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Abstract The widespread occurrence of Monkeypox and Marburg virus fatalities all over the globe has 

prompted biologists, pharmacologists, chemists, and pharmacists to develop potent drug agents. This 

study generated eight compounds from pinocembrin derivatives by adding different functional groups 

to identify new effective drugs against Monkeypox and Marburg virus. Before the computational 

screening, they were optimized by material studio 08 in Density Functional Theory (DFT). Then, the 

"Highest Occupied Molecular Orbital" (HOMO), and the "Lowest Unoccupied Molecular Orbital" 

(LUMO) were analyzed, which further turned into the measurement of the chemical reactivity such as 

E(gap), hardness, softness, electronegativity, index, and chemical potential, between them. All the 

compounds were documented to have a greater hardness and softness index. After that, sequentially, 

Lipinski rule analysis, molecular docking, acute toxicity, acute systemic toxicity, Quantitative 

Structure-Activity Relationships (QSAR), and PASS prediction were all performed on these molecules 

to establish a potent medication. Firstly, the PASS prediction spectrum was taken, and these derivatives 

are highly potent antiviral compared with antibacterial, antifungal, and antidiabetics. The binding 

energy was determined using the PyRx AutoDock vina technique to identify the intermolecular protein-

ligand couplings. The presentable maximum binding affinities were -9.0 kcal/mole against the 

Monkeypox virus (PDB ID 4QWO), and the top score against the Marburg virus (PDB 4OR8) was -8.3 

kcal/mole. The pIC50 score ranges from 4.44 to 4.44 for the reported molecules. Finally, the 

pharmacokinetics showed that most of the ligands are free from carcinogenic effects, have better 

absorbance capability, have low to moderate aqueous solubility, and are ligands 01, 03, 04, 05, and 08 

might penetrate the blood-brain barrier (BBB). The pinocembrin derivatives exhibited significant 

structural and pharmacological features and can be used as prospective antiviral medicines for 

Monkeypox and Marburg viruses. However, a more experimental investigation is required on a broad 

scale to establish them as commercial medications. 

Keywords: Monkeypox virus; Marburg virus; molecular docking; DFT; PASS prediction; ADMET; 

QSAR.  
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1. Introduction 

In 1958, an epidemic of a vesicular disease among captive monkeys brought from 

Africa to Copenhagen, Denmark, for research purposes led to the discovery of MPXV. Thus, 

the term "Monkeypox" was created [1, 2]. In sub-Saharan Africa, 47 cases of human 

Monkeypox were identified between 1970 and 1979 in the initial epidemiologic research. Of 

these, 38 instances were discovered in the Democratic Republic of the Congo, with the 

remaining cases appearing in Cameroon, the Central African Republic, Gabon, Nigeria, and 

Sierra Leone[3]. Although human Monkeypox infections have historically occurred in West 

Africa, the Congo Basin of Central Africa has recorded the majority of cases since 1981[4, 5]. 

Laboratories employees in Frankfurt, Germany, Marburg, Germany, and Belgrade, Yugoslavia 

(now Serbia), contracted an infection caused by a hitherto unidentified infectious pathogen in 

August 1967. Seven of the 31 individuals (25 with original infections and six with subsequent 

infections) acquired a deadly condition. A retrospective diagnosis was made in another case 

that displayed illness symptoms [6]. African green monkeys (Chlorocebus aethiops), which 

were brought from Uganda and transported to all three locations, were found to be the cause of 

the virus. Ironically, the main infections happened when the monkeys' kidney cells were 

removed from them in order to develop poliomyelitis vaccine strains. Scientists from Marburg 

and Hamburg worked together to isolate, characterize, and identify the causative agent in a 

remarkable period of fewer than three months [7, 8]. Kunz and colleagues [9] and Kissling and 

colleagues [10] later corroborated this work. The disease, which marked the first isolation of a 

filovirus, was known as the Marburg virus after the city with the highest incidence. The earliest 

report on the causal agent of Marburg virus disease has frequently been incorrectly attributed 

to a study that claimed the enigmatic sickness was brought on by rickettsia or chlamydia [11]. 

When the third wave of SARS-CoV-2 is going on around the globe, another pandemic 

is knocking at the door, which has been happening due to Monkeypox and Marburg virus [12, 

13]. The Monkeypox virus is a DNA virus responsible for infecting global people in recent 

times. The most common places to find Monkeypox are in the west and central Africa; 

nevertheless, the virus has recently been found in various non-endemic locations outside of 

Africa, prompting plenty of alarm [14-17]. Since May 13, 2022, the World Health Organization 

(WHO) has received reports of or identified 780 laboratory-confirmed cases of Monkeypox 

from 27 Member States spread throughout four WHO regions that are not prevalent for the 

