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Abstract: In chemical graph theory, a topological index is a tool that converts a chemical structure into 

a real number used to predict a molecule's various physical and chemical properties. It finds application 

in QSPR/QSAR investigations, quantum chemistry, and stereochemistry in drug discovery and 

pharmacology. The Zika virus (ZIKV), a flavivirus spread by Aedes mosquitoes, has evolved into a 

human menace that has become a global health crisis. Because there is no specific vaccination or 

treatment for ZIKV infection, the disease is treated with repurposed anti-flaviviral medications such as 

Mefloquine, Sertraline, Niclosamide, Tizoxanide, PHA-690509, Ribavirin, Emricasan, and Sofosbuvir. 

This article predicted the physicochemical and pharmacokinetic properties (ADMET) of the anti-

flaviviral drugs using the QSPR model based on several Revan indices. The cubic regression model was 

used to analyze the relationships between these properties and indices. Further, some of the best 

predictive topological indices for the physicochemical and pharmacokinetic characteristics of anti-

flaviviral therapies are identified, which will help the pharmaceutical and biotherapeutic industries 

to create new ZIKV capsules, medications, and vaccines. 
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1. Introduction 

The Zika virus is a mosquito-borne disease of the Flavivirus genus, transmitted by 

Aedes mosquitoes that bite during the day. ZIKV was first observed in monkeys in Uganda in 

1947. Later it was identified in humans in 1952 in Uganda and the United Republic of Tanzania. 

The most recent ZIKV outbreak in the Americas gained significant public attention since Zika 

infection can result in newborn babies' microcephaly and Guillain-Barre syndrome in adults. 

In [1], a descriptive analysis of Zika virus disease was conducted and reported that females and 

young adults have a higher cumulative incidence of Zika virus than males and neurological 

complications in adults. Moreover, some clinical similarities and relationships are found in 

Africa between the Zika virus and COVID-19 pandemic [2]. Since there are no approved 

vaccines or specific therapeutics to prevent or treat ZIKV infection, in [3], J. Devillers 

identified some potential repurposed and FDA-approved drugs like Mefloquine, Sertraline, 

Niclosamide, Tizoxanide, PHA-690509, Ribavirin, Emricasan, and Sofosbuvir that are used 

against ZIKV infection. 
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Mathematical models of chemical activities are combined with graph theory in the field 

of mathematical chemistry, known as chemical graph theory. In chemical graph theory, a 

topological index is a molecular descriptor that provides a mathematical formula to any graph 

that describes a molecular structure. The indices analyze the numerical values and explore a 

molecule's various physical and chemical features. Therefore, it is a practical means of avoiding 

expensive and time-consuming laboratory tests. In mathematical chemistry, molecular 

descriptors are important in quantitative structure-property relationship (QSPR) and 

quantitative structure-activity relationship (QSAR) studies. Topological indices are used to 

determine chemical compounds' chemical and physical properties, including boiling point, 

polarizability, entropy, enthalpy of vaporization, molar volume, refraction, etc. Several 

topological indices are based on degree, distance, spectrum, eccentricity, and matching. The 

Weiner index, defined by Harold Weiner in 1947 [4], is the most well-known and extensively 

used distance-based topological to compare the boiling point of several alkane isomers. The 

Zagreb index is a degree-based topological index defined by Gutman and Trinajstic [5], to 

investigate the correlation between the total 𝝅-electron energy and molecular structure. The 

Estrada index [6] is based on the spectrum of the graph and is used in modeling the 3D structure 

of organic molecules. Currently, chemical data stores have registered more than 3000 

topological indices. In QSPR and QSAR analysis of COVID-19 drugs, degree-based 

topological indices play a significant role [7-24]. In this article, we consider Revan indices 

based on Revan vertex degree to perform QSPR analysis which was defined by V. R. Kulli in 

[25]. 

Artificial intelligence, machine learning, and mathematical models have been used in 

drug discovery in recent years, which facilitate a new pathway in the history of pharmaceutical 

development. The physical and chemical characteristics, such as flash point, polar surface area, 

enthalpy, etc., and pharmaco-kinetic characteristics, such as absorption, distribution, 

metabolism, excretion, and toxicity (ADMET), are crucial in the design of pharmaceutical 

drugs. Finding and developing new drugs takes a lot of time, effort, and resources because the 

process is laborious and complex. Pharmacokinetics, a subfield of pharmacology, is the study 

that explains how medicine interacts with the body. Studying a drug's ADMET characteristics 

is essential for drug development and discovery. Pharmacokinetic studies examine the drug's 

rate of absorption, distribution within the body, rate of metabolization, rate of elimination from 

the body, and whether the drug has any harmful effects on organs or systems. The QSPR/QSAR 

modeling is one of the most important methods to correlate a chemical compound's molecular 

structure to various physicochemical and ADMET properties, providing useful information for 

drug development. Recently in [26], the ADMET properties and QSPR analysis of drugs 

against the Omicron variant of COVID-19 disease with some degree-based topological indices 

via M-polynomial were investigated. 

