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ABSTRACT 

Uridine derivatives are important scaffolds of many organic substances, and are now drawing more and more 

interests to chemist and biochemist for the synthesis of new drugs and their pharmaceutical development. In this 

investigation, the optimization of uridine and its synthesized derivatives were employed density functional theory 

(DFT) with B3LYP/3-21G level theory to elucidate their thermal (electronic energy, enthalpy, Gibb’s free energy), 

molecular orbital (HOMO-LUMO gap, hardness, and softness) and molecular electrostatic potential (MEP) 

properties. Molecular docking has been performed against 3C-like protease protein 4YOI to explore the binding 

mode(s) and affinity with the receptor protein of derivatives (6-9 and 14), which had the better antimicrobial 

activity. It is found that, most of the derivatives are thermodynamically stable, chemically more reactive, and show 

better binding affinity than the parent drug. ADMET properties were also calculated to predict the improved 

pharmacokinetic features of all tested derivatives. This consciousness could be useful in perceiving the functions of 

uridine and their derivatives, as well as the related fervidity of other chemical and quantum properties.  
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Introduction  

Nucleoside derivatives have been extensively studied for their potential biological activities as 

antifungal, antitumor, and antiviral agents [1-5]. By modification of both the heterocyclic bases 

and the sugar moities of nucleosides that have found as agents effective against HIV (human 

immunodeficiency virus), AIDS (acquired immune deficiency syndrome), HCV (hepatitis C 

virus), and HSV (herpes simplex virus) [6,7]. Therefore, nucleoside modifications resulted in an 

increased interest in the regio- and stereoselective synthesis of nucleosides [8,9].  

Nucleoside molecule, uridine (1) is consisting of a ribose moiety linked to a pyrimidine base 

through a β-N-glycosidic bond through N1 of the pyrimidine heterocyclic base (Figure 1). It is 

essential for the synthesis of RNA and bio-membranes and regulation of normal physiological 

process and also helps to create phospholipid in the brain. Synthesis and degradation of uridine 

in the liver play main roles in controlling its plasma concentration [10]. Uridine seems to have an 

important role in the initiation and success of human reproduction, since uridine at a high 

concentration in seminal plasma was found to have a positive correlation to the ratio of motile 

spermatozoa in men with normal and abnormal spermiogram findings, indicating that the optimal 

secretory function of uridine may be associated with an increased percentage of spermatozoa 

with better motility [11]. Also, it was demonstrated that uridine increased the biosynthesis of 

hyaluronic acid in cultured corneal epithelial cells and keratinocytes, while it also enhanced 

corneal wound healing and increased the number of conjunctival goblet cells in rabbits in vivo 

[12]. These importance and developments in the pharmaceutical and biology of nucleosides and 

their analogs have motivated us to work and have led us to investigate the interesting 

computational drug-ligand properties of synthesized uridine derivatives. 

Drugs have been defined as compounds which interact with a biological system to produce a 

biological response [13]. The biological response is a function of several molecular variables that 

include its absorption, metabolism and interaction with its target. There are four molecular 

targets, namely lipids, carbohydrates, proteins and nucleic acids. Drugs interact with all these 

macromolecules in a process known as binding, and the specific area where this interaction takes 

place is called the binding site. The vast majority of drugs are targeted on proteins [13]. Thus, the 

proteins are involved in the crucial processes of the mechanism of action of nucleoside 



International Journal of New Chemistry, 2021, 8(1), 88-110.                             Md Z.H. Bulbul et al 

  
 

 90  

analogues. Therefore, drug-protein interactions can be designed by the computational chemistry. 

Computational chemistry is a popular tool to predict physicochemical, spectral, and biological 

properties of newly synthesized chemicals [14].  

