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Abstract: In this research work, We introduce topological indices, namely as an HDR version of 

Modified Zagreb topological index (HDRM*), HDR version of Modified forgotten topological index 

(HDRF*), and HDR version of hyper Zagreb index (HDRHM*). Then the relatively study depends on 

the structure-property regression analysis to test and compute the chemical applicability of these indices 

to predict the physicochemical properties of octane isomers. Also, we show these HDR indices have 

well degeneracy properties compared to other degree-based topological indices. Also,  We defined and 

computed the Mhr-polynomial of the newly indices and applied it on COVID-19 treatments. Also, we 

discussed some mathematical properties of HDR indices. 
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1. Introduction 

A molecular graph is an undirected labeled graph G = (V, E) that shows the structural 

and functional properties. The set of vertices V of G encodes atoms, and the edges E encodes 

the adjacency relationship between atoms in the molecule. The corresponding chemical 

element labels each vertex (for example, C = Carbon, H = Hydrogen ), and each edge is labeled 

by its type of covalent bond single -, double =, triple, aromatic [1]. In a molecular graph, nodes 

and edges correspond to the atoms and chemical bonds of the compound, respectively. Let G 

be a chemical graph containing V(G)  and E(G)  as vertex and edge sets. The degree of a vertex 

v on a graph G, denoted by dG(v), is the total number of edges associated with v [2]. In chemical 

graph theory, topological indices play a leading role in quantitative structure-property 

relationships and quantitative structure-activity relationship modeling [3]. 

Topological indices are numeric values that are graph invariant. A real-valued mapping 

considering graphs as arguments is a consistent graph if it gives the same value to isomorphic 

graphs. The order (number of vertices ) and size (number of edges) of a graph are examples of 

two graphs' invariants. In chemical graph theory, the graph invariants are named topological 

indices. The beginning of the emergence of topological was initiated when the eminent chemist   

Wiener found the first topological index, known as the Wiener index[2]. 
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In 1947 for searching boiling points of alkanes, one of the topological indices invented 

at the initial stage is the so-called Zagreb index, first presented by [4,5]. They investigated how 

the total energy of π − electron depends on the structure of molecules, and it was discussed in 

detail. 

The first Zagreb indices M1(G) [ 6] for a molecular graph G is defined as follows: 

M1(G) = ∑ d2(v) = ∑ [d(v) + d(u)].

uv∈E(G)v∈V(G)

 

The first  leap Zagreb index[7] is defined as 

LM ∗1 (G) = ∑ 𝑑2
2(v) .

uv∈E(G)

 

The new visitation  first leap Zagreb index[8] is defined as  

LM ∗1 (G) = ∑ [d2(v) + d2(u)].

uv∈E(G)

 

The first leap hyper-Zagreb index [8] is defined as 

LM1(G) = ∑ [d2(v) + d2(u)]

uv∈E(G)

2

. 

Introduced the forgotten topological indiex [9]  is defined as  

F(G) = ∑ d3(v) =

v∈V(G)

∑ [d2(v) + d2(u)]

uv∈E(G)

 

 In The leap forgotten topological index  was defined as  

LF(G) = ∑ [d2
2(v) + d2

2(v)]2

uv∈E(G)

 

For more discussion on these indices, interested readers have referred to the papers [10-17]. 

Scientists tested some of the available antiviral agents that positively contributed to 

reducing the recovery time for people infected with COVID-19 from 15 days to 11 days. 

Among these compounds, hydroxychloroquine, remdesivir, chloroquine, and the drug 

remdesivir has received emergency approval from the Food and Drug Administration as the 

first drug to relieve symptoms of COVID-19. It has contributed positively to this matter. 

V.R. Kulli [18] calculated the Revan Indices for some of the antiviral drugs, and there 

is also much research through which the properties of chemical compounds have been 

calculated for medicines that are used to alleviate the symptoms of Covid for more discussion 

on these indices, interested readers have referred to the papers [19-28 ]. 

In this paper, we introduce  HDR  of  Zagreb index modified forgotten index and Hyper 

HDR  of modified  Zagreb index. Also, we check the chemical applicability of these indices. 