Recently many researchers have been working on different topological indices for 

various antiviral, anticancer, COVID-19, antituberculosis, and asthma drugs to establish QSPR 

models with linear, quadratic, and cubic regression analyses between physicochemical 

properties of the drugs and topological indices. In [27], Havare examined the QSPR study 

utilizing curvilinear regression models for COVID-19 drugs and found that cubic regression 

models offer the most accurate assessment of the physicochemical characteristics of antiviral 

drugs used to treat COVID-19 patients. These works motivate us to study QSPR models of 

anti-flaviviral drugs for treating the Zika virus using the cubic regression method.  
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2. Materials and Methods 

Let 𝑮 be a connected graph with the vertex set 𝑽(𝑮) and edge set 𝑬(𝑮). The degree of 

a vertex 𝒖 given by 𝒅𝑮(𝒖) is the number of vertices adjacent at 𝒖. The maximum and minimum 

degree of a graph 𝑮 is given as ∆(𝑮) and 𝜹(𝑮), respectively. The Revan vertex degree of a 

vertex 𝒖 ∈ 𝑮 is defined as 𝒓𝑮(𝒖) = ∆(𝑮) +  𝜹(𝑮) − 𝒅𝑮(𝒖).The edge 𝒖𝒗 denotes the Revan 

edge connecting the Revan vertices 𝒖 and 𝒗. A molecular graph is a graph-theoretical depiction 

of the chemical structure of a compound, where the vertices are the atoms of the molecule and 

the edges are chemical bonds between the atoms, with double bonds being considered parallel 

edges. 

The Revan indices are defined as follows: 

The first and second Revan indices [25] of a graph 𝑮 is defined as 

𝑹𝟏(𝑮) = ∑ [𝒓𝑮(𝒖) + 𝒓𝑮(𝒗)]𝒖𝒗∈𝑬(𝑮) ,                    𝑹𝟐(𝑮) = ∑ 𝒓𝑮(𝒖)𝒓𝑮(𝒗)𝒖𝒗∈𝑬(𝑮)  

The first and second hyper Revan indices [28] of a graph 𝑮 is defined as 

  𝑯𝑹𝟏(𝑮) = ∑ [𝒓𝑮(𝒖) + 𝒓𝑮(𝒗)]𝟐
𝒖𝒗∈𝑬(𝑮) ,          𝑯𝑹𝟐(𝑮) = ∑ [𝒓𝑮(𝒖)𝒓𝑮(𝒗)]𝟐

𝒖𝒗∈𝑬(𝑮)  

The modified first and second Revan indices [29] of a graph 𝑮 is defined as 

𝑹𝟏(𝑮) 
𝒎 = ∑

𝟏

𝒓𝑮(𝒖)+𝒓𝑮(𝒗)𝒖𝒗∈𝑬(𝑮)  ,                        𝑹𝟐(𝑮) 
𝒎 = ∑

𝟏

𝒓𝑮(𝒖)𝒓𝑮(𝒗)𝒖𝒗∈𝑬(𝑮)  

The sum connectivity Revan index [30] of a graph 𝑮 is defined as 

𝑺𝑹(𝑮) = ∑
𝟏

√𝒓𝑮(𝒖) + 𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

 

The product connectivity Revan index [31] of a graph 𝑮 is defined as 

𝑷𝑹(𝑮) = ∑
𝟏

√𝒓𝑮(𝒖)𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

 

The F-Revan index [32] of a graph 𝑮 is defined as 

𝑭𝑹(𝑮) = ∑ [𝒓𝑮(𝒖)𝟐 + 𝒓𝑮(𝒗)𝟐]

𝒖𝒗∈𝑬(𝑮)

 

The Atom-Bond connectivity Revan index [33] of a graph 𝑮 is defined as 

𝑨𝑩𝑪𝑹(𝑮) = ∑ √
𝒓𝑮(𝒖) + 𝒓𝑮(𝒗) − 𝟐

𝒓𝑮(𝒖)𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

 

The Geometric-Arithmetic Revan index [33] of a graph 𝑮 is defined as 

𝑮𝑨𝑹(𝑮) = ∑
𝟐√𝒓𝑮(𝒖)𝒓𝑮(𝒗)

𝒓𝑮(𝒖) + 𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

 

The Harmonic Revan index [33] of a graph 𝑮 is defined as 

𝑯𝑹(𝑮) = ∑
𝟐

𝒓𝑮(𝒖) + 𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

 

The Symmetric Division Revan index [33] of a graph 𝑮 is defined as 

𝑺𝑫𝑹(𝑮) = ∑
𝒓𝑮(𝒖)