In continuation to our previous work [15], the objective of the present study aims to the 

calculations of density functional theory (DFT) by using B3LYP/3-21G basis set to understand 

thermal, electrical stability and biochemical behavior of the synthesized uridine derivatives 

(Table 1). The free energy, enthalpy, dipole-moment, HOMO-LUMO gap, DOS plot and 

molecular electrostatic potential have been calculated to compare their thermal and chemical 

behavior. We employed some selected uridine derivatives (having better antibacterial and 

antifungal activity) for molecular docking aginst 3C-like protease protease protein 4YOI to 

comprehend their nonbonding interactions, binding mode and binding affinity. Pharmacokinetic 

prediction also been accomplished to compare their absorption, metabolism and toxicity as first 

time. 

NH

ON

O

OHOH

HO

O

Pyrimidine (base) Ribose (sugar) ring

+
=  Uridine (1)

 

Figure 1: Chemical structure of the uridine (1) 

Experimental 

Optimization of Modified Uridine Derivatives 

In computational chemistry, quantum mechanical methods are widely used to calculate thermal, 

molecular orbital and molecular electrostatic properties [16]. Geometry optimization and further 

modification of all uridine derivatives are carried out using Gaussian 09 program [16]. Density 

functional theory (DFT) with Beck’s (B) [17] three parameter hybrid model, Lee, Yang and 

Parr’s (LYP) [18] correlation functional under 3-21G basis set has been employed to optimize 

and predict their thermal and molecular orbital properties. Dipole moment, enthalpy, free energy, 
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entropy, heat capacity, total energy and polarizability were calculated for all the compounds. 

Frontier molecular orbital features HOMO (highest occupied molecular orbital), LUMO (lowest 

unoccupied molecular orbital) were counted at the same level of theory. For each of the uridine 

derivative, HOMO-LUMO energy gap, hardness (η), and softness (S) were calculated from the 

energies of frontier HOMO and LUMO as reported considering Parr and Pearson interpretation 

of  DFT and Koopmans theorem [19] on the correlation of ionization potential (I) and electron 

affinities (E) with HOMO and LUMO energy (ε). The following equations are used to calculate 

hardness (η), softness (S). 

                                                                 η =    S =  

Protein and Molecular Docking 

The three-dimensional crystal structure of 3C-like protease protein (PDB ID: 4YOI) was 

collected in pdb format from the protein data bank [20]. All hetero atoms and water molecules 

were took away by using PyMol (version 1.3) software packages [21]. Swiss-Pdb viewer 

software (version 4.1.0) was employed for energy minimization of the protein [22]. Then 

optimized drugs were subjected for molecular docking study against 3C-like protease protein 

(4YOI). In fine, molecular docking simulation was rendered by PyRx software (version 0.8) [23] 

considering the protein as macromolecule and the drug as ligand. AutodockVina was employed 

for docking analysis, and AutoDock Tools (ADT) of the MGL software package was used to 

convert pdb into a pdbqt format to input protein and ligands. The size of grid box in 

AutoDockVina was kept at 57.6771, 57.5418, and 61.2282 Å  for X, Y, Z directions 

respectively. After t completing  docking, both the macromolecule and ligand structures were 

saved in. pdbqt format needed by Accelrys Discovery Studio (version 4.1) to explore and 

visualize the docking result and search the non-bonding interactions between ligands and amino 

acid residues of receptor protein [24]. 

ADMET Prediction 

In order to study pharmacokinetic parameters and toxicity of the modified uridine derivatives the 

admetSAR server was utilized. We have utilized the admetSAR online database to evaluate the 

pharmacokinetics parameters related to drug absorption, metabolism and toxicity of the parent 
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drug and its designed analogues [25]. Using structure similarity search methods, admetSAR 

predicts the latest and most comprehensive manually curated data for diverse chemicals 

associated with known ADME/T profiles. Generally, drug-likeness is evaluated using Lipinski's 

rule of five [26]. Although it is quite difficult to verify all of these compounds and to know 

whether this program included uridine-based drugs or not, well known Pt-based cisplatin and 

carboplatin as well as metal based drugs approved in the FDA and in clinical trials as test 

candidates to verify our uridine derivatives. 