Monkeypox virus. As of June 2, 2022, these cases originated from 27 countries. Investigations 

into epidemiology are still going on [18]. Besides, The Marburg virus disease is a kind of 

catastrophic hemorrhagic fever that may be transmitted between humans and non-human 

species [19-21]. This pathogenic virus is a filovirus belonging to the family of RNA viruses 

known as filoviruses [22]. On July 7, 2022, the Ministry of Health in Ghana recognized two 

fatal instances of what they believe to be the Marburg virus disease in two distinct places within 

the Ashanti Region. Both occurrences occurred in people who had been infected with Marburg 

virus disease. Since then, policymakers worldwide have been concerned about this infection 

[22]. Although these two pathogens (Monkeypox and Marburg virus) pose a great health 

concern around the globe, there is no effective cure or potential treatment. Pinocembrin, also 

known as 5, 7-dihydroxy flavanone, is the flavonoid group of molecules available in natural 

sources and has numerous biological benefits such as antioxidant, antibacterial, antiviral, and 

anti-inflammatory functionalities [23, 24]. Therefore, the purpose of this present research was 

to investigate the antiviral effect in consequences of pinocembrin and its modified or synthetic 
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compounds by adding different functional groups, including Benzene ring and -OH, COOH, 

Cl, F, Br, I, NO2, and CH3. In this case, the computational method has been performed to 

minimize time, cost, labor, and effort. Because more than $985 million cost is required, and 

also 10-15 years to develop a medication [25], however, using computational techniques, we 

can save the risk of cost, human resources, and time and provide leads to future researchers in 

drug development. 

2. Experimental methodology 

2.1. Pass prediction. 

The development of new drug molecules has been considered complicated and 

challenging work. So, the pass perdition spectrum may be a valuable tool for primary screening 

of identifying potentiality against specified pathogens which may provide a broad range of 

biological targets and may be conceptualized based on the relatively intricate and varied 

chemical properties [26]. The PASS online tool offers the capability to make predictions for 

3678 potent biological consequences, as well as the mechanisms and exceptional toxicities of 

the chemical, such as mutagenicity, carcinogenicity, teratogenicity, and embryotoxicity, and it 

is shown by Pa and Pi score [27]. The maximum probability of active (Pa) and probability of 

inactive (Pi) score has been considered 1 Pa > Pi. A more excellent Pa score has a higher chance 

of being active, and a lower Pi score has a more significant opportunity to be inactive. The data 

was obtained in the URL mentioned (http://way2drug.com/PassOnline/predict.php)[28]. 

2.2. Determination of ADMET, Lipinski rule, and pharmacokinetics. 

Before the development of these modern technologies, many drug candidates failed 

after clinical trials due to life-threatening adverse impacts on humans. But, now, online and 

computational ADMET (absorption, distribution, metabolism, excretion, and toxicity) 

prediction reduces these chances since the ADMET profile may be obtained early stages of 

drug development. So, the ADMET data has been measured from the online web tool pkCSM 

(http://biosig.unimelb.edu.au/pkcsm/), which provided a vast number of pharmacological 

properties such as water solubility, human intestinal absorption, blood-brain barrier (BBB) 

permeability, CYP450 1A2 Inhibitor, CYP450 2C9 inhibitor, total clearance, Caco-2 

permeability, andAMES toxicity, Max. tolerated dose and hepatotoxicity, and they ensure a 

drug candidate's safety profile.  

2.3. Preparation of ligand and molecular optimization. 

Chem Bio Draw 12.0.02 has been performed to create the 2D modification structures 

of pinocembrin as ligands and exported as mole form in the specified folder of the desktop. 

Then, Chem Bio 3D 12.0.02 software was used to transform 2D to 3D illustrations, and these 

were then reduced in energy using a technique developed in the same program and stored in 

SDF format. Figure 2 and Figure 3 display the 2D and 3D structures of all ligands. Afterward, 

each structure was optimized using the material studio 08application by density functional 

theory (DFT) from the DMol code. The B3LYP functional and the 6-31G++ were utilized 

effectively in the DMol code to achieve the exact result. Then, Frontier molecular orbital, 

highest occupied molecular orbital – lowest unoccupied molecular orbital (HOMO-LUMO) 

was measured[29]. In the end, the optimized geometries were documented as protein databank 
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PDB files to be employed as substrates in molecular docking, ADMET, and another related 

computational experiment. The given formula has been used to measure quantum properties 

energy gap (E gap), chemical potential (µ), electronegativity (), hardness (), and softness (S) 

through the DFT approach[30]. 