We find the correlation coefficients of these new indices and some well-established indices 

with acentric factor and entropy for octane isomers. Also, we calculate these introduced indices 

of some of the antiviral agent's Chloroquine, Hydroxychloroquine,  Remdesivir. Also, the Mhr-

polynomial is introduced, and a surface representation of the Mhr-polynomial has been 

depicted. And we discuss some mathematical properties of these newly introduced indices. 

2. Materials and Methods 

Our main results include introducing new topological indices  HDRM, HDRF, and 

HDRHM. Also, check the chemical applicability of these indices and find the correlation 

coefficients of these new indices and some well-established indices with acentric factor and 
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entropy for octane isomers. We made calculations of the chemical compounds used for the 

treatment of COVID-19 in terms of HDR topological indices, particularly chloroquine, 

hydroxychloroquine, remdesivir. We evaluate the 𝑀hr−polynomial of these structures with 3D 

graphical representation using MATLAB. 

3. Results and Discussion 

We divide this section into three subsections with HDR topological indices, Chemical 

significance of HDR indices, and evaluate  the 𝑀ℎ𝑟- polynomial and computing the HDR-based 

topological indices of chemical compounds used for the treatment of COVID-19. 

3.1. On HDR indices of the graph. 

In this subsection, we present the definitions of the HDR Zagreb index, HDR modified 

forgotten topological index and modified Hyper HDR Zagreb index. Also, we obtain some 

mathematical properties and establish the formulas of the exact values of the newly introduced 

indices for some well-known graph classes. 

3.1.1. Definition. 

For a graph G, the  HDR of Zagreb index, modified forgotten topological index, version 

modified of Hyper HDR  Zagreb indices are defined as follows: 

𝐇𝐃𝐑𝐌𝟏
∗(𝐆) = ∑ [𝐝𝐡𝐫(𝐯) + 𝐝𝐡𝐫(𝐮)].

𝐮𝐯∈𝐄(𝐆)

 

𝐇𝐃𝐑𝐇𝐌𝟏
∗(𝐆) = ∑ [𝐝𝐡𝐫(𝐯) + 𝐝𝐡𝐫(𝐯)]𝟐

𝐮𝐯∈𝐄(𝐆)

 

𝐇𝐃𝐑𝐅∗(𝐆) = ∑ [𝐝𝐡𝐫
𝟐 (𝐯) + 𝐝𝐡𝐫

𝟐 (𝐮)].

𝐮𝐯∈𝐄(𝐆)

 

where dhr(v) = | {u, v ∈ V(G)|d(u, v) = ⌈
R

2
⌉} |And d(u, v) is the distance between the vertices 

u and v in V(G), and R is the radius of graph G. 

3.1.2. Proposition. 

Let G be a connected graph with radius R. Then  if  R(G)=1 ⇒ 𝑑ℎ𝑟(𝑣) = 𝑑1(𝑣)  

But if   𝑑ℎ𝑟(𝑣) = 𝑑1(𝑣) ⇏ r(G)=1. example cycle graph with n≥4. 

3.1.3. Proposition. 

Let G be a graph such that 𝐺 ≅ 𝐶𝑛, 𝐾𝑛, 𝐾𝑛,𝑚 𝑊𝑛 , 𝐹𝑝  .Then 

𝐇𝐃𝐑𝐌𝟏
∗(𝐆) = 𝐌𝟏

∗(𝐆), 𝐇𝐃𝐑𝐅∗(𝐆) = 𝐅𝟏
∗(𝐆), 𝐇𝐃𝐑𝐇𝐌𝟏

∗(𝐆) = 𝐇𝐌𝟏
∗(𝐆). 

3.1.4. Definition. 
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Bn,k-banana tree is a graph obtained by connecting one leaf of each of n  copies of a k-

star graph with a single root vertex distinct from all the stars. 