Configuration and Optimization of Designed Uridine Derivatives  

The newly synthesized derivatives of uridine (Table 1) used in this study were designated 

according to the reactions scheme. Uridine (1) and its derivatives were designated and optimized 

in quantum mechanical method. Table 2 shows the chemical and stable optimized structure of 

some uridine derivatives. 

Table 1. Name of the chemicals 

Entry 
Name of the tested chemicals 

Molecular 

formula 

1 Uridine C9H12N2O6 

2 5´-O-(Triphenylmethyl)uridine C28H26O6N2 

3 2´,3´-Di-O-acetyl-5´-O-(triphenylmethyl)uridine C32H30O8N2 

4 2´,3´-Di-O-propionyl-5´-O-(triphenylmethyl)uridine C34H34O8N2 

5 2´,3´-Di-O-butyryl-5´-O-(triphenylmethyl)uridine C36H38O8N2 

6 2´,3´-Di-O-heptanoyl-5´-O-(triphenylmethyl)uridine C42H50O8N2 

7 2´,3´-Di-O-octanoyl-5´-O-(triphenylmethyl)uridin C44H54O8N2 

8 2´,3´-Di-O-lauroyl-5´-O-(triphenylmethyl)uridine C52H70O8N2 

9 2´,3´-Di-O-myristoyl-5´-O-(triphenylmethyl)uridine C56H78O8N2 

10 2´,3´-Di-O-palmitoyl-5´-O-(triphenylmethyl)uridine C60H86O8N2 

11 2´,3´-Di-O-(2-bromobenzoyl)-5´-O-(triphenylmethyl)uridine C42H32O8N2Br2 

12 2´3´-Di-O-(3-bromobenzoyl)-5´-O-(triphenylmethyl)uridine C42H32O8N2Br2 

13 2´3´-Di-O-(3-chlorobenzoyl)-5´-O-(triphenylmethyl)uridine C42H32O8N2Cl2 

14 2´,3´-Di-O-dichloroacetyl-5´-O-(triphenylmethyl)uridine C32H26O8N2Cl4 
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Table 2. Stable optimized structure of uridine (1) and its derivatives. Optimized with DFT-B3LYP/3-21G 

Entry Name of the chemicals Stable optimized structure 
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Results and discussion 

Thermodynamic 

A simple modification of chemical structure significantly influences the structural properties 

including thermal and molecular orbital properties. Spontaneity of a reaction and stability of a 

product can be calculated from the free energy and enthalpy values [27]. Highly negative values 

are more eligible for gaining thermal stability. In drug design, hydrogen bond formation and non-

bonded interactions also influenced by dipole moment. Comparatively higher dipole moment can 

improve the binding property [28] of a ligand. The highest free energy is (-3925.5477 Hartree) 

observed for uridine derivative (12) which also showed the highest enthalpy (-7441.1831 

Hartree) and highest electronic energy (-7441.1988 Hartree).The highest dipole moment is 

(7.1853 Debye) observed for uridine derivative (13) whereas (9) shows the lowest value 

(1.3263Debye) (Table 3). These values gradually increased with longer carbon chains (1-10) 

(Table 8). Halogenated derivatives had better free energy and dipole moment, as evidenced by 

compounds (11) (2-Br.Bz) and (12) (3-Br.Bz), which had the highest free energy of the 

therapeutics under investigation and showed markedly improved dipole moment. 
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Table 3. The Stoichiometry electronic energy, enthalpy, Gibbs free energy in Hartree & dipole moment 

(Debye) of uridine and its derivatives 

 

