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Abstract: Topological indices are the molecular descriptors that characterize the forma-

tion of chemical compounds and predict certain physicochemical properties. Reverse degree-

based topological indices play an important role in calculating topological descriptors. Line

graphs illustrate the molecular graphs of chemical structures in another way and used to pre-

dict the physicochemical properties of chemical structures. In this article, we compute some

reverse degree-based topological indices of the line graph of Zanamivir and Oseltamivir. This

theoretical analysis may help chemists and people working in the pharmaceutical industry

to predict the properties of H1N1 drugs without experimenting.
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§1. Introduction

The study of causes and treatments of various infectious diseases has been one of the primary

areas of study of modern scientific research in medicine. During one such study conducted

in 2009, scientists discovered a new influenza A virus subtype, H1N1 (A/H1N1). It gained

worldwide attention when it caused a global pandemic. The 2009 H1N1 pandemic resulted in

a large number of infections worldwide, but most cases were mild and the overall mortality

rate was relatively low. However, certain populations, such as young children, older adults, and

individuals with underlying health conditions, were at higher risk of severe complications.

In response to the pandemic, public health organizations and governments implemented

various measures to contain the spread of the virus. These measures included widespread vac-

cination campaigns, antiviral medications, public awareness campaigns, and enhanced surveil-

lance and monitoring. Since the initial pandemic, H1N1 has continued to circulate as a seasonal

flu virus. It is now included in the annual influenza vaccine to protect against this strain. Reg-

ular vaccination is recommended to prevent seasonal flu and its complications. Until today,

various vaccines have been introduced and adopted by different countries worldwide to keep the
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virus under control.

Currently, two classes of antiviral drugs are globally approved to treat influenza in human-

s, namely, the adamantanes (amantadine and rimantadine) and the neuraminidase inhibitors

(Zanamivir, Oseltamivir, and Peramivir). However, the widespread use of these antiviral drugs

as monotherapies has resulted in the rise of influenza viruses resistant to both drug classes

[10-12,15]. Due to this, only the neuraminidase inhibitors (Zanamivir and Oseltamivir) are

presently prescribed for influenza. Combination therapy with Zanamivir and Oseltamivir is

reasonable because these agents bind within the neuraminidase active site differently [17]. The

likelihood of selecting viruses dually resistant to Zanamivir and Oseltamivir is low. As a result,

combining these two drugs in therapy could be a manageable option for combating resistance.

Let G = (V,E) be a graph, where V (G) and E(G) be vertex set and edge set of G,

respectively. The line graph of G, written L(G), is the graph whose vertices are the edges of

G, with two vertices of L(G) adjacent whenever the corresponding edges of G have a vertex in

common.

One of the interesting methods in the studies of mathematical chemistry is to represent

molecular graphs by means of parameters calculated for their derived structures. The line graph

is a good illustration of derived structures of molecular graphs. Computational aspects of line

graph of carbon nanocones are extensively studied in [7]. Zeroth-order general Randić index

of line graphs of some chemical structures in drugs are studied in [16]. Topological indices for

the line graph of k-subdivided linear [n] tetracene, fullerene networks, tetracenic nanotori, and

carbon nanotubes are discussed in [27]. Tomovic [24] and Estrada [3] presented the application

of line graphs.

A molecular graph is a set of points denoting the atoms in the molecule and a collection of

lines denoting the covalent bonds. The topological indices are helpful in the prediction of physic-

ochemical properties and the biological activity of chemical compounds. Topological indices are

obtained from the molecular structure. Topological indices have been used to demonstrate and

enhance the statistical features of drugs. In recent times, topological indices of molecular graphs

are extensively used for demonstrating correlations connecting the arrangement of a molecular

compound and its physicochemical properties or biological activity.

Topological indices are important tools for investigating many physicochemical proper-

ties of molecules without performing any testing. They also used to study the Quantitative

Structure-Activity Relationship (QSAR) of pharmaceuticals to determine their molecular char-

acteristics by numerical computation.

Various types of topological indices of graphs are classified into distance-based topological

indices, degree-based topological indices, and spectrum-based topological indices. Among these,

degree-based topological indices play a vital role in theoretical chemistry and pharmacology.

Some important degree-based indices are Randić index, Zagreb indices, Harmonic index, sum

connectivity index, etc. For example, Randić index is one of the excellent molecular descrip-

tors in QSAR studies and desirable for measuring the extent of branching of the carbon-atom

skeleton of saturated hydrocarbons.

Kulli [14] introduced the notion of reverse vertex degree in a graph G. The reverse vertex

degree in G is defined by Rψ(G) = ∆(G) − ψ(v) + 1, where ψ(v) and ∆(G) are the degree of
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the vertex v and maximum degree of a vertex in G, respectively. Zhao et al. [28] computed

some of the reverse degree-based topological indices, such as, reverse general Randić index, the

reverse Balaban index, the reverse atom bond connectivity index, the reverse geometric index,

the reverse Zagreb type indices, and the reverse augmented Zagreb index for metal-organic

networks TM-TCNB.