 

Table 1. The number of edges of n,k-banana tree with n> 3. 

dhr(u,v) No.edge 

(n,n+k-3) n 

(n+k-3,1) n 

(1,k-2) n(k-2) 

Theorem  1. Let Bn,k -banana tree with   𝑘 > 3. Then 

HDRM1
∗(G) = n(3n + k2 − k − 3) 

HDRF∗(G) = n(5n2 − 2k2 + 6nk − 16n − 5k + 11) 

HDRHM1
∗(G) = n(3n2 − 12n − 10) + k(4n2 − 4nk − 15n + nk2) 

Proof. Let   Bn,k banana tree with  k> 3. Therefore  

by definition of  𝐻𝐷𝑅𝑀1
∗ (G), and  Table 1,  we have 

HDRM1
∗(G) = ∑ [dhr(v) + dhr(u)]

uv∈E(G)

= ∑ (n + (n + k − 3)

uv∈E1(G)

+ ∑ (n + k − 3) + 1)

uv∈E2(G)

+ ∑ (1 + k − 2)

uv∈E3(G)

 

= 𝑛(2𝑛 + 𝑘 − 3) + 𝑛(𝑛 + 𝑘 − 2) + 𝑛(𝑘 − 1)(𝑘 − 2) 

Therefore 𝐻𝐷𝑅𝑀1
∗(𝐺) =  𝑛(3𝑛 + 𝑘2 − 𝑘 − 3) 

By definition of 𝐻𝐷𝑅𝐻𝑀1
∗(𝐺) and Table 1, we have  

HDRHM1
∗(G) = ∑ [dhr(v) + dhr(u)]2

uv∈E(G)

= ∑ (2n + k − 3)2

uv∈E1(G)

+ ∑ (n + k − 2)2

uv∈uv∈E2(G)

+ ∑ (k − 1)2

uv∈uv∈E3(G)

 

                         = n(4n2 + k2 + 4nk − 12n − 6k + 9) + n(n2 + k2 + 2nk − 4n −

4k +  

                             +n(k − 2)(k2 − 2k + 1) 

Therefore  HDRHM1
∗(G) =  n(5n − 2k2 + k3 + 6nk − 16n − 5k + 11) 

By definition of 𝐻𝐷𝑅𝐹∗(𝐺) and Table1, we have  

𝐻𝐷𝑅𝐹∗(𝐺) = ∑ [𝑑ℎ𝑟
2 (𝑣) + 𝑑ℎ𝑟

2 (𝑢)]

𝑢𝑣∈𝐸(𝐺)

= ∑ (𝑛2

𝑢𝑣∈𝐸1(𝐺)

+(𝑛 + 𝑘 − 3)2) + ∑ (1 + (𝑛 + 𝑘 − 3)2

𝑢𝑣∈𝐸2(𝐺)

)

+ ∑ (1 + (𝑘 − 2)2

𝑢𝑣∈𝐸2(𝐺)

) 

Therefore  𝐻𝐷𝑅𝐹∗(𝐺) = 𝑛(3𝒏𝟐 − 12𝑛 − 10) + 𝑘(4𝒏𝟐 − 4𝑛𝑘 − 15𝑛 + 𝑛𝑘2). 

3.2. Chemical significance HDR indices. 

In this subsection, We present the Chemical significance of  HDR indices, clarify their 

quality compared to other indices, and the possibility of their application in the study of 

chemical compounds. 
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The chemical applicability of topological indices can be evaluated by regression 

analysis IAMC (International Academy of Mathematical Chemistry). IAMC (International 

Academy of Mathematical Chemistry). Then Eighteen octane isomers are helpful for such 

investigation since the number of the structural isomers of octane is large Eighteen enough to 

create the statistical perfection faithful.[9]. 

Furtula et al. [9] showed that F and M1  yield correlation greater than (0.96) with 

acentric factor octane isomers. Also, a simple linear model  (𝑀1  + ʎF), where ʎ is disparate 

from -20  to 20 is designed to improve the predictive ability of these indices. De et al. [12]. 