Entry Stoichiometry Electronic 

Energy 

Enthalpy Gibbs free 

Energy 

Dipole 

moment 

1 C9H12N2O6 -931.0526 -931.0516 -931.1115 5.2269 

2 C28H26O6N2 -1234.0638 -1234.0628 -1234.1399 3.8469 

3 C32H30O8N2 -1937.5957 -1937.4934 -1937.6039 5.4395 

4 C34H34O8N2 -2015.7139 -2015.6415 -2015.7592 3.8713 

5 C36H38O8N2 -2093.8320 -2093.7788 -2093.8997 5.6835 

6 C42H50O8N2 -2328.2073 -2328.1966 -2328.3412 6.3714 

7 C44H54O8N2 -2406.4837 -2406.3540 -2406.5000 4.2868 

8 C52H70O8N2 -2718.9567 -2718.9086 -2719.0785 3.0790 

9 C56H78O8N2 -2875.2253 -2875.1889 -2875.3752 1.3263 

10 C60H86O8N2 -3031.5429 -3031.4805 -3031.6761 4.1886 

11 C42H32O8N2Br2 -7441.2191 -7441.1687 -7441.3040 6.7077 

12 C42H32O8N2Br2 -7441.1988 -7441.1831 -7441.3163 6.5144 

13 C42H32O8N2Cl2 -3233.5964 -3233.5658 -3233.6963 7.1853 

14 C32H26O8N2Cl4 -3767.0762 -3767.0662 -3767.1890 4.2545 

 

 

Physicochemical and thermophysical data (Table 4) showed that, among all the synthesized 

derivatives, compound (10) which have highest molecular weight (962.38 g/mol)  showed the 

highest value for Polarizability (621.3760 a.u.), Heat capacity (273.856 cal/mol-kelvin) and 

Entropy (411.679 cal/mol-kelvin). All the halogenated hetero ring containing derivatives (11-14) 

showed comparatively higher energy value. This analysis may reveal that with the increase 

molecular weight of uridine derivatives, their stability may increase and also presence of 

heteroaromatic ring increases these physicochemical properties. Moreover, presence of bulky 

acylating groups also suggesting the possible improvement of polarizabilty. Finally, it can be 

said that, all the synthesized uridine derivatives may more stable than their parent structure. 



International Journal of New Chemistry, 2021, 8(1), 88-110.                             Md Z.H. Bulbul et al 

  
 

 96  

Table 4.  Molecular weight (g/mol), Polarizability (a.u.), Heat capacity (cal/mol-kelvin), Entropy ( 

cal/mol-kelvin) and Total energy (Hartree) 

Entry Molecular weight Polarizability Heat capacity Entropy Total energy 

1 244.20 112.4993 61.530 133.206 -931.3654 

2 486.52 243.5036 107.398 213.634 -1234.8043 

3 570.59 334.9950 141.268 232.546 -1938.1073 

4 598.64 354.2670 150.435 247.664 -2016.3160 

5 626.70 371.4120 159.448 254.479 -2094.5147 

6 710.85 434.4420 189.065 304.257 -2329.1123 

7 738.91 455.2780 197.884 307.331 -2407.3307 

8 851.12 536.8673 235.417 357.506 -2720.1276 

9 907.23 581.6830 254.839 391.933 -2876.5282 

10 963.33 621.3760 273.856 411.679 -3032.9408 

11 852.52 452.2996 174.198 284.845 -7441.8790 

12 852.52 447.9690 174.287 280.305 -7441.8935 

13 763.62 450.7216 174.034 274.845 -3234.2762 

14 708.37 365.6430 153.761 258.264 -3767.6463 

 

 

Frontier Molecular Orbitals 

The frontier molecular orbitals are the most important orbitals in a molecule and they are 

considered to study the chemical reactivity and kinetic stability. These frontier molecular orbitals 

are known as the highest occupied molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO). The electronic absorption relates to the transition from the ground to 

the first excited state and mainly described by one electron excitation from HOMO to LUMO 