𝒓𝑮(𝒗)
𝒖𝒗∈𝑬(𝑮)

+
𝒓𝑮(𝒗)

𝒓𝑮(𝒖)
 

The anti-flaviviral drugs considered in this paper to treat Zika virus are Mefloquine, 

Sertraline, Niclosamide, Tizoxanide, PHA-690509, Ribavirin, Emricasan, and Sofosbuvir. The 

chemical structure and molecular graph of these drugs are depicted in Figure 1-8, whose QSPR 

analysis is carried out in this article. 
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2.1. Computation of Revan indices: 

Using the Revan edge partition method and indices formulae, the values of various 

Revan indices for the molecular graphs of anti-flaviviral drugs are obtained in the following 

theorem. Tables 1–8 list the Revan edge partitioning of anti-flaviviral drugs. The chemical 

structures are drawn using the ChemDraw tool. 

Theorem 1: The Revan indices for the molecular graph 𝑀 of Mefloquine are as follows:  

𝑅1(𝑀) = 136, 𝐻𝑅1(𝑀) = 608, SR(𝑀) =17.8449 , 𝑅1 
𝑚 (𝑀) =10.9428,  𝑅2(𝑀) =

134, 𝐻𝑅2(𝑀) = 780, PR(𝑀) =20.4380 , 𝑅2 
𝑚 (𝑀) =13.7916, FR(𝑀) =340 , 

ABCR(𝑀)=21.2666 , GAR(𝑀) =32.0998,  HR(𝑀) =21.8857 , SDR(𝑀)=87.5833. 

Proof: From the molecular graph of Mefloquine in Figure 1(b), the Revan edge 

partitions are obtained and shown in Table 1, and by applying the above definitions of Revan 

indices, the computation of indices is obtained as follows. 

(a)                                                                                          (b) 

Figure 1. (a) Chemical structure and (b) molecular graph of Mefloquine. 

Table 1. Revan edge partitioning of the molecular graph of Mefloquine. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,3) (4,2) (4,1) (3,3) (3,2) (3,1) (2,2) (2,1) (1,1) 

No. of edges 1 1 6 3 3 1 5 10 5 

Now by using the  above edge partition and indices formula, we get,  

 𝑅1(𝑀) = ∑ [𝑟𝑀(𝑢) + 𝑟𝑀(𝑣)]𝑢𝑣∈𝐸(𝑀)   

              = 1(4+3) +1(4+2) +6(4+1) +3(3+3) +3(3+2) + 5(2+2) + 10(2+1) + 5(1+1)                

              = 7+6+30+18+15+20+30+10  

              = 136 

 𝑅2(𝑀) = ∑ 𝑟𝑀(𝑢)𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

              = 1(4×3) +1(4×2) +6(4×1) +3(3×3) +3(3×2) + 5(2×2) + 10(2×1) + 5(1×1)                

              = 1(12) +1(8) + 6(4) + 3(9) +3(6) + 5(4) + 10(2) + 5(1) 

              = 134 

 𝐻𝑅1(𝑀) = ∑ [𝑟𝑀(𝑢) + 𝑟𝑀(𝑣)]2
𝑢𝑣∈𝐸(𝑀)  

                 = 1(4 + 3) 2 +1(4 + 2)2  +6(4 + 1)2  +3(3 + 3)2  +3(3 + 2) 2 +   

                      5(2 + 2) 2 +  10(2 + 1)2   + 5(1 + 1)2                                                                                                           

                 = 49 +36 +150 +108 +75 +80 +90 +20  

                 = 608 

 𝐻𝑅2(𝑀) = ∑ [𝑟𝑀(𝑢)𝑟𝑀(𝑣)]2
𝑢𝑣∈𝐸(𝑀)  

                = 1(4 × 3) 2 +1(4 × 2)2  +6(4 × 1)2  +3(3 × 3)2  +3(3 × 2) 2 + 5(2 × 2) 2  

                     +10(2 × 1)2 + 5(1 × 1)2 

                            = 144 + 64 + 96 + 243 + 108 + 80 + 40 + 5 

                = 780 

 𝑅1(𝑀) 
𝑚 = ∑

1

𝑟𝑀(𝑢)+𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

               = 
1

7
+

1

6
+

6

5
+

3

6
+

3

5
+

5

2
+

10

3
+

5

2
 

               = 10.9428 
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 𝑅2(𝑀) 
𝑚 = ∑

1

𝑟𝑀(𝑢)𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

                = 
1

12
+

1

8
+

6

4
+

3

9
+

3

6
+

5

4
+

10

2
+

5

1
 

                = 13.7916 

 𝑆𝑅(𝑀) = ∑
1

√𝑟𝑀(𝑢)+𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

             = 
1

√7
+

1

√6
+

6

√5
+

3

√6
+

3

√5
+

5

√4
+

10

√3
+

5

√2
 

              = 17.8449 

 𝑃𝑅(𝑀) = ∑
1

√𝑟𝑀(𝑢)𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

              = 
1

√12
+

1

√8
+

6

2
+

3

3
+

3

√6
+

5

2
+

10

√2
+

5

1
 

              = 20.4380 

 𝐹𝑅(𝑀) = ∑ [𝑟𝑀(𝑢)2 + 𝑟𝑀(𝑣)2]𝑢𝑣∈𝐸(𝑀)  