Computed that the correlation coefficient of F-coindex for octane isomers in the case of the 

logarithm of the octanol-water partition coefficient (𝑃) is 0.966. In a recent work [2], the 

application possibilities of various graph irregularity indices for predicting physicochemical 

properties are described. We find the correlation of different physiochemical properties 

with HDRM1
∗, HDRHM1

∗ and HDRF ∗of octane isomers and good results are obtained in case 

acentric factor (Acent Fac.) and entropy (S) which are shown in Table 2. The correlations of 

acentric factor and entropy with some well-known degree-based topological indices are also 

investigated in Table 4. The results are also shown graphically in Figure 1. The data of octane 

isomers (Table 2) are collected from Sourav. Thus the HDR introduced indices can help to 

predict the acentric factor with powerful accuracy. 

Table 2. Experimental values of the acentric factor, entropy (S), and the corresponding values 

of HDRM1
∗, HDRHM1

∗, HDRF∗. 
Molecule name Acent Fac. S 𝑯𝑫𝑹𝑴𝟏

∗ (𝑮) 𝑯𝑫𝑹𝑯𝑴𝟏
∗ (𝑮) 𝑯𝑫𝑹𝑭∗(𝑮) 

n-octane 0.397898 111.6 22 38 74 

2-methly heptane 0.377916 109.84 24 48 88 

3-methly heptane 0.371002 111.26 26 44 104 

4- methly heptane 0.371504 109.32 26 58 106 

3-ethyl hexane 0.362472 109.43 26 66 124 

2,2-dimethy1 hexane 0.339426 109.42 28 74 122 

2,3dimethy1 hexane 0.348247 108.02 30 72 138 

2,4-dimethy1 hexane 0.344223 106.98 28 68 120 

2,5-dimethy1   hexane 0.35683 105.72 26 58 104 

3,3-dimethy1   hexane 0.322596 104.74 32 83 156 

3,4-dimethy1  hexane 0.340345 106.59 32 80 154 

2-methy1-3-    ethy1 

pentane 

0.332433 106.06 30 74 135 

3-methy1-3- enty1 

pentane 

0.306899 101.48 32 92 160 

2,2,3-trimethy1 

pentane 

0.300816 101.31 34 104 174 

2,2,4-trimethy1 

pentane 

0.30537 104.09 34 104 168 

2,3,3- trimethy1  

pentane 

0.293177 102.06 34 104 176 

2,3,4- trimethy1 

pentane 

0.317422 102.39 32 86 152 

2,2,3,3- tetramethy1 

butane 

0.255294 93.06 38 134 202 

Table 3.  Correlation coefficient of 𝐻𝐷𝑅𝑀1
∗, 𝐻𝐷𝑅𝐻𝑀1

∗, 𝐻𝐷𝑅𝐹∗ with acentric factor and entropies. 

 𝑯𝑫𝑹𝑴𝟏
∗ (𝑮) 𝑯𝑫𝑹𝑯𝑴𝟏

∗ (𝑮) 𝑯𝑫𝑹𝑭∗(𝑮) 

Acent Fac -0.9656 -0.981 -0.9617 

S -0.8674 -0.925 -0.8585 

Table 4. Correlation coefficient of 𝐻𝐷𝑅𝑀1
∗, 𝐻𝐷𝑅𝐻𝑀1

∗, 𝐻𝐷𝑅𝐹∗ with acentric factor and entropies. 

 𝑳𝑴𝟏
∗ (𝑮) 𝑭(𝑮) 𝑭 𝑵(𝑮) 𝑯𝑳𝑴𝟏

∗ (𝑮) 𝑳𝑭∗(𝑮) 

Acent Fac -0.9438 -0.96505 -0.97547 -0.9464 -0.9789 

S -0.8981 -0.9527 -0.93146 -0.89 -0.9211 
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Figure 1. Correlation of acentric factor and entropy (S) with the newly introduced indices for octane isomers. 

Table 5. Correlation coefficient of 𝐻𝐷𝑅𝑀1
∗, 𝐻𝐷𝑅𝐻𝑀1

∗, 𝐻𝐷𝑅𝐹∗ with with some other indices. 