[29]. Kinetic stability increases with the increase of HOMO-LUMO gap. As a result, removal of 

electrons from ground state HOMO to excited state LUMO requires more energy. Table 5 

represents the values of orbital energies, along with the two global chemical descriptors, 

hardness and softness, which are also calculated for all compounds. 
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Table 5. Energy (eV) of HOMO, LUMO, energy gap, hardness & softness of analogues 

Entry 
ε
HOMO 

ε
LUMO Gap Hardness (η) Softness (S) 

1 -7.0521 -0.5551 6.4970 3.2485 0.3078 

2 -6.1428 -1.3598 4.7830 2.3915 0.4181 

3 -6.3672 -1.0291 5.3381 2.6690 0.3747 

4 -6.3495 -0.9883 5.3612 2.6806 0.3731 

5 -6.3340 -0.9138 5.4202 2.7101 0.3690 

6 -6.1759 -1.0969 5.0790 2.5395 0.3938 

7 -6.3892 -0.9159 5.4733 2.7367 0.3654 

8 -6.4222 -1.1312 5.2910 2.6455 0.3780 

9 -6.3729 -1.2781 5.0948 2.5474 0.3926 

10 -6.3397 -1.2180 5.1217 2.5608 0.3905 

11 -6.3841 -1.7723 4.6118 2.3059 0.4337 

12 -6.4265 -2.0629 4.3636 2.1818 0.4583 

13 -6.2494 -1.9821 4.2673 2.1336 0.4687 

14 -6.7046 -2.3609 4.3437 2.1718 0.4604 

 

 

The highest softness was observed for compound (13) which also showed the lowest HOMO-

LUMO gap (4.2673 eV) and hardness, indicating the molecule is more reactive than other 

compounds, according to Pearson et al [30-31]. 

On the other hand, compound (7) showed the highest HOMO-LUMO gap (5.4733 eV) (Figure 2) 

which less than our mother compound uridine (1) (6.4970 eV) which indicates that derivative (7) 

closely stable as uridine (1). Figure 3 represents the density of states (DOS) plot for highest and 

lowest energy gap of the modified derivatives. In Figure 3 the LUMO plot of the compound (7) 

showed that the electron were localized at the modified acylating group regions only, while the 

HOMO plot showed that the electron were localized on the upper part of the uracil ring. 
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Figure 2.  Molecular orbital distribution plots of HOMO & LUMO of uridine (1) and its 

derivative (7) 
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Figure 3. DOS plot and HOMO-LUMO energy gap of the compounds (7) and (13) 

 

Molecular Electrostatic Potential (MEP) 

In computer-aided drug design, the atomic charges are employed to investigate the connectivity 

between structure and biological activity of drug .The molecular electrostatic potential (MEP) is 

globally used as reactivity map displaying most suitable region for the electrophilic and 

nucleophilic attack of charged point like reagents on organic molecules [32]. It helps to interpret 

biological recognition process and hydrogen bonding interaction [33]. MEP counter map 

provides a simple way to predict how different geometry could interact. The MEP of title 

compound is obtained based on the B3LYP with basis set 3-21G optimized result and shown in 

Figure 4. The importance of MEP lies in the fact that it simultaneously displays a molecular size, 

shape as well as positive, negative and neutral electrostatic potential regions in terms of color 

grading and very useful in research of molecular structure with physicochemical properties 

relationship [34]. Molecular electrostatic potential (MEP) was calculated to forecast the reactive 

sites for electrophilic and nucleophilic attack of optimized structure of uridine derivatives (1, 6, 

11 and 14). The different values of electrostatic potential represents by different colors. Potential 

increases in the order red < orange < yellow < green < blue. Red color represent maximum 

negative area which shows favorable site for electrophilic attack, blue color indicate the 
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maximum positive area favorable for nucleophilic attack and green color represent zero potential 

area. 