Egap  = ( ELUMO − EHOMO) … … … … . . … … … … … … . (1) 

I = −EHOMO … … … … . … … … . . … … … … … … … … … . (2) 

A = −ELUMO … … … … … … … … … … … … … … … … … . (3) 

() =
I + A

2
… … … … … … … … … … … … … … … … … … (4) 

(µ) = −
I + A

2
… … … . … … … … … … … … … … … … … . (5) 

() =
I − A

2
… … … … … … … … … … … … … … … … … . . (6) 

(σ) =
1


… … . . … . … … … … … … … … … … … … … … … . (7) 

2.4. Protein preparation and Molecular docking study and visualization 

The microstructures of the Monkeypox virus (PDB ID 4QWO) and Marburg virus 

(PDB 4OR8) were instantaneously acquired from the PDB (protein data bank) from this URL 

(http://www.rscb.org/pdb) in pdb format. Then, the macromolecular protein was purified by 

Pymol 2020 to get fresh protein. The resolution and three-dimensional structure of fresh protein 

have been displayed in Fig.1. When the protein and ligand were prepared, the virtual screening 

was conducted by implementing PyRx AutoDock vina for molecular docking[31]. 

Monkeypox Virus (PDB ID 4QWO) Marburg virus (PDB 4OR8) 

Organism: Monkeypox virus Zaire-96-I-16 Organism: Marburg virus - Musoke, Kenya, 1980 

Method: X-ray diffraction X-ray diffraction 

Resolution: 1.52 Å Resolution: 2.65 Å 

 
Ref.[32] Ref. [33] 

Figure 1. Three-dimensional protein structure of Monkeypox and Marburgvirus. 

2.5. Determination of Lipinski rule. 

Typically, therapeutic and active oral medications have followed different rules to 

establish operational and potent medicines. Lipinski's rule of five is one of the vital 

investigations of molecules to make them for oral use, which is followed by (i.e., a molecule 

with a molecular mass less than 500 Da, no more than five hydrogen bond donors, no more 

than ten hydrogen bond acceptors, and an octanol-water partition coefficient log P not greater 
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than 5). When any molecules follow this typical Lipinski's rule of five, they should be 

considered oral and active drugs. Lipinski's score of five was obtained from the Swiss ADME 

online tool, which may access by following (http://www.swissadme.ch/index.php). 

2.6. QSAR data calculation (pIC50). 

QSAR, or quantitative structure-activity relationship, is a computer modeling technique 

for elucidating connections between the structural features of chemical substances and their 

biological functions. QSAR modeling is crucial in the search for new therapeutics. To get over 

limitations and provide accurate forecasts, a mathematical method has been deployed, which 

was developed and reported by previous research. Before that, required data were taken from 

ChemDes (www.scbdd.com/chemdes/) server ". Then, the data obtained were put into multiple 

linear regression (MLR) and the pIC50. The mentioned MLR equation was used, which is 

obtained from previous research[34, 35]; here, pIC50 (Activity) = − 2.768483965 + 

0.133928895 × (Chiv5) + 1.59986423 × (bcutm1) + (− 0.02309681) × (MRVSA9) + (− 

0.002946101) × (MRVSA6) + (0.00671218) × (PEOEVSA5) + (− 0.15963415) × (GATSv4) 

+ (0.207949857) × (J) + (0.082568569) × (Diametert) and obtained the pIC50[36]. 

3. Results and Discussion 

3.1. Structural activity relationship (SAR) studies. 

Structure-Activity Relationship, abbreviated as SAR, is a method that aims to discover 

correlations between the chemical structure (or structural-related characteristics) of researched 

metabolites and the bioactivity (or target attribute) of such biomolecules. In these studies, the 

primary compound was pinocembrin, a significant flavonoid component integrated as a 

multifunctional pharmacological effect such as antimicrobial, anti-inflammatory, antioxidant, 

and anticancer activities [37]. So, the most abundant functional group, such as the Benzene 

ring and -OH, COOH, Cl, F, Br, I, NO2, and CH3, have been picked up and substituted in the 

hydroxyl group of aromatic rings. In addition, computational screening has been conducted to 

measure how pharmacological effects change in functional groups. 

 

  
Figure 2. Chemical structure of Pinocembrin and its derivatives. 
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3.2. Optimized structure of the tested ligand. 

Molecular optimization plays molecules' most essential and fundamental features, 

making them stable [38]. The three-dimensional distribution of individual molecules may be 

predicted using a technique known as geometry optimization. This technique involves the 

reduction of a model's electric potential. According to a working hypothesis, the effects of 

binding energy, which is to suggest that stable frameworks are formed by the clustering of 

smaller structures and may be described by geometry optimization. The optimization has been 

performed in this investigation by material studio 08 software, and graphically the three-

dimensional individual optimized molecules have been written in Figure 3. 

 
01 02 03 

 
04 05 06 

 
07 08 
Figure 3. Optimized structure of Pinocembrin and its derivatives. 