              = 1(16+9) +1(16+4) +6(416+1) +3(9+9) +3(9+4) + 5(4+4) + 10(4+1) + 5(1+1) 

              = 25 + 20 +102 +54 +39 +40 +50 +10 

              = 340 

 𝐴𝐵𝐶𝑅(𝑀) = ∑ √
𝑟𝑀(𝑢)+𝑟𝑀(𝑣)−2

𝑟𝑀(𝑢)𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

                   =1√
5

12
+ 1√

4

8
+ 6√

3

4
+ 3√

4

9
+ 3√

3

6
+ 5√

2

4
+ 10√

1

2
 

                   = 21.2666 

 𝐺𝐴𝑅(𝑀) = ∑
2√𝑟𝑀(𝑢)𝑟𝑀(𝑣)

𝑟𝑀(𝑢)+𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

                = 1(
2√12

7
) + 1(

2√8

6
) + 6(

2√4

5
) + 3(

2√9

6
) + 3(

2√6

5
) + 5(

2√4

4
)+ 10(

2√2

3
) + 5(

2√1

2
) 

                 = 32.0998 

 𝐻𝑅(𝑀) = ∑
2

𝑟𝑀(𝑢)+𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀)  

              = 1(
2

7
)+ 1(

2

6
)  + 6(

2

5
) + 3(

2

6
) + 3(

2

5
)+ 5(

2

2
)  + 10(

2

3
)  + 5(

2

2
)  

               = 21.8857 

 𝑆𝐷𝑅(𝑀) = ∑
𝑟𝑀(𝑢)

𝑟𝑀(𝑣)𝑢𝑣∈𝐸(𝑀) +
𝑟𝑀(𝑣)

𝑟𝑀(𝑢)
 

                = 1(
4

3
+

3

4
) + 1(

4

2
+

2

4
) + 6(

4

1
+

1

4
) + 3(

3

3
+

3

3
) + 3(

3

2
+

2

3
)+ 5(

2

2
+

2

2
) +  

                    10(
2

1
+

1

2
) +  5(

1

1
+

1

1
) 

                = 87.5833 

Hence the theorem. 

Similar to Theorem 1, the Revan indices for the chemical graphs of other drugs are 

computed in the following theorems by using their corresponding Revan edge partitions.  

Theorem 2: The Revan indices for the molecular graph 𝑆 of Sertraline is given by,  

𝑅1(𝑆) = 108, 𝐻𝑅1(𝑆) = 440, SR(𝑆) =15.5631, 𝑅1 
𝑚 (𝑆) =8.55,  𝑅2(𝑆) = 100, 

𝐻𝑅2(𝑆) = 476, PR(𝑆) =17.8422, 𝑅2 
𝑚 (𝑆) =11.9444, FR(𝑆) =240, ABCR(𝑆)=18.6619, GAR(𝑆) 

=27.7588,  HR(𝑆) =17.1 , SDR(𝑆)= 69.8333. 
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(a)                                                                                          (b) 

Figure 2. (a) Chemical structure and (b) molecular graph of Sertraline. 

Table 2. Revan edge partitioning of the molecular graph of Sertraline. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,2) (4,1) (3,3) (3,2) (2,2) (2,1) (1,1) 

No. of edges 2 2 1 2 7 12 3 

Theorem 3: The Revan indices for the molecular graph 𝑁 of Niclosamide is given by,  

𝑅1(𝑁) = 112, 𝐻𝑅1(𝑁) = 436, SR(𝑁) =17.7986, 𝑅1 
𝑚 (𝑁) =10.1595, 𝑅2(𝑁) = 93, 

𝐻𝑅2(𝑁) = 419, PR(𝑁) =21.5142, 𝑅2 
𝑚 (𝑁) =15.625, FR(𝑁) =250, ABCR(𝑁)=19.3465, 

GAR(𝑁) =29.9763,  HR(𝑁) =20.3190 , SDR(𝑁)= 83.9999. 

(a)                                                                                                        (b) 

Figure 3. Chemical structure (a) and molecular graph (b) of Niclosamide. 

