, His 100, 
Lys 43 

- - 

10 44631912 (control) -10.1 His 100, Val 101 (2) - - 

 

 
Table 3. ADMET profiling of drug candidates and control drugs 

ADMET 

models 

CID_53302

86 

CID_52804

43 

CID_34

69 

CID_107

42 

CID_52816

91 

CID_6890

43 

CID_44631

912 

CID_52804

45 

CID_52806

66 

CID_52803

43 

Absorption 

& 

distribution 

          

P-

glycoprotein 

substrate 

--- - --- - --- --- --- -- - --- 

HIA --- --- --- --- - - --- --- --- -- 

BBB --- --- -- -- --- --- --- --- --- --- 

PPB 80.60% 96.50% 50.90% 76.50% 98.30% 64.70% 65.60% 97.60% 97.50% 98.70% 

Metabolism           

CYP450 1A2 

inhibitor 
+++ +++ -- --- +++ --- +++ +++ +++ +++ 

CYP450 

2C19 

inhibitor 

--- -- --- --- -- --- --- --- ++ --- 

CYP450 2C9 

inhibitor 
-- --- --- --- ++ --- --- --- --- - 

CYP450 2D6 

inhibitor 
--- +++ --- --- --- --- --- + +++ --- 

CYP450 3A4 

inhibitor 
--- +++ --- --- +++ --- --- +++ +++ +++ 

Excretion           

T1/2 0.694 1.203 1.729 2.456 1.46 2.07 0.573 1.373 1.362 1.586 

Toxicity           

Ames 

toxicity 
+ + - - + -- - + + + 
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Carcinogenic

ity 
++ ++ -- - + -- + + ++ + 

Rat oral 

acute toxicity 
+ + - - - --- ++ + - - 

H-HT +++ - - - - + +++ - - - 

DILI +++ ++ - + ++ + +++ ++ ++ ++ 

hERG 

blockers 
+++ --- --- --- --- --- +++ --- --- --- 

Respiratory 

toxicity 
+++ ++ ++ + + - +++ ++ ++ + 

SR-p53 - +++ --- --- ++ --- --- ++ +++ ++ 

 

 

 
 

Figure 2. Protein-ligand docked interaction of hit compounds and reference drug 

 

 

 

 

DISCUSSION 
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Due to the intricate, resource-intensive, and 

prolonged nature of drug discovery and development, 

there is a pressing need for efficient and cost-effective 

strategies to accelerate the identification of promising 

therapeutic candidates27. Molecular modeling has 

emerged as a transformative approach in overcoming 

drug discovery research hurdles. Specifically, molecular 

docking, MD simulation, and ADMET modeling have 

become essential tools, streamlining lead identification 

for experimental testing 27. Molecular modeling offers a 

promising approach to accelerate drug discovery, 

allowing researchers to identify potential small molecule 

therapeutics that can effectively inhibit target receptors 

and manage or treat diseases 28. Molecular docking is an 

in-silico technique that aims to accurately predict 

protein-ligand interactions, identifying binding sites and 

estimating affinity, with reliable methods distinguishing 

between binding and non-binding regions29. The success 

of a drug depends on both its biological potency and 

favorable ADMET profile. Following silico molecular 

docking predictions, potential drug candidates must 

demonstrate optimal pharmacokinetic properties, 

including absorption, distribution, metabolism, 

elimination, and non-toxicity 30.  

The drug-likeness properties of bioactive 

compounds and control drugs were assessed with the 

parameters: Molecular weight, Topological Polar 

Surface Area (TPSA), XLogP, Lipinski, Veber, Ghose, 

Egan, and Muegge rules, and Bioavailability score 

(Table 1). By analyzing a drug's pharmacological or 

biological properties, Lipinski's rule of five determines if 

it may be administered orally. According to Lipinski's 

rule of five, a drug molecule has good draggability and 

is suitable for use as a drug if its molecular weight is less 

than 500 Daltons 20. All the 39 bioactive compounds have 

molecular weight within the Lipinski’s range as shown 

in Table 1 including reference drugs and can be taken 

orally. The drug's molecular weight also affects its 

capacity to heal. When a compound's molecular weight 

rises above a certain threshold, its surface area increases, 

and its penetrability decreases 19. The permeability of 

drugs is further influenced by TPSA and Molecular 

Lipophilicity Potential (XlogP value), which together 

define oral bioavailability. XLogP, the logarithm of the 

n-octanol/water partition coefficient, is a key indicator of 

molecular lipophilicity, affecting permeability across 

biological membranes and hydrophobic interactions with 

receptors, transporters, plasma proteins, and enzymes 37. 