3.3. Evaluation of antiviral efficacy (PASS Prediction) activity. 

Pass prediction is the initial investigation of bioactive molecules' efficacy, represented 

by the probability of active (Pa) and probability of inactive (Pi). More Pa value and less Pi 

score have a greater chance of being potent, while Pa and Pi will never equal. Bioactive 

components may have curative benefits as well as additional effects, the latter of which are 
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known as side effects. So, these innovative features of the molecules should be predicted in the 

early stages and easily understand the potency of any molecules. In Table 1, it is reported that 

the Pa score is about 0.608 -0.519 for the virus, 0.239 – 0.395 for bacteria, 0.484 – 0.582 for 

fungi, and 0.194 – 0.345 for antidiabetics. So, the ranges of Pa scores are much greater for 

antiviral compared with antibacterial, antifungal, and antidiabetic. Based on this predicted Pa 

score, Monkeypox, and Marburgvirus have been picked up to make a potent drug and a strong 

inhibitor against them. 

Table 1. Data of pass prediction data. 

Ligand No 
Antiviral (Influenza) Antibacterial Antifungal Antidiabetic 

Pa Pi Pa Pi Pa Pi Pa Pi 

01 0.608 0.005 0.395 0.031 0.582 0.020 0.214 0.147 

02 0.584 0.008 0.382 0.030 0.536 0.025 0.345 0.062 

03 0.575 0.009 0.239 0.089 0.550 0.024 0.272 0.099 

04 0.532 0.015 0.253 0.081 0.522 0.027 0.269 0.101 

05 0.532 0.015 0.287 0.065 0.526 0.044 0.249 0.114 

06 0.532 0.015 0.313 0.055 0.484 0.033 0.194 0.134 

07 0.519 0.019 0.338 0.047 0.541 0.025 0.241 0.083 

08 0.571 0.009 0.296 0.062 0.536 0.025 0.258 0.108 

3.4. Lipinski rule and pharmacokinetics. 

The goal of Lipinski's Rule of Five (RO5) has been conducted to evaluate and utilize 

in the design of pharmacological molecules that are acceptable and suitable for oral medication 

based on biological and physiochemical similarities[39]. In this investigation, the predicted 

molecular weight of the compounds is 256.25 Dalton - 458.25 Dalton, the number of rotatable 

bonds, 01 – 04, hydrogen bond acceptor 04-06, hydrogen bond donor 01-02, and the ranges of 

topological polar surface area are 55.76 Å² - 101.58 Å² and the Consensus Log is about2.26 – 

4.36 which all are within the rages of Lipinski's rule of five (RO5) and followed the guideline 

of Lipinski's Rule of Five (RO5) where no violation was not seen for any molecules. In the last 

point of view, the Bioavailability Score has been seen at 0.55 in most cases, but sometimes 

0.56 is also seen in compound 02. Accordingly, in Lipinski's RO5, all the medications may 

serve as a foundation for testing as novel oral medications. 

Table 2. Data of Lipinski rule, pharmacokinetics. 
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Result violation 

01 256.25 01 04 02 66.76 2.26 Yes 00 0.55 

02 376.36 04 06 02 93.06 3.26 Yes 00 0.56 

03 366.79 03 04 01 55.76 4.22 Yes 00 0.55 

04 350.34 03 05 01 55.76 4.0 Yes 00 0.55 

05 411.25 03 04 01 55.76 4.32 Yes 00 0.55 

06 458.25 03 04 01 55.76 4.36 Yes 00 0.55 

07 377.35 04 06 01 101.58 2.95 Yes 00 0.55 

08 346.38 03 04 01 55.76 4.01 Yes 00 0.55 
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3.5. Molecular docking and interaction analysis against Monkeypox and Marburg virus. 

According to the finding of the pass prediction score, the antiviral Pa score was the 

maximum. So, it is fascinating that this pinocembrin derivative could be effective against 

Monkeypox and Marburgvirus. So, based on this hypothesis, Monkeypox and Marburgvirus 

have been included in this investigation. 

It is thought that any active biological molecules could potentially produce 

pharmacological effects if their minimum binding energy is -6.0kcal/mole[40, 41]. The finding 

docking score against the Monkeypox virus was found to be -9.0 kcal/mol, -8.8 kcal/mol, and 

-8.7 kcal/mol as the maximum Monkeypox virus (PDB ID 4QWO), while the maximum score 

against the Marburg virus (PDB 4OR8) was reported -7.4 kcal/mole to -8.3 kcal/mole. 

Similarly, the standard (acyclovir) is displayed at -7.0 kcal/mole and -6.0 kcal/mole. 

The FDA (food and drug administration) approved medication acyclovir has been 

included in this study to compare newly developed molecules. But it is seen that the docking 

score of acyclovir is much lower against Monkeypox and Marburgvirus than the pinocembrin 

derivatives. So, this medicine could perform better pharmacological effects than standard 

acyclovir if commercially available after synthesis and clinical trials. 

Table 3. Binding Affinity against Monkeypox and Marburg virus. 