Table 3. Revan edge partitioning of the molecular graph of Niclosamide. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,3) (4,2) (4,1) (3,1) (2,2) (2,1) (1,1) 

No. of edges 1 1 3 5 4 12 6 

Theorem 4: The Revan indices for the molecular graph 𝑇 of Tizoxanide are given by,  

𝑅1(𝑇) = 106, 𝐻𝑅1(𝑇) = 404, SR(𝑇) =15.1282, 𝑅1 
𝑚 (𝑇) =8.3428, 𝑅2(𝑇) = 88, 

𝐻𝑅2(𝑇) = 410, PR(𝑇) =17.7526, 𝑅2 
𝑚 (𝑇) =12.0416, FR(𝑇) =228, ABCR(𝑇)=18.5404, 

GAR(𝑇) =26.2226,  HR(𝑇) =16.6857 , SDR(𝑇)= 73.1666. 

(a)                                                                                                                                                                                                       (b) 

Figure 4. (a) Chemical structure and(b) molecular graph of Tizoxanide. 

Table 4. Revan edge partitioning of the molecular graph of Tizoxanide.. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,3) (4,2) (4,1) (3,1) (2,2) (2,1) (1,1) 

No. of edges 1 1 1 7 5 10 3 

      

Theorem 5: The Revan indices for the molecular graph 𝑃 of PHA-690509  is given by,  

𝑅1(𝑃) = 126, 𝐻𝑅1(𝑃) = 518, SR(𝑃) =17.3034, 𝑅1 
𝑚 (𝑃) =9.2, 𝑅2(𝑃) = 112, 

𝐻𝑅2(𝑃) = 522, PR(𝑃) =19.7526, 𝑅2 
𝑚 (𝑃) =13.375, FR(𝑃) =294, ABCR(𝑃)=24.1497, 

GAR(𝑃) =30.7379,  HR(𝑃) =18.4 , SDR(𝑃)= 87.25. 
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(a)  

                                

                                   (b) 

Figure 5. (a) Chemical structure and(b) molecular graph of PHA-690509. 

Table 5. Revan edge partitioning of the molecular graph of PHA-690509. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,2) (4,1) (3,1) (2,2) (2,1) 

No. of edges 5 1 6 4 17 

Theorem 6: The Revan indices for the molecular graph 𝑅 of Ribavirin is given by,  

𝑅1(𝑅) = 114, 𝐻𝑅1(𝑅) = 564, SR(𝑅) =12.0953, 𝑅1 
𝑚 (𝑅) =5.9880, 𝑅2(𝑅) = 135, 

𝐻𝑅2(𝑅) = 1005, PR(𝑅) =12.3826, 𝑅2 
𝑚 (𝑅) =6.7777, FR(𝑅) =294, ABCR(𝑅)=17.0115, 

GAR(𝑅) =24.2844,  HR(𝑅) =11.9761 , SDR(𝑅)=56.6666. 

(a)  

 

(b) 

Figure 6. (a) Chemical structure and (b) molecular graph of Ribavirin. 

Table 6. Revan edge partitioning of the molecular graph of Ribavirin. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,3) (3,3) (3,2) (3,1) (2,2) (2,1) (1,1) 

No. of edges 4 1 5 3 8 3 1 

Theorem 7: The Revan indices for the molecular graph 𝐸 of Emricasan are given by,  

𝑅1(𝐸) = 215, 𝐻𝑅1(𝐸) = 911, SR(𝐸) =29.8136, 𝑅1 
𝑚 (𝐸) =16.3595, 𝑅2(𝐸) = 197, 

𝐻𝑅2(𝐸) = 975, PR(𝐸) =35.4589, 𝑅2 
𝑚 (𝐸) =24.2777, FR(𝐸) =529, ABCR(𝐸)=35.6664, 

GAR(𝐸) =51.8354,  HR(𝐸) =32.7190 , SDR(𝐸)= 153.9999. 

(a)                                                                  

 
 

                        (b) 

 

Figure 7. (a) Chemical structure and (b) molecular graph of Emricasan. 

 

Table 7. Revan edge partitioning of the molecular graph of Emricasan. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (4,3) (4,2) (4,1) (3,3) (3,2) (3,1) (2,2) (2,1) (1,1) 

No. of edges 1 4 7 1 2 13 6 13 9 

 

Theorem 8: The Revan indices for the molecular graph S of Sofosbuvir are given by,  

𝑅1(S) = 300, 𝐻𝑅1(S) = 1894, SR(S) =20.0263, 𝑅1 
𝑚 (S) =8.2444, 𝑅2(S) = 442, 

𝐻𝑅2(S) = 4618, PR(S) =17.3286, 𝑅2 
𝑚 (S) =6.3958, FR(S) =1010, ABCR(S)=34.0164, 

GAR(S) =46.9972,  HR(S) =16.4888 , SDR(S)= 117.5998. 

Table 8. Revan edge partitioning of the molecular graph of  Sofosbuvir. 