 𝑯𝑫𝑹𝑴𝟏
∗  𝑯𝑫𝑹𝑯𝑴𝟏

∗  𝑯𝑫𝑹𝑭∗ 𝑳𝑴𝟏
∗  𝑳𝑭∗ 𝑭𝒏 𝑯𝑳𝑴𝟏

∗  

𝑯𝑫𝑹𝑴𝟏
∗  1       

𝑯𝑫𝑹𝑯𝑴𝟏
∗  0.9656 1      

𝑯𝑫𝑹𝑭∗ 0.9894 0.9713 1     

𝑳𝑴𝟏
∗  0.9413 0.9241 0.9432 1    

𝑳𝑭∗ 0.9558 0.9754 0.9661 0.9662 1   

𝑭𝑵 0.9487 0.9585 0.9573 0.9868 0.9809 1  

𝑯𝑳𝑴𝟏
∗  0.9262 0.9275 0.941 0.9937 0.9667 0.9929 1 

3.3. Evalute  the 𝑀ℎ𝑟- polynomial and computing the  HDR-based topological indices of 

chemical compounds used for the treatment of COVID-19. 

In this subsection, we present the definitions of the Mhr- polynomial and computing the 

HDR-based topological indices of chemical compounds used for the treatment of COVID-19. 

Also, We evaluate the Mhr- polynomial of these structures with 3D graphical representation 

using MATLAB. 

https://doi.org/10.33263/BRIAC126.72147225
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3.3.1. Definition. 

Let the edge partition of the graph G be defined as: 

Mhr(i, j)(G) = {uv ∈ E(G): dhr(u) = i, and j}. 

The Maximum degree ∆ℎ𝑟(G) is defined as  ∆ℎ𝑟= 𝑚𝑎𝑥{ 𝑑ℎ𝑟(𝑣): 𝑣 ∈ 𝑉(𝐺)}. 

The minimum degree 𝛿ℎ𝑟(G)  is defined as 𝛿ℎ𝑟 = 𝑚𝑖𝑛{𝑑ℎ𝑟(𝑣): 𝑣 ∈ 𝑉(𝐺)}. 

3.3.2. Definition. 

Let G be graph and   

𝑀ℎ𝑟(𝑖, 𝑗)(𝐺), 𝑖, 𝑗 ≥ 1, be the number of edge e=vu of G such that  {𝑑ℎ𝑟(𝑢); 𝑑ℎ𝑟(𝑣)} =

{𝑖, 𝑗}.   𝐿𝑒𝑡 𝑀ℎ𝑟(𝑖, 𝑗) = |𝑀ℎ𝑟(𝑖, 𝑗)|. We introduce the 𝑀ℎ𝑟 −polynomial of a graph as  

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = ∑ 𝑀ℎ𝑟(𝑖, 𝑗)𝑥𝑖

𝛿ℎ𝑟≤𝑖≤𝑗≤∆ℎ𝑟

𝑦𝑗 . 

3.3.2. Chloroquine. 

 Let G be a molecular graph of  Chloroquine, as shown in Figure2. The graph 𝐺 has 23 

edges and 22 vertices. 

 

Figure 2. Molecular graph of chloroquine with 22 vertices and 23 edges.  

Table 6. The number of edges of chloroquine using 𝑑ℎ𝑟(𝑣) degree. 

𝑀ℎ𝑟(𝑖, 𝑗) 𝑀ℎ𝑟(2,3) 𝑀ℎ𝑟(3,4) 𝑀ℎ𝑟(3,5) 𝑀ℎ𝑟(3,3) 𝑀ℎ𝑟(4,4) 𝑀ℎ𝑟(1,2) 𝑀ℎ𝑟(1,1) 

no.edge 2 7 5 2 2 3 2 

Theorem 2.  Let 𝐺 be a molecular graph of  Chloroquine. Then  

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = 2𝑥𝑦 + 3𝑥 𝑦2 + 2𝑥2𝑦3 + 2𝑥3𝑦3 + 7𝑥3𝑦4 + 2𝑥4𝑦4 + 5𝑥3𝑦5. 