Drug Molecules No Monkeypox virus (PDB ID 4QWO) Marburg virus (PDB 4OR8) 

Binding Affinity(kcal/mole) Binding Affinity(kcal/mole) 

01 -7.5 -7.4 

02 -9.0 -8.0 

03 -8.4 -8.1 

04 -8.8 -8.3 

05 -8.4 -8.0 

06 -8.4 -8.1 

07 -8.5 -8.0 

08 -8.7 -8.3 

Standard (Acyclovir) -7.0 -6.0 

3.6. Molecular docking pose and interaction analysis against Monkeypox and Marburg virus. 

The Molecular docking pose and interaction analysis have been performed to evaluate 

the binding region of the drug-protein and how many active sides are present after the formation 

of the complex. This part of the investigation includes docking interactions between the 

proposed compound against Monkeypox and Marburg virus, hydrogen bonding, and a 2D 

picture of active sites. The drug-protein interaction and active sides displayed different active 

amino acid residues formed with different types of bonds like Conventional Hydrogen Bonds, 

Carbon hydrogen bonds, Pi-Pi stacked, and Pi-Alkyl bonds. The figures have been drawn based 

on the maximum docking score and are graphically represented A-:9. SER A: 12, ILE A: 35, 

active amino acid residues are formed in most cases of Monkeypox virus with proposed 

ligands, whereas LEU B: 223, MET B: 195, ASN B: 171, ASP B: 172, VAL B: 193 is formed 

drug with Marburg virus. The supplementary table S1 is shown the total amino acid residues 

of drugs with reported proteins. Besides Figure 4 (b) hydrogen bonding region, sky blue colors 

are displayed by the H-Bond donor region, and the H-Bond acceptor region determines the red 

color. In most cases, the H-Bonding acceptor region is more significant. So, they might be 

readily accepted hydrogen during the chemical reaction. 
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4a) Docking pocket 4b) Hydrogen bonding 4c) 2D picture of ligand and protein 

interaction 
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Figure 4. Docking interactions between the proposed compound and Monkeypox, Marburg virus, hydrogen bonding, 

and 2D picture of active sites. 

3.7. Frontier Molecular Orbitals and Chemical Reactivity Descriptor. 

Chemical descriptors have a specific meaning for any physiologically active molecule 

or bioactive compound, which has significant application from a drug designing perspective. 

https://doi.org/10.33263/BRIAC136.534
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC136.534  

https://biointerfaceresearch.com/ 11 of 21 

 

In our investigation, quantum chemical descriptors (ԑLUMO, ԑHOMO) were calculated by the 

DFT function from material studio 08[42]. After that, using a mathematical equation, the 

energy gap (Δԑ), chemical potential (µ), electronegativity (χ), hardness (ղ), and softness (σ) of 

the eight pinocembrin derivatives were measured and listed in Table 4. It is noted that the lower 

the HOMO LUMO gap greater the chance of being stabled[43]. The reported molecules found 

that ligands 03 & 06 have a 5.998 and 7. 396 energy gap, which is much lower than others, and 

they are better chemical reactivity[44]. The chemical potential and electronegativity are also 

crucial during chemical reaction formation. Besides, the greater hardness requires a higher 

force to break down, whereas the more sumptuous softness can dissolve or break down rapidly. 

Our finding reported that ligands 03 and 05 have lower hardness and better softness than 

ligands 01,02,04, 05,07, and 08. So, ligands 03 and 05 may easily break down after reaching 

physiological systems. But, the ligands 01,02,04, 05,07 may have required more time to break 

down. 

Table 4. Chemical reactivity descriptor data. 

S/N A=-LUMO 
I=- 

HOMO 

Energy Gap 

E(gap) =I-A 

Chemical 

potential 

(𝝁) = −
𝑰 + 𝑨

𝟐
 

Electronegativity 

() =
𝑰 + 𝑨

𝟐
 

Hardness 

() =
𝑰 − 𝑨

𝟐
 

Softness 

(𝛔) =
𝟏


 

01 -0.904 -9.893 8.989 5.398 -5.398 4.494 0.2225 

02 -0.998 -9.913 8.915 5.455 -5.455 4.457 0.2243 

03 -0.990 -6.988 5.998 3.989 -3.989 2.999 0.3334 

04 -1.050 -9.105 8.055 5.077 -5.077 4.027 0.2483 

05 -0.991 -8.387 7.396 4.689 -4.689 3.698 0.2704 

06 -1.910 -4.538 8.055 5.077 -5.077 4.027 0.2483 

07 -1.096 -9.919 8.823 5.507 5.507 4.411 0.2267 

08 -0.979 -9.902 8.923 5.440 -5.440 4.461 0.2261 

3.8. Frontier molecular orbitals (HOMO and LUMO) diagram. 

The Frontier Molecular Orbitals (HOMO and LUMO) diagram was illustrated by DFT 

[45, 46]. The maximal electron density concentration in the chemical compound segment that 

an electrophile may quickly attack is referred to as the HOMO segment. From the pictures, the 

red and green color segment is designed by the HOMO region [47]. Besides, the LUMO 

segments are designed in a blue and yellow hue. LUMO denotes the lack of electrons where a 

nucleophilic species may be easily replaced. It is evident that drug molecules might be attached 

to the LUMO segments [48, 49]. The Frontier Molecular Orbitals diagram is displayed in 

Figure 5. 