(𝒓𝑮(𝒖), 𝒓𝑮(𝒗))/ 𝒖𝒗 ∈ 𝑬(𝑮) (5,4) (5,3) (5,2) (4,4) (4,3) (4,2) (4,1) (3,3) (3,2) (3,1) 

No. of edges 1 5 2 1 5 8 4 12 10 1 
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The above-calculated values of Revan indices are presented in Tables 9 and 10. The 

graphical representation of Zika virus drugs with Revan indices is represented in Figures 9 and 

10. 

(a)  

 

(b) 

 

Figure 8. (a) Chemical structure and (b) molecular graph of Sofosbuvir 

Table 9. The values of different Revan indices for the molecular graph of Zika virus drugs. 

Drugs  𝐑𝟏 𝐇𝐑𝟏   SR 𝐑𝟏 
𝐦  𝐑𝟐 𝐇𝐑𝟐     PR 

Mefloquine 136 608 17.8449 10.9428 134 780 20.480 

Sertraline 108 440 15.5631 8.55 100 476 17.8422 

Niclosamide 112 436 17.7986 10.1595 93 419 21.5142 

Tizoxanide 106 404 15.1282 8.3428 88 410 17.7526 

PHA-690509 126 518 17.3034 9.2 112 522 19.7526 

Ribavirin 114 564 12.0953 5.9880 135 1005 12.3826 

Emricasan 215 911 29.8136 16.3595 197 975 35.4589 

Sofosbuvir 300 1894 20.0263 8.2444 442 4618 17.3286 

 

Table 10. The values of different Revan indices for the molecular graph of Zika virus drugs. 

Drugs  𝐑𝟐 
𝐦  FR   ABCR GAR HR SDR 

Mefloquine 13.7916 340 21.2666 32.0998 21.8857 87.5833 

Sertraline 11.9444 240 18.6619 27.7588 17.1 69.8333 

Niclosamide 15.625 250 19.3465 29.9763 20.3190 83.9999 

Tizoxanide 12.0416 228 185404 26.2226 16.6857 73.1666 

PHA-690509 13.375 294 24.1497 30.7379 18.4 87.25 

Ribavirin 6.7777 294 17.0115 24.2844 11.9761 56.6666 

Emricasan 24.2777 529 35.6664 51.8354 32.7190 153.9999 

Sofosbuvir 6.3958 1010 34.0164 46.9972 16.4888 117.5998 

 

(a) 

0

1000

2000

3000

4000

5000

Graphical representation of Zika virus drugs with Revan indices.  

R_1 HR_1 R_2 HR_2 FR
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(b) 

Figure 9. (a) and (b) Graphical representation of Zika virus drugs with various Revan indices. 

3. Results and Discussion 

3.1. QSPR model through Cubic regression analysis. 

The cubic regression equation 

            𝑃 = 𝐴 + 𝐵(𝑅𝐼) + 𝐶(𝑅𝐼)2 + 𝐷(𝑅𝐼)3                                                                                 (1) 

is considered for the QSPR model to analyze the physicochemical and pharmacokinetic 

properties of drugs. In this equation, 𝐵, 𝐶, and 𝐷 represent regression coefficients, 𝑅𝐼 represent 

Revan indices, and 𝐴 is a constant. The cubic regression analysis is correlated for eight 

physicochemical and six pharmacokinetic (ADMET) properties values of the drugs with Revan 

indices values. Boiling point (BP), enthalpy of vaporization (EV), Flashpoint (FP), Molar 

refraction (MR), Polar surface area (PSA), Polarizability (P), Surface tension (ST), and Molar 

volume (MV) are the physicochemical properties considered in this study. The ADMET 

characteristics considered in this model are Intestinal Absorption (IA), CNS permeability 

(CNS), BBB permeability (BBB), Minnow Toxicity (MT), Total Clearance (TC), and 

Membrane permeability (Log P). The values of the physicochemical properties of the drugs 

given in Table 11 are obtained from https://www.chemspider.com, an online chemical structure 

database. Using the pkCSM platform, the ADMET properties of the drugs are predicted and 

listed in Table 14. Using SPSS program, the regression analyses are performed. Revan indices 

and the physicochemical characteristics of the aforementioned medications are correlated with 

each other, as shown in Table 12 by the cubic regression model. The statistical parameters for 

the cubic regression analysis with the highest correlation coefficient (𝑅2) value, minimal 

standard error (S. E), Max (R) value, maximum F-value, and p-value less than 0.05 are 

presented in Table 13, which are the factors for the goodness of fit. The results of the similar 

test for pharmacokinetic properties are shown in Tables 15 and 16. The cubic regression curve 

plot for the most reliable Revan indices for the physicochemical and pharmacokinetic 

characteristics of Zika virus medications is shown in Figures 10, 11, 12, 13, and 14. 

Table 11. Physicochemical characteristics values of Zika virus drugs. 