Proof. Let G a molecular graph of chloroquine as in Figure 2. Then from Table 6 and 

Definition 3.3.2, we get 

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = ∑ 𝑀ℎ𝑟(𝑖, 𝑗)𝑥𝑖

𝛿ℎ𝑟≤𝑖≤𝑗≤∆ℎ𝑟

𝑦𝑗

= 𝑀ℎ𝑟(1,1)𝑥𝑦 + 𝑀ℎ𝑟(1,2)𝑥𝑦2 + 𝑀ℎ𝑟(2,3)𝑥2𝑦3 + 𝑀ℎ𝑟(3,3)𝑥3𝑦3

+ 𝑀ℎ𝑟(3,4)𝑥3𝑥4 + 𝑀ℎ𝑟(4,4)𝑥4𝑦4 + 𝑀ℎ𝑟(4,5)𝑥4𝑦5 

                                    = 2𝑥𝑦 + 3𝑥 𝑦2 + 2𝑥2𝑦3 + 2𝑥3𝑦3 + 7𝑥3𝑦4 + 2𝑥4𝑦4 + 5𝑥3𝑦5 
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Figure 3. 𝑀ℎ𝑟 −polynomial of chloroquine. 

Theorem 3.  Let 𝐺 be a molecular graph of  Chloroquine. Then  

𝐻𝐷𝑅𝑀1
∗(𝐺) = 140, 𝐻𝐷𝑅𝐻𝑀1

∗(𝐺) = 948, 𝐷𝐻𝑅𝐹∗(𝐺)  = 490 

Proof. Let G a molecular graph of chloroquine as in Figure 2. Then from Table 6 and 

Definition 3.1.1, we get 

HDRM1
∗(G) = ∑ [dhr(v) + dhr(u)] = 10 + 49 + 40 + 12 + 16 + 9 + 4 = 140.

uv∈E(G)

 

HDRHM1
∗(G) = ∑ [dhr 

2 (v) + dhr
2 (v)]2

uv∈E(G)

= 50 + 343 + 320 + 72 + 128 + 27 + 8

= 948. 

HDRF∗(G) = ∑ [dhr
2 (v) + dhr

2 (u)] = 26 + 175 + 170 + 36 + 64 + 15 + 4 = 490.

uv∈E(G)

 

3.3.3. Hydroxychloroquine.  

Let G be a molecular graph of hydroxychloroquine, as shown in Figure 4. The graph 𝐺 

has 24 edges and 23 vertices. 

 

Figure 4. Molecular graph of hydroxychloroquine with 23 vertices and 24 edges. 

Table 7. The number of edges of hydroxychloroquine using 𝑑ℎ𝑟(𝑣) degree. 

𝑀ℎ𝑟(𝑖, 𝑗) 𝑀ℎ𝑟(2,3) 𝑀ℎ𝑟(3,3) 𝑀ℎ𝑟(3,4) 𝑀ℎ𝑟(3,5) 𝑀ℎ𝑟(4,4) 

no.edge 1 3 7 5 2 

𝑀ℎ𝑟(𝑖, 𝑗) . 𝑀ℎ𝑟(1,3) 𝑀ℎ𝑟(1,2) 𝑀ℎ𝑟(2,2) 𝑀ℎ𝑟(1,1) 

no. edge . 1 2 2  1 

 

Theorem 4.  Let 𝐺 be a molecular graph of  Hydroxychloroquine. Then  

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = 𝑥𝑦 + 2𝑥 𝑦2 + 𝑥𝑦3 + 2𝑥2𝑦2 + 𝑥2𝑦3 + 3𝑥3𝑦3 + 7𝑥3𝑦4 + 5𝑥3𝑦5 +

2𝑥4𝑦4. 
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Proof. Let G a molecular graph of hydroxychloroquine as in Figure 4. Then from Table 