01 02 03 

LUMO 
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HOMO 

 

 04 05 06 

LUMO 

 

HOMO 

 

 07 08 

LUMO 
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HOMO 

 

Figure 5. A frontier molecular orbitals diagram is displayed. 

3.9. ADMET data investigation. 

Even though an inhibitor or bioactive compound has an agonistic reaction when it binds 

to a targeted pathogenic protein receptor or an enzyme, this does not always mean that it might 

develop into a proper or suitable medication if it fails in ADMET investigation [50]. A large 

percentage of active and potent drugs fail to work in clinical trials due to a lack of 

pharmacodynamics (ADME) qualities, which may cause severe damage to physiological 

systems. Consequently, ADME (absorption, distribution, metabolism, and excretion) analysis 

and drug-likeness investigation have been significant in drug development since they improve 

the proper choice about whether or not to investigate compounds have safety and efficacy in 

the physiological system and aquatic non-aquatic environment. So, the computational 

prediction of ADME has been listed. The water solubility (Log S) standard score in ADME 

data is assumed from -4 to -6 and -2 to -4 for minimum and maximum solubility substances[51]. 

In this current investigation, water solubility (Log S) ranges are predicted as -3.485 in Ligand 

01 and -2.892 in Ligand 05. In contrast, the remaining compounds are predicted to be greater 

than -4, representing that ligands 01 and 05 are maximum solubility and other ligands are 

minimum solubility. The Caco-2 Permeability ranges are about 0.27 to 1.455, and Intestinal 

absorption (human) (%) has been reported to be 73.515% - 98.954%, and it is described that 

they are highly absorbed in the GI tract[52, 53]. The substitute of different functional groups 

continuously increases the volume of distribution, and maximum VDss is reported at -0.930 

Log L/kg in addition to the carboxylic group. The BBB permeability has positively occurred 

in most ligands (01, 03, 04, 05, and 08).  

Table 5. ADME features computation. 
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01 -3.485 1.185 91.639 -0.181 No Yes No 0.148 No 

02 -4.253 0.917 73.515 -0.930 No No Yes 0.431 No 

03 -5.50 1.114 90.977 -0.601 Yes Yes Yes 0.074 No 

04 -4.995 1.168 92.03 -0.827 Yes Yes Yes 0.092 No 

05 -2.892 0.27 81.538 0.011 Yes Yes No -0.494 No 

06 -5.551 1.11 91.546 -0.576 Yes No Yes -0.236 No 

07 -5.456 1.455 98.954 -0.905 No No Yes 0.202 No 

08 -4.776 1.383 93.551 -0.512 Yes Yes Yes 0.206 No 
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On the other hand, the CYP450 1A2 Inhibitor and metabolic enzyme may be inhibited 

by (01, 03, 04, 05, and 08), while the CYP450 2C9 Inhibitor may be inhibited by (02, 03, 04, 

06, 07, and 08). The last one is Total Clearance which found the ranges 1.48 to 0.431 as 

positive, and Ligand 05 and 06 found negative scores from -0.236 to -0.494. Finally, no drugs 

can substitute for Renal OCT2 substrate. 

3.9. Aquatic and non-aquatic toxicity. 

The aquatic and non-aquatic toxicity has been conducted to determine what effects 

should impact the physiological after-administration system and environment after exposure 

during manufacturing or after excreting from human waste[54]. So, the first thing we have 

measured is AMES toxicity, which reflects that Ligand 05 and 07 should produce cariogenic 

impact while Ligand 02, 04, and 07 may produce hepatotoxicity. So, before using this specified 

medication, one should be conscious and ensure all the ligands are free from skin sensitization. 

Secondly, Max. tolerated dose range is found to be 0.390 mg/kg/day – 0.750 mg/kg/day, while 

the Oral Rat Acute Toxicity (LD50) ranges is reported to be 1.95 mole/kg to 2.577, and Oral 

Rat Chronic Toxicity ranges are about 1.096 mg/kg/day - 21.92 mg/kg/day. So, the overall 

investigation has reflected that almost all the ligands are human useable, and only a few drugs 

may produce AMES and hepatotoxicity. 

Table 6. Aquatic and non-aquatic toxicity value prediction. 