Drugs BP EV FP MR PSA P ST MV 

Mefloquine 415.7 70.5 205.2 83 45 32.9 36.5 273.4 

Sertraline 416.3 67 205.6 85.8 12 34 48.9 243.9 

Niclosamide 424.5 70.5 210.5 79 95 31.3 71.7 202.5 

0
20
40
60
80

100
120
140
160

Graphical representation of Zika virus drugs with Revan indices. 

SR mR_1 PR mR_2 ABCR GAR HR SDR
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Drugs BP EV FP MR PSA P ST MV 

Tizoxanide - - - 65.7 136 26.1 88.5 161.3 

PHA-690509 - - - 94.3 96 37.4 47.7 271.6 

Ribavirin 639.8 99.3 340.7 51.1 144 20.3 106.8 117.1 

Emricasan - - - 131 151 51.9 48.7 410.9 

Sofosbuvir - - - 123.5 163 48.9 58.7 374.6 

Table 12. The correlation coefficient value (𝑅2) determined between Revan indices and the physicochemical 

characteristics values of Zika virus drugs. 

Revan indices BP EV FP MR PSA P ST MV 

𝑅1 0.604 0.645 0.604 0.805 0.294 0.800 0.264 0.824 

𝐻𝑅1 0.985 0.966 0.985 0.642 0.300 0.637 0.117 0.668 

`      SR 0.999 1 0.999 0.855 0.167 0.852 0.596 0.853 

𝑅1 
𝑚  0.984 0.980 0.984 0.460 0.357 0.459 0.632 0.501 

𝑅2 0.383 0.475 0.383 0.562 0.304 0.558 0.071 0.585 

𝐻𝑅2 0.998 1 0.998 0.293 0.319 0.290 0.026 0.284 

       PR 0.999 0.991 0.999 0.497 0.299 0.496 0.562 0.504 

𝑅2 
𝑚  0.997 0.982 0.997 0.426 0.549 0.423 0.250 0.404 

       FR 0.923 0.953 0.923 0.707 0.297 0.702 0.162 0.732 

    ABCR 0.968 0.944 0.968 0.928 0.395 0.924 0.583 0.905 

       GAR 0.966 0.951 0.967 0.936 0.389 0.932 0.622 0.934 

       HR 0.984 0.980 0.984 0.460 0.357 0.459 0.632 0.501 

      SDR 0.978 0.978 0.979 0.914 0.491 0.909 0.599 0.896 

Table 13. The statistical parameters for the cubic regression model having the highest correlation coefficient      

value (𝑅2) for various Revan indices with physicochemical properties of Zika virus drugs. 

Cubic model R F S. E P     

BP=6.02E4-1.19E4(SR)+7.79E2(𝑆𝑅)2-16.86(𝑆𝑅)3 0.999 360.096 7.129 0.037 

EV=2.08E3-3.69E2(SR)+22.41(𝑆𝑅)2-0.45(𝑆𝑅)3 1 934.900 0.191 0.007 

FP=3.62E4-7.14E3(SR)+4.68E2(𝑆𝑅)2-10.15(𝑆𝑅)3 0.999 362.909 4.294 0.037 

EV=1.32E2-0.21 (𝐻𝑅2)+1.5E-4(𝐻𝑅2)2+3.11E-8(𝐻𝑅2)3 1 1507.971 0.475 0.018 

BP=3.63E3-4.47E2(PR)+20.39(𝑃𝑅)2-0.3(𝑃𝑅)3 1 623.704 5.420 0.028 

FP=2.15E3-2.7E2(PR)+12.32(𝑃𝑅)2-0.18(𝑃𝑅)3 1 624.581 3.274 0.028 

MR=-3.35E2+28.39(GAR)-0.63(𝐺𝐴𝑅)2+4.87E-3(𝐺𝐴𝑅)3 0.967 36.330 8.115 0.001 

P=-1.34E2+11.38(GAR)-0.25(𝐺𝐴𝑅)2+1.97E-3(𝐺𝐴𝑅)3 0.965 34.057 3.304 0.001 

MV=-3.01E3+3.68E2(ABCR)13.7(𝐴𝐵𝐶𝑅)2+0.17(𝐴𝐵𝐶𝑅)3 0.951  23.871 36.397 0.003 

Table 14. Pharmacokinetic properties (ADMET) values of Zika virus drugs. 

Drugs Intestinal 

absorption 

CNS 

permeability 

BBB 

permeability 

Minnow 

Toxicity 

Total 

clearance 

LogP 

Mefloquine 85.961 -2.675 0.488 0.913 0.43 4.4479 

Sertraline 91.075 -1.094 0.596 0.39 0.917 5.1796 

Niclosamide 87.083 -2.003 -0.598 1.423 0.213 3.8595 

Tizoxanide 83.742 -2.477 -0.716 2.156 0.045 2.0092 

PHA-690509 90.493 -2.1 -0.138 0.761 -0.065 3.9671 

Ribavirin 54.988 -3.756 -0.921 4.626 0.623 -3.0115 

Emricasan 31.042 -3.698 -1.609 3.205 0.131 2.5913 

Sofosbuvir 64.308 -4.343 -1.873 1.023 -0.106 1.6565 

Table 15. The correlation coefficient value (𝑅2) determined between Revan indices and the pharmacokinetic 

characteristics values of Zika virus drugs. 