7 and Definition 3.3.2, we get 

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = ∑ 𝑀ℎ𝑟(𝑖, 𝑗)𝑥𝑖

𝛿ℎ𝑟≤𝑖≤𝑗≤∆ℎ𝑟

𝑦𝑗

= 𝑀ℎ𝑟(1,1)𝑥𝑦 + 𝑀ℎ𝑟(1,2)𝑥𝑦2 + 𝑀ℎ𝑟(1,3)𝑥𝑦3 + 𝑀ℎ𝑟(2,2)𝑥2𝑦2

+ 𝑀ℎ𝑟(2,3)𝑥2𝑥3 + 𝑀ℎ𝑟(3,3)𝑥3𝑦3 + 𝑀ℎ𝑟(3,4)𝑥3𝑦4 

                                   +𝑀ℎ𝑟(3,5)𝑥3𝑦5 + 𝑀ℎ𝑟(4,4)𝑥4𝑦4 

                         = 𝑥𝑦 + 2𝑥 𝑦2 + 𝑥𝑦3 + 2𝑥2𝑦2 + 𝑥2𝑦3 + 3𝑥3𝑦3 + 7𝑥3𝑦4 + 5𝑥3𝑦5 +

2𝑥4𝑦4. 

 
Figure 5. 𝑀ℎ𝑟 −polynomial of hydroxychloroquine. 

Theorem 5. Let 𝐺 be a molecular graph of  hydroxychloroquine. Then  

𝐻𝐷𝑅𝑀1
∗(𝐺) = 148, 𝐻𝐷𝑅𝐻𝑀1

∗(𝐺) = 994, 𝐷𝐻𝑅𝐹∗(𝐺)  = 516 

Proof. Let G a molecular graph of hydroxychloroquine as in Figure 4. Then from Table 

7 and Definition 3.1.1, we get 

𝐻𝐷𝑅𝑀1
∗(𝐺) = ∑ [𝑑ℎ𝑟(𝑣) + 𝑑ℎ𝑟(𝑢)] = 5 + 18 + 49 + 40 + 16 + 4 + 6 + 8 + 2

𝑢𝑣∈𝐸(𝐺)

= 148. 

𝐻𝐷𝑅𝐻𝑀1
∗(𝐺) = ∑ [𝑑ℎ𝑟(𝑣) + 𝑑ℎ𝑟(𝑢)]2

𝑢𝑣∈𝐸(𝐺)

= 25 + 108 + 343 + 320 + 128 + 16 + 18 + 32 + 4 = 994.                     

𝐻𝐷𝑅𝐹∗(𝐺) = ∑ [𝑑ℎ𝑟
2 (𝑣) + 𝑑ℎ𝑟

2 (𝑢)]

𝑢𝑣∈𝐸(𝐺)

= 13 + 54 + 175 + 170 + 64 + 10 + 10 + 18 + 2 = 516. 

3.3.3. Redeliver.  

Let 𝐺 be a molecular graph of remdesivir, as shown in Figure 6. The graph 𝐺 has 44 

edges and 41 vertices. 
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Figure 6. Molecular graph of remdesivir with 41 vertices and 44 edges. 

Table 8. The number of edges of remdesivir  using 𝑑ℎ𝑟(𝑣) degree. 

𝑀ℎ𝑟(𝑖, 𝑗) 𝑀ℎ𝑟(1,2) 𝑀ℎ𝑟(1,3) 𝑀ℎ𝑟(2,2) 𝑀ℎ𝑟(2,3) 𝑀ℎ𝑟(3,3) 𝑀ℎ𝑟(3,5) 

no.edge 7 5 2 8 4 3 

𝑀ℎ𝑟(𝑖, 𝑗) 𝑀ℎ𝑟(3,4) 𝑀ℎ𝑟(4,5) 𝑀ℎ𝑟(5,5) 𝑀ℎ𝑟(5,6) 𝑀ℎ𝑟(5,7) 𝑀ℎ𝑟(6,7) 

no.edge 4 4 3 2 1 1 

Theorem 6.  Let 𝐺 be a molecular graph of  Remdesivir. Then  

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = 7𝑥𝑦2 + 5𝑥𝑦3 + 2𝑥2𝑦2 + 8𝑥2𝑦3 + 4𝑥3𝑦3 + 3𝑥3𝑦5 + 4𝑥3𝑦4 +

4𝑥4𝑦5 + 3𝑥5𝑦5 + 2𝑥5𝑦6 + 𝑥5𝑦7 + 𝑥6𝑦7. 