          

Figure 4. Molecular electrostatic potential map of uridine (1) and derivatives of 6, 11 and 14 

 

Molecular Docking 

Molecular docking was performed for those compounds, which showed better biological 

(antibacterial and antifungal) activity against 3C-like protease protein 4YOI to investigate their 

binding mode (Table 6). Molecular docking analysis reveals that, uridine (1), which was inactive 

in antibacterial and antifungal test, showed binding affinity -6.4 kcal/mol and the binding 

affinities derivatives are followed the decreasing order of 14 < 9 < 7 < 1< 8 < 6 (-7.3 < -6.7 < -

6.5   < -6.4 < -6.2 < -6.1) kcal/mol. 
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Table 6. Binding affinity (kcal/mol) and nonbonding interactions of uridine and its derivatives 

Entry Protein Binding 

affinity 

Residues in 

contact 

Interaction 

types 

Distance  (Å) 

1 4YOI -6.4 GLU169 H 2.17493 

ALA8 H 2.66684 

GLN299 H 1.86435 

MET6 PA 4.74202 

MET298 PA 5.09706 

6 4YOI -6.1 MET168 H 2.82782 

LYS191 H 2.86757 

GLU169 H 3.02275 

GLN192 H 1.93626 

GLN195 H 2.50799 

MET168 C 3.46792 

MET168 PA 5.08213 

HIS41 PA 4.81707 

7 4YOI -6.5 GLU169 H 1.99004 

GLU195 H 2.25197 

GLU169 C 3.2292 

GLU169 C 3.16701 

GLU169 C 3.64293 

GLU169 PAn 3.5214 

GLN192 APS 4.95681 

MET168 A 5.39122 

MET25 A 4.04052 
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LEU49 A 4.35031 

LEU170 PA 5.24933 

8 4YOI -6.2 ASN161 H 2.46306 

ASN161 H 2.63193 

ASP294 PAn 3.60406 

ALA113 A 5.41242 

LYS110 PA 4.31065 

ALA113 PA 4.89685 

ALA113 PA 4.69909 

9 4YOI -6.7 THR154 H 2.00406 

ASN156 H 2.14493 

ASN161 H 2.31029 

THR292 H 2.00659 

ILE205 A 5.49962 

ALA8 A 3.87109 

ALA113 H 5.2879 

LYS110 PA 4.61681 

ALA113 PA 4.87758 

14 4YOI -7.3 MET168 H 2.57045 

GLU169 H 2.30024 

GLN192 H 1.89941 

GLN195 H 2.38905 

MET168 PA 4.8517 

H = Conventional Hydrogen Bond; C = Carbon Hydrogen Bond; A= Alkyl; PA = Pi-Alkyl; 

PAn = Pi-Anion; APS = Amide Pi-Stacked. 
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It is clear from the structural contrast compound (14) has an additional hetero aromatic 

(halogenated ring) substituent in the uridine structure, providing high density of electron in the 

molecule leading to highest binding affinity (Figure 5). To predict the shape and behavior of 

molecules non-bonding interactions are oftentimes used (Figure 6). Among the all sorts of non-

bonding interactions such as hydrogen bond (conventional hydrogen bond, carbon hydrogen 

bond), hydrophobic interactions (alkyl, Pi-alkyl, amide Pi-alkyl) and electrostatic interaction (Pi-

anion), CH/O & CH/ π are mostly noted interaction found in the drug protein interactions. Parent 

uridine (1) molecule showed interactions with Gln299 moiety of the protein including one 

intensive interaction within shorter distance 1.86435Å. In addition, alanine, methionine and 

glutamic acid interactions are observed where Glu169 exhibited a closed distance (2.17493 Å) 

due to interaction of branched alkyl chain with uracil ring. 