According to Lipinski's rule of five, a drug compound 

prefers hydrophilic (polar) media if LogP is less than 5, 

and hydrophobic (non-polar) medium if LogP is greater 

than 5 20. In this study, 38 compounds and reference 

drugs have LogP value that is less than 5 and this 

indicates that the compounds interact well in hydrophilic 

(polar) media. CID_85771 interact well in hydrophobic 

media with 5.19 LogP value. 

Molecular docking serves as a computational tool to 

predict the optimal binding conformations and inhibitory 

effects of protein-ligand complexes, driven by 

intermolecular interactions 31. Interactions between 

ligands and proteins are essential for biological 

processes, and binding and dissociation are two 

important mechanisms. Longer time spans between these 

occurrences are linked to stronger binding affinities. A 

better understanding of atomistic interactions, such as 

ligand binding and dissociation from catalytic sites, can 

be obtained by studying protein-ligand interactions3. 

This study utilizes molecular docking to evaluate the 

binding affinity of compounds to the target proteins’ 

catalytic pocket, with ligands ranked according to 

descending order of affinity. The analysis identified 

optimal docking orientations and critical interacting 

residues crucial for ligand binding. The docking result 

revealed that CID_5280666, CID_5280343, and 

CID_5280445 had better binding affinity compared to 

CID_44631912 against CDK6. It also showed that 

CID_5280443, CID_3469, CID_689043, CID_5281691, 

and CID_10742 had superior binding affinity compared 

to CID_5330286 against CDK4. Molecular docking 

simulations predict the binding conformation of a ligand 

to a protein based on geometric and electrostatic 

complementarity 32. The docking score, measured in 

kcal/mol, estimates the strength of ligand-protein 

interactions, with lower negative energies (E) indicating 

stronger binding. Therefore, the compounds with 

superior binding affinity may possess some anticancer 

properties by inhibiting the targets. The ligands interact 

with the amino acid residues Ile 12, Gly 13, Val 14, Gly 

15, Val 20, Ala 33, Lys 35, Val 72, Phe 93, Glu 94, His 

95, Val 96, Asp 99, Arg 101, Thr 102, Glu 144, Asn 145, 

Leu 147, and Asp 158 at the active pocket of CDK4 and 

Lys 43, Glu 61, Asp 163, Val 101, Asp 104, Gln 149, Ile 

19, Val 127, Ala 41, Phe 98, His 100, Gln 103, Leu 152, 

and Ala 162 at the catalytic region of CDK6.The 

compounds’ interactions with targets indicate potential 

inhibitory activity, with hydrogen bonding, pi stacking, 

and salt bridge interactions emerging as key factors in 

protein-ligand binding. 

Identifying potent drug candidates with 

tolerable ADMET profiles is one of the most crucial 

objectives of an effective drug development procedure. 

Recently, computational approaches have emerged to 

predict the pharmacokinetic profile, bioavailability, 

toxicity, and safety of novel compounds in humans, 

reducing reliance on resource-intensive experiments33. 

To accomplish this, Palbociclib and Ribociclib (as shown 

in Table 3) were used to compare the ADMET profiles 

of the eight promising inhibitors found through our 

investigation. Our goal is to exclude drugs that, when 

compared to the reference inhibitors, have higher or 

undesirable ADMET profiles. A potent small ligand 

must achieve high concentrations at its target site in the 

body to exhibit efficacy and maintain its bioactive form 
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for a sufficient duration to exert its therapeutic effects 34. 

For categorization model predictions, a six-tiered symbol 

system is employed, where probability ranges are 

represented as follows: --- (0-0.1), -- (0.1-0.3), - (0.3-

0.5), + (0.5-0.7), ++ (0.7-0.9), +++ (0.9-1.0), 

encompassing endpoints such as PPB and HIA. 

The symbols "---" or "--" indicate a molecule that is 

appropriate or harmless, while "+ + + "or "+ + " often 

indicates a molecule posing increased safety concerns or 

liability for adverse outcomes 33.  