S/N 
AMES 

toxicity 

Max. tolerated 

dose (human) 

mg/kg/day) 

Oral Rat Acute 

Toxicity (LD50) 

(mol/kg) 

Oral Rat Chronic 

Toxicity 

(mg/kg/day) 

Hepatotoxicity 
Skin 

Sensitization 

01 No 0.651 1.95 1.949 No No 

02 No 0.579 2.64 1.378 Yes No 

03 No 0.578 2.549 1.11 No No 

04 No 0.750 2.577 1.236 Yes No 

05 Yes 0.438 2.482 21.92 No No 

06 No 0.574 2.572 1.096 No No 

07 Yes 0.390 2.501 1.142 Yes No 

08 No 0.499 2.536 1.671 No No 

3.10 QSAR and PlogIC50  

The quantitative structure-activity relationship (QSAR) is a computational and 

mathematical equation describing therapeutic molecules' biological activity. The mathematical 

QSAR model was working of multiple linear regression, which had been built in Excell shit by 

analyzing the computational IC50 values similar to pIC50 [-log (IC50)]. From the ChEMBL 

open-source website[55]. ChEMBL was developed by more than a million bioactive molecules 

and was founded from the eight most approved biological characteristics, including hiv5, 

bcutm1, MRVSA9, MRVSA6, PEOEVSA5, GATSv4, J, and diameter, among others[56, 57]. 

Moreover, the IC50 values are closely correlated to its structural chain, and this value 

changes with the modification in its side chain. The score of IC50 increases as the molecular 

weights of the medicine increase, but it must remain under 10.00 to be considered an efficient 

medication. As mentioned, the Table 7, it has been reported that the pIC50    is 4.44 to 4.44. It 

has been established that the range of pIC50 ratios for standard and effective medications 

should be 4.0 – 10[58]. So, the pIC50 value of drugs (01- 08) is acceptable as a standard drug 

since the value is not more than 10.0. 
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Table 7. Data commutate of QSAR. 

Ligand Chiv5 bcutm1 (MRVSA9)  (MRVSA6)  (PEOEVSA5)  GATSv4 J Diametert PIC50 

1 1.535 3.948 5.783 53.591 3.332 0.916 1.675 9 4.61 

2 2.172 3.971 11.753 83.42 30.332 0.932 1.366 15 4.44 

3 2.205 3.985 17.384 82.88 41.933 0.947 1.399 14 4.83 

4 2.08 3.969 5.783 83.674 30.332 0.832 1.399 14 5.01 

5 2.341 6.842 21.773 82.33 46.262 0.806 1.399 14 4.37 

6 2.435 10.673 28.374 81.487 30.332 0.655 1.399 14 5.08 

7 2.153 3.972 11.471 87.971 30.332 0.937 1.366 15 5.22 

8 2.183 3.969 5.783 83.42 48.028 0.947 1.399 14 6.89 

4. Conclusions 

This study's objective was to investigate effective and potent antiviral medication for 

Monkeypox and Marburg virus by adding different functional groups in the side chain of 

pinocembrin. So, pinocembrin was picked up as a primary compound and substituted with one 

hydroxyl group of pinocembrin by a different functional group. After that pass prediction 

spectrum (Pa) was evaluated, and maximum Pa was found for antiviral. So, based on the score 

of the Monkeypox and Marburg viruses were selected as targeted pathogens and performed 

numerous computational investigations, such as quantum calculation (HOMO-LUMO, energy 

gap, hardness, softness) by DFT method, likeness drug- and Lipinski rule, QSAR, ADMET, 

molecular docking, and dynamic simulation, etc. In these studies, the Pa score is about 0.608 -

0.519 for viruses, 0.239 – 0.395 for bacteria, 0.484 – 0.582 for fungi, and 0.194 – 0.345 for 

antidiabetics. So, the ranges of Pa scores are much greater for antiviral compared with 

antibacterial, antifungal, and antidiabetic; the ranges of pIC50 are 4.44 to 4.44, Max. tolerated 

dose range is found to be 0.390 mg/kg/day – 0.750 mg/kg/day, while the Oral Rat Acute 

Toxicity (LD50) ranges is reported to be 1.95 mole/kg to 2.577, and Oral Rat Chronic Toxicity 

ranges are about 1.096 mg/kg/day - 21.92 mg/kg/day. The predicted molecular weight of the 

compounds is 256.25 Dalton - 458.25 Dalton, the number of rotatable bonds, 01 – 04, hydrogen 

bond acceptor 04-06, hydrogen bond donor 01-02, and the ranges of topological polar surface 

area are 55.76 Å² - 101.58 Å² and the Consensus Log is about2.26 – 4.36 which all are within 

the rages of Lipinski's rule of five (RO5) and followed the guideline of Lipinski's Rule of Five 

(RO5) where no violation was not seen for any molecules. After comprehensive studies, it is 

found that all the medication is satisfied by the Lipinski rule, acceptable ranges of QSAR, better 

pharmacokinetics, and ADMET profile, and the most potent binding energy to inhibit the 

Monkeypox and Marburgvirus. The reported docking score was -9.0 kcal/mole, -8.8 kcal/mole, 

and -8.7 kcal/mole as the maximum against Monkeypox Virus (PDB ID 4QWO), and the 

maximum score against Marburgvirus (PDB 4OR8) was reported -7.4 kcal/mole to -8.3 

kcal/mole. So, this study revealed that the reported medication could be a better choice against 

Monkeypox and Marburg virus, and future laboratory and clinical experiments are required. 
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Supplementary materials 

Table 1.  Protein- ligands interaction with amino acid (AA) residues and their bond distance. 