 

      

 

Figure 5. Docked conformation of compound (14) at A: inhibition bounding site of 4YOI and B: 

superimposed view of all compounds after rigid docking 
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In contrast with parent ligand (1), compound (6) exhibited mostly hydrophobic interactions such 

as Pi-Alkyl and carbon hydrogen and it showed most of the interactions in the case of Gln192 

with a closed distance 1.93626 Å. In case of compound (7) and (8), shorter distance interactions 

found for Glu169, Glu195 and Asn161 due to the structural fulfillment of two compounds 

allowed small amino acids to vicinity neighboring drug moiety. Moreover, compound (7) and (8) 

showed an electrostatic interaction (Pi-anion) with Glu169 and Asp294 moiety. On the other 

hand, similar non-bonding interactions such as conventional hydrogen bond, Pi alkyl and alkyl 

are observed for compounds (9) and (14). These three compounds showed prominent interactions 

with Thr154, Tyr292, Gln192 and Glu169 moiety in a closed distance. Binding affinity and 

binding specialty are increased in case of (7), (9) and (14) due to significant hydrogen bonding. 

From molecular docking analysis, the major and common residue of 4YOI active site is Gln192, 

Glu169 and Met168 form diverse nonbonding interactions with the ligand in Table 6. 

             

 

Figure 6. Non-bonding interactions of compound (9) and (14) with the amino acid residues of 4YOI 

generated by Discovery Studio 

Hydrogen-bonds execute a vital function in shaping the specificity of ligand binding with the 

receptor, drug design in chemical and biological processes, molecular recognition and biological 
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activity [35]. Hydrogen bond surface and hydrophobic surface of compound (14) consequently 

represent in Figure 7 and Figure 8. Although compound (9) showed mostly hydrogen type non-

bonding interaction but it has significant range of hydrophobicity due having hetero aromatic 

ring. 

 

 

Figure 7. Hydrogen bond surface of 4YOI with compound (14) 

 

 

Figure 8. Hydrophobic surface of 4YOI with compound (14) 
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Pharmacokinetic analysis 

Pharmacokinetic properties have been calculated to compare the absorption, metabolism, and 

toxicity of all uridine derivatives. AdmetSAR calculation (Table 7) predicts these uridine 

derivatives are non-carcinogenic and possess category III oral toxicity, so uridine derivatives 

may be suggested to be relatively harmless for oral administration. All drugs are P-glycoprotein 

non-inhibitor where P-glycoprotein inhibitor can interrupt the absorption, permeability and 

retention of the drugs. All drugs show positivity allowing for blood brain barrier. However all 

the uridine derivatives have shown weak inhibitory characteristic for human ether –a gogo-

Related Gene (hERG). Inhibitory feature of hERG can lead to long QT syndrome [36], that’s 

why further investigation is required on this aspect. Moreover, all derivatives were evaluated 

with the SwissADME web tool (Table 8) for their drug-likeness and pharmacokinetics properties 

which are crucial for rational drug design. Generally, drug-likeness is evaluated using Lipinski's 

rule of five [26]. 
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Table 7. Pharmacokinetic properties of uridine and its derivatives 

 