Revan indices Intestinal 

absorption 

CNS 

permeability 

BBB 

permeability 

Minnow 

Toxicity 

Total 

clearance 

LogP 

𝑅1 0.558 0.556 0.530 0.098 0.253 0.034 

𝐻𝑅1 0.711 0.672 0.513 0.219 0.206 0.043 

`      SR 0.766 0.170 0.262 0.764 0.318 0.525 

𝑅1 
𝑚  0.886 0.339 0.363 0.756 0.087 0.823 

𝑅2 0.759 0.708 0.509 0.286 0.195 0.082 

𝐻𝑅2 0.684 0.824 0.462 0.599 0.209 0.356 

       PR 0.891 0.361 0.322 0.767 0.140 0.825 

𝑅2 
𝑚  0.964 0.807 0.730 0.393 0.124 0.599 
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Revan indices Intestinal 

absorption 

CNS 

permeability 

BBB 

permeability 

Minnow 

Toxicity 

Total 

clearance 

LogP 

       FR 0.659 0.633 0.517 0.171 0.226 0.024 

    ABCR 0.825 0.500 0.655 0.551 0.460 0.397 

       GAR 0.890 0.434 0.575 0.720 0.298 0.477 

       HR 0.886 0.339 0.363 0.756 0.087 0.823 

      SDR 0.966 0.808 0.697 0.759 0.479 0.798 

Table 16. The statistical parameters for the cubic regression model having the highest correlation coefficient      

value (𝑅2) for various Revan indices with physicochemical properties of Zika virus drugs. 

Cubic model R F S. E P     

IA=3.5E2+12.83 (SDR)-0.12(𝑆𝐷𝑅)2+3.31E-4(𝑆𝐷𝑅)3 0.983 37.373 5.308 0.002 

CNS=-5+0.01(𝐻𝑅2)-1.37E-5(𝐻𝑅2)2 + 2.39E-9(𝐻𝑅2)3 0.908 11.729 0.538 0.013 

MT=43.66-5.55(PR)+0.23(𝑃𝑅)2-3.01E-3(𝑃𝑅)3 0.876 8.238 0.827 0.026 

LogP= -50.2+6.29(PR)-0.24(𝑃𝑅)2+2.82E-3(𝑃𝑅)3 0.908 11.765 1.273 0.013 

Figure 10. Cubic regression curves for PR index against BP and FP. 

 
Figure 11. Cubic regression curves for GAR index against MR and P. 

  
Figure 12: Cubic regression curve for SR index against EV and ABCR index against MV. 
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Figure 13. Cubic regression curve for SDR index against IA and HR2 index against CNS. 

 
 

Figure 14. Cubic regression curve for PR index against MT and LogP. 

The Revan indices that work well in cubic regression models for predicting the 

physicochemical and pharmacokinetic characteristics of Zika virus drugs include 

Sum connectivity Revan index (SR) for predicting the boiling point (BP), Enthalpy of 

Vaporization (EV), and flash point (FP). 

 Product connectivity Revan index (PR) for predicting the boiling point (BP) and flash 

point (FP). 

Second Hyper Revan indices (𝐻𝑅2) for predicting the enthalpy of vaporization (EV). 

Geometric-Arithmetic Revan index (GAR) for predicting the molar refraction (MR) and 

polarizability (P). 

Atom-Bond connectivity Revan index (ABCR) for predicting the molar volume (MV). 

Product connectivity Revan index (PR) for predicting the Minnow toxicity (MT) and 

LogP. 

Symmetric Division Revan index (SDR) for predicting the intestinal absorption (IA). 

Second Hyper Revan indices (𝐻𝑅2) for predicting the CNS permeability (CNS). 

4. Conclusions 

The study of topological indices on the chemical structures of drugs can provide a 

theoretical foundation for drugs and chemical material synthesis. This paper's physicochemical 

and ADMET characteristics of several anti-flaviviral medicines were quantitatively analyzed 

using various Revan indices. The study reveals that chemists and the pharmaceutical industry 

may predict the characteristics of Zika virus therapies using theoretical analysis rather than 

time-consuming laboratory experiments. Further in this study, the correlation coefficient for 

different Revan indices was computed, enabling chemists to design novel drugs based on the 
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combination of positively highly correlated drugs. A similar study can be done on newly found 

drugs for a particular disease. A number of topological indices can be computed to estimate 

new drugs' physical and chemical characteristics. 
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