Amino acid (AA) residues with Monkeypox Virus (PDB ID 4QWO) 

NO Name Distance Category Type 

01 

A: SER-12 

A: HIS-5 

A: GLU-9 

A: ILE-35 

A: ILE-35 

A:PRO-36 

3.14518 

2.0005 

2.95522 

3.7894 

3.92387 

4.84679 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Hydrophobic 

Conventional Hydrogen Bond 

Conventional Hydrogen Bond 

Conventional Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

Pi-Alkyl 

02 

A: GLU-9 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

2.84233 

3.61449 

3.32335 

3.51974 

3.5692 

Hydrogen Bond 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Conventional Hydrogen Bond 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

03 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.6961 

3.32724 

3.55037 

3.59213 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

04 

A:PRO-36 

A: PHE-17 

A: GLU-18 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.05619 

3.09242 

2.973 

4.81166 

3.88183 

3.74746 

3.8297 

Hydrogen Bond 

Halogen 

Halogen 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Carbon Hydrogen Bond 

Halogen (Fluorine) 

Halogen (Fluorine) 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

05 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.6204 

3.35478 

3.53577 

3.57856 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

06 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.5542 

3.35096 

3.54662 

3.58942 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

07 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.65988 

3.35032 

3.56046 

3.60549 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

08 

A: GLU-9 

A: SER-12 

A: ILE-35 

A: ILE-35 

3.70312 

3.33084 

3.56 

3.59948 

Electrostatic 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Pi-Anion 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

Amino acid (AA) residues with Marburg virus (PDB 4OR8) 

NO Name Distance Category Type 

01 

B: THR-72 

B: VAL-193 

B: MET-195 

B: LEU-198 

B: LEU-223 

3.58745 

3.92783 

4.9391 

5.04295 

5.28125 

Hydrogen Bond 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

02 

B: VAL-193 

B: MET-195 

B: LEU-198 

B: LEU-223 

3.9054 

4.99661 

4.9602 

5.24999 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

03 

B: THR-72 

B: VAL-193 

B: VAL-193 

B: MET-195 

NB: LEU-198 

B: LEU-223 

3.54858 

3.93642 

3.79452 

4.94436 

5.11156 

5.37298 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

04 
B: THR-72 

B: VAL-193 

3.58883 

3.90494 

Hydrogen Bond 

Hydrophobic 

Pi-Donor Hydrogen Bond 

Pi-Sigma 
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B: VAL-193 

B: MET-195 

B: LEU-198 

B: LEU-223 

3.79058 

4.98521 

5.10018 

5.40516 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

05 

B: VAL193 

B: MET-195 

B: LEU—198 

B: LEU-223 

3.92304 

5.03596 

4.97327 

5.311 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

06 

B: VAL-193 

B: MET-195 

B: LEU-198 

B: LEU-223 

3.9209 

4.99252 

4.96117 

5.24513 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

07 

B:ASP-172 

B: ASN-171 

B: VAL-193 

B: MET-195 

B: LEU-198 

B: LEU-223 

3.39445 

3.41816 

3.9116 

5.03135 

4.94716 

5.27497 

Hydrogen Bond 

Hydrogen Bond 

Hydrophobic 

Other 

Hydrophobic 

Hydrophobic 

Conventional Hydrogen Bond 

Carbon Hydrogen Bond 

Pi-Sigma 

Pi-Sulfur 

Pi-Alkyl 

Pi-Alkyl 

08 

B: GLN-71 

B: THR-72 

B: LEU-75 

B: LEU-75 

B: VAL-170 

B: VAL-193 

B: MET-195 

B: LEU-223 

3.96784 

3.56471 

3.42374 

3.73192 

5.09608 

4.75099 

4.73267 

5.12294 

Hydrogen Bond 

Hydrogen Bond 

Hydrophobic 

Hydrophobic 

Hydrophobic 

Hydrophobic 

Hydrophobic 

Hydrophobic 

Pi-Donor Hydrogen Bond 

Pi-Donor Hydrogen Bond 

Pi-Sigma 

Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

Pi-Alkyl 

[Note: TRP =Tryptophan, ASP = Aspartic acid, GLU = Glutamic acid, LEU = Leucine, THR = Threonine, ASN = 

Asparagine, GLN = Glutamine, PHE = Phenylalanine, ILE = Isoleucine, ARG = Arginine, VAL = Valine, SER = 

Serine, PRO = Proline, GLY = Glycine, HIS = Histidine, LYS = Lysine, TRP = Tryptophan, CYS = Cysteine, MET 

= Methionine.] 
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