Entry BBB Human 

intestinal 

absorption 

P-

glycoprotein 

inhibitor 

hERG Carcinogen Acute oral 

toxicity 

1 +(0.8676) +(0.8294) NI(0.5441) WI(0.8156) NC(0.7000) III 

2 +(0.8193) +(0.9782) NI(0.8612) WI(0.9371) NC(0.7857) III 

3 +(0.8686) +(0.7392) NI(0.7595) WI(0.9834) NC(0.8488) III 

4 +(0.8294) +(0.8785) NI(0.7395) WI(0.9861) NC(0.8214) III 

5 +(0.8194) +(0.8892) NI(0.6860) WI(0.9733) NC(0.8721) III 

6 +(0.8376) +(0.8985) NI(0.5469) WI(0.9604) NC(0.8363) III 

7 +(0.8372) +(0.8983) NI(0.5463) WI(0.9597) NC(0.8227) III 

8 +(0.8360) +(0.8972) NI(0.5455) WI(0.9585) NC(0.8212) III 

9 +(0.8353) +(0.8969) NI(0.5448) WI(0.9573) NC(0.8206) III 

10 +(0.8348) +(0.8967) NI(0.5439) WI(0.9568) NC(0.8199) III 

11 +(0.9157) +(0.6568) NI(0.7320) WI(0.9822) NC(0.8529) III 

12 +(0.9090) +(0.9815) NI(0.5457) WI(0.9757) NC(0.8417) III 

13 +(0.5960) +(0.7625) NI(0.7639) WI(0.9865) NC(0.7906) III 

14 +(0.9240) +(0.8644) NI(0.8130) WI(0.9855) NC(0.8267) III 

 

+ = Positive, I = Inhibitor, NI = Non-Inhibitor, WI = Weak Inhibitor, NC = Non-Carcinogenic, III = 

Category III includes compounds with LD50 greater than 500 mg/kg but less than 5000 mg/kg. 

However, tropological polar surface area (TPSA) is likewise employed as a contributing factor 

for oral absorption and blood-brain barier permeation capacity and the screened drug-likeness of 

a molecule should have TPSA between 20 and 130 Å². The SwissADME web tool predication 

ravels that all of the ligands are in between this standard value and showed better value than the 

parent ligand. Molar refractivity and fraction of sp3 carbon atom off all derivatives increased 

with molecular weight. 

 

Table 8. Oral bioavailable parameter of uridine and its derivatives 
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Entry Molar 

Refractivity 

(Å) 

Log Po/w 

(XLOGP3) 

NRB NHA NHD TPSA 

(Å²) 

Csp3 

1 54.27 -1.98 2 6 4 124.78 0.56 

2 132.34 2.68 7 6 3 113.78 0.21 

3 151.82 3.50 11 8 1 125.92 0.25 

4 161.43 4.44 13 8 1 125.92 0.29 

5 171.05 5.16 15 8 1 125.92 0.33 

6 199.89 8.41 21 8 1 125.92 0.43 

7 209.50 9.49 23 8 1 125.92 0.45 

8 247.96 13.82 31 8 1 125.92 0.54 

9 267.19 15.99 35 8 1 125.92 0.57 

10 286.41 18.16 39 8 1 125.92 0.60 

11 207.02 8.20 13 8 1 125.92 0.14 

12 207.02 8.20 13 8 1 125.92 0.14 

13 201.64 8.08 13 8 1 125.92 0.14 

14 171.00 6.19 13 8 1 125.92 0.25 

 

 Here, NHD = No. of H-bond donors; NHA = No. of H-bond acceptor; NRB = No. of rotatable bonds; 

TPSA = Topological polar surface area; Csp3 = fraction of sp3 carbon atom.                

 

Conclusion  

In this exploration, the inherent characteristic stability and biochemical behavior of uridine and 

its synthesized derivatives were investigated successfully. The most important properties for 

biological chemistry, chemical reactivity and frontier orbital study like HOMO, LUMO, HOMO-

LUMO gap, and molecular electrostatic potential in molecule were optimized which indicates 

that it may be a good drug molecules. Most of the designed uridine derivatives have HOMO-

LUMO gap closer to uridine (1) and have exalted pharmacokinetic properties than the parent 

ligand. It was found that some modified compounds were more reactive than uridine, as showed 

lower HOMO-LUMO energy gaps and some were stable like uridine (1). Besides that, the 
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docked complex of derivatives (7, 9 and 14) with 4YOI shows the better binding affinity with 

significant nonbonding interactions than the parent molecule. Molecular electrostatic potential 

study also showed the most negative and positive surface area of investigated ligand and hence 

anticipated the suitable site for hydrogen bonding site. ADMET analysis suggested that the 

modified analogues were less toxic and have improved pharmacokinetic profile than the parent 

drug. Finally, this study may be useful to realize the chemical, thermal, physicochemical, 

biological and pharmacokinetic properties of uridine derivatives. 
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