Proof. Let G a molecular graph of remdesivir as in Figure 6. Then from Table 8 and 

Definition 3.3.2, we get 

𝑀ℎ𝑟(𝐺, 𝑥, 𝑦) = ∑ 𝑀ℎ𝑟(𝑖, 𝑗)𝑥𝑖

𝛿ℎ𝑟≤𝑖≤𝑗≤∆ℎ𝑟

𝑦𝑗

= 𝑀ℎ𝑟(1,2)𝑥𝑦2 + 𝑀ℎ𝑟(1,3) 𝑥𝑦3 + 𝑀ℎ𝑟(2,2)𝑥2𝑦2 + 𝑀ℎ𝑟(2,3)𝑥2𝑦3

+ 𝑀ℎ𝑟(3,3)𝑥3𝑦3 + 𝑀ℎ𝑟(3,5) 𝑥3𝑦5 + 𝑀ℎ𝑟(3,4)𝑥3𝑦4 + 𝑀ℎ𝑟(4,5)𝑥4𝑦5

+ 𝑀ℎ𝑟(5,5)𝑥5𝑦5 + 𝑀ℎ𝑟(5,6) 𝑥5𝑦6 + 𝑀ℎ𝑟(5,7)𝑥5𝑦7+𝑀ℎ𝑟(6,7)𝑥6𝑦7. 

 
Figure 7. 𝑀ℎ𝑟 −polynomial of remdesivir. 

Theorem 5.  Let 𝐺 be a molecular graph of remdesivir. Then  

𝐻𝐷𝑅𝑀1
∗(𝐺) = 278, 𝐻𝐷𝑅𝐻𝑀1

∗(𝐺) = 1965, 𝐷𝐻𝑅𝐹∗(𝐺)  = 1013. 

Proof. Let G a molecular graph of remdesivir as in Figure 6. Then from Table 8,  and 

Definition 3.1.1, we get 

https://doi.org/10.33263/BRIAC126.72147225
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC126.72147225  

 https://biointerfaceresearch.com/ 7224 

HDRM1
∗(G) = ∑ [dhr(v) + dhr(u)]

uv∈E(G)

= 21 + 20 + 8 + 40 + 24 + 24 + 28 + 36 + 30 + 22 + 12 + 13 = 278. . 

HDRHM1
∗(G) = ∑ [dhr(v) + dhr(u)]2

uv∈E(G)

= 63 + 80 + 32 + 200 + 144 + 192 + 196 + 324 + 300 + 121 + 144

+ 169 = 1965.                     

𝐻𝐷𝑅𝐹∗(𝐺) = ∑ [𝑑ℎ𝑟
2 (𝑣) + 𝑑ℎ𝑟

2 (𝑢)] = 35 + 50 + 16 + 104 + 72 + 102 +𝑢𝑣∈𝐸(𝐺)

100 + 164 + 150 + 61 + 74 + 85 = 1013. 

4. Conclusions 

In this research work, we have introduced some new topological indices, namely as an 

HDR version of Modified Zagreb topological index (HDRM1*), HDR version of Modified 

forgotten topological index (HDRF*), and HDR version of hyper Zagreb index (HDRHM*), 

and some mathematical properties of these topological indices are discussed. Their chemical 

applicability is also investigated here. These indices have a significant correlation with acentric 

factor and entropy in comparison with  LM1
∗(G), F(G), F N(G), HLM1

∗(G),LF∗(G), shown in 

Table 3 and Table 4. Thus the three novel indices  HDR𝑀1
∗, HDR𝐹∗, HDR𝐻𝑀1

∗ Deserve to be 

considered as applicable topological indices. We have correlated indices among themselves 

and with some other well-known degree-based topological indices in Table 5. From the 

correlation among the novel indices, it is clear that HDR𝑀1
∗ and HDR𝐹∗ have good quality 

mong three indices. Also, we calculate these introduced indices of some of the antiviral agent's 

Chloroquine, Hydroxychloroquine, Remdesivir. Also, the Mhr-polynomial is introduced, and 

a surface representation of the Mhr-polynomial has been depicted.   
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