The data presented in Table 3 show that both 

the test compounds and control drugs exhibited 

exceptional absorption characteristics with “---’’ or “--’’ 

value of HIA excluding CID_5281691 and CID_689043 

with moderate profiles of “-’’  and P-glycoprotein 

substrate with “---’’ or ”--’’ excluding CID_5280443, 

CID_10742, and CID_5280666 with moderate profiles 

of “-’’.  A study by Lin and Yamazaki (2003) 35 revealed 

that a member of the ABC (ATP-binding cassette) 

protein family, P-glycoprotein, plays a crucial role in 

cellular efflux, preventing bioaccumulation of 

compounds and modulating their biological effects. This 

indicates that the drug candidates exhibit favorable 

properties for therapeutic application. All test 

compounds including reference drugs showed profiles 

with “---’’ or “--’’ values of BBB suggesting improved 

delivery and efficacy in the central nervous system due 

to enhanced blood-brain barrier penetration. PPB is 

crucial for determining drug pharmacokinetics and 

pharmacodynamics. PPB influences oral bioavailability 

and affects the free concentration of a drug when bound 

to serum proteins. For effective therapy, a drug should 

exhibit plasma protein binding below 90%. High protein 

binding can limit therapeutic efficacy 32. With a PPB 

value below 90%, CID_3469, CID_10742, CID_689043, 

and control drugs demonstrate promising therapeutic 

potential. 

In terms of metabolism, the Cyt p450 families 

are identified as essential parameters. The observed 

inhibition of these enzyme families (denoted by +++/++) 

may imply that the hit compounds could interact with 

other medications, leading to accumulation in the body33. 

All compounds including the control drugs excelled in 

Cyt p450 2C19 and Cyt p450 2C9 (excluding 

CID_5281691 and CID_5280666). As shown in table 3, 

CID_3469, CID_10742, and CID_689043 are the drug 

candidates with the best metabolic profiles of “---’’ or “-

-’’ values. In contrast, the worst Cyt p450 profile 

compound is CID_5280666. An essential 

pharmacokinetic parameter in the excretion section is 

T1/2, or clearance. This parameter, coupled with the 

volume of distribution, consequently, establishes the 

frequency of dosing and a drug's half-life. Levels in the 

range of 0 to 0.3 exhibit outstanding empirical decision, 

output levels between 0.3 and 0.7 are considered 

average, and values over 0.7 suggest a suboptimal 

excretion pattern 33. Disappointingly, none of the hit 

compounds demonstrated satisfactory disposition 

profiles, characterized by scores of 1.203 to 2.456. 

Lastly, a critical pharmacological factor that 

may influence a drug's approval following clinical trials 

is its pharmacodynamics. In order to achieve this, we 

determined eight ADMET endpoints (respiratory 

toxicity, rat oral acute toxicity, hERG blockers, DILI, 

carcinogenicity, ames toxicity, H-HT and SR-p53) that 

may be used to gauge how well the promising inhibitors 

perform in clinical trials. The results showed that hERG 

is the only parameter in which the hit compounds 

displayed significant and consistent score excluding 

control drugs with poor output. In the parameters H-HT, 

rat oral acute, and ames toxicity, all compounds showed 

moderate toxicity excluding CID_689043 which showed 

excellent in rat oral acute toxicity, CID_5281691 and 

CID_5280343 showed poor ames toxicity, and 

CID_689043 with excellent ames toxicity profile. All hit 

compounds including the control drugs showed poor 

respiratory toxicity except CID_689043 with moderate 

output. Across other pharmacodynamics models, the 

drug candidates exhibited diverse response profiles. 

In conclusion, key findings from this ADMET 

study (Table 3) are that CID_3469, CID_10742, and 

CID_689043 emerged with favorable 

pharmacokinetic/pharmacodynamics properties, 

indicating potential therapeutic advantages over existing 

control drugs. However, other drug candidate’s ADMET 

profiles can be modified for suitable efficacy.   

 

CONCLUSION 

 

This study investigated the therapeutic potential 

of some bioactive compounds present in water hyacinth 

against CDK4/6 for cancer treatment. Out of 57 selected 

compounds, 39 compounds passed the drug-likeness 

screening and were subjected to docking analysis. Eight 

hit compounds were found to have superior binding 

affinity in comparison with reference drugs and ADMET 

study was conducted on the drug candidates and 

reference drugs. Three drug candidates CID_3469, 

CID_10742, and CID_689043 showed better ADMET 

profiles than the control drugs while the remaining five 

may show equal output. This study requires further 

optimization and experimental evaluation of the hit 

compounds for validation before subjecting to clinical 

trials.  
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Figure 3. Protein-ligand docked interaction of hit compounds and reference drug 
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