Jung et al. [13] computed the first and second reverse Zagreb indices, first and second

reverse hyper Zagreb indices, reverse atomic-bond connectivity index and reverse geometric-

arithmetic index for TUC4[m,n]. Wei et al. [26] computed some reverse topological indices,

namely, the reverse general Randć index, the reverse atom bond connectivity index, the reverse

geometric arithmetic index, the reverse forgotten index, the reverse Balaban index, and the

reverse Zagreb type indices for Remdisivir compound used in the treatment of Coronavirus

(COVID 19). Ravi et al. [22] analyzed the QSPR of the reverse degree-based topological in-

dices. Haoer and Virk [8] computed reverse Zagreb indices, reverse hyper indices, and their

polynomials for metal-organic networks. Hashmi et al. [9] computed the reverse ABC index

for different generations of dendrimers. Rosary [21] computed some reverse degree-based topo-

logical indices for the line graph Remdesivir. Recently, Prasanna Poojari et al. [18] computed

some reverse degree-based topological indices for Zanamivir and Oseltamivir.

Motivated by this, we aim to compute the reverse topological indices for the line graph of

molecular structures of Zanamivir and Oseltamivir.

Milan Randić [20] introduced the first degree-based index. Wei et al. [26] defined the

reverse Randić index as

RRα(G) =
∑

mn∈E(G)

(
Rψ(m) ×Rψ(n)

)α
; α = 1,−1,

1

2
,−1

2
. (1.1)

If α = 1, then it is called the reverse second Zagreb index RM2(G).

Estrada et al. [2] presented the atom bond connectivity index. Wei et al. [26] defined the

reverse atom bond connectivity index as

RABC(G) =
∑

mn∈E(G)

√
Rψ(m) +Rψ(n)− 2

Rψ(m) ×Rψ(n)
. (1.2)

Vukicevic et al. [25] proposed the geometric arithmetic index. Wei et al. [26] defined the

reverse geometric arithmetic index as

RGA(G) =
∑

mn∈E(G)

2

√
Rψ(m) ×Rψ(n)

Rψ(m) +Rψ(n)
. (1.3)

In 1972, Gutman discussed the first and second Zagreb indices [6,4]. Wei et al. [26] defined

the reverse first and reverse second Zagreb indices as

RM1(G) =
∑

mn∈E(G)

(
Rψ(m) +Rψ(n)

)
, (1.4)
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RM2(G) =
∑

mn∈E(G)

(
Rψ(m) ×Rψ(n)

)
. (1.5)

In 2008, Doslic and Gutman [1,5] presented the first and second Zagreb co-indices. Wei et

al. [26] defined the reverse first and reverse second Zagreb co-indices as

RM1(G) = 2|E(G)| (|(V (G)| − 1)−RM1(G), (1.6)

RM2(G) = 2|E(G)|2 − 1

2
RM1(G)−RM2(G). (1.7)

In 2013, Shirdel et al. [23] discussed the concept of hyper Zagreb index. Wei et al. [26]

defined the reverse hyper Zagreb index as

RHM(G) =
∑

mn∈E(G)

(
Rψ(m) +Rψ(n)

)2
. (1.8)

Furtula and Gutman [6] introduced the Forgotten index. Wei et al. [26] defined the reverse

forgotten index as

RF (G) =
∑

mn∈E(G)

(
(Rψ(m))

2 + (Rψ(n))
2
)
. (1.9)

Wei et al. [26] defined the reverse Balaban index for a graph as: Let n and m be order

and size of a graph G, respectively. Then,

RJ(G) =
m

m− n+ 2

∑
mn∈E(G)

1√
Rψ(m) ×Rψ(n)

. (1.10)

Wei et al. [26] defined the reverse first multiple and the reverse second multiple Zagreb

indices as

RPM1(G) =
∏

mn∈E(G)

(
Rψ(m) +Rψ(n)

)
, (1.11)

RPM2(G) =
∏

mn∈E(G)

(
Rψ(m) ×Rψ(n)

)
. (1.12)

Rajini et al. [19] defined the notion of redefined first, second and third Zagreb indices for

a graph. Wei et al. [26] defined the reverse redefined first, second, and third Zagreb indices as

RReZG1(G) =
∑

mn∈E(G)

Rψ(m) +Rψ(n)

Rψ(m) ×Rψ(n)
, (1.13)

RReZG2(G) =
∑

mn∈E(G)

Rψ(m) ×Rψ(n)
Rψ(m) +Rψ(n)

, (1.14)

RReZG3(G) =
∑

mn∈E(G)

(
Rψ(m) +Rψ(n)

) (
Rψ(m) ×Rψ(n)

)
. (1.15)
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§2. Methods and Techniques

The methods used in this paper contain reverse vertex degree counting, division of vertices

based on reverse degree, and partition of edges based on the reverse degree of end vertices.

The topological indices as given in formulas (1.1)-(1.15) are calculated with the help of reverse

vertex degree counting and partition of edges techniques. The chemical structures (both 2D and

3D) of Zanamivir and Oseltamivir are taken from PubChem, and molecular graphs of chemical

structures are drawn using Microsoft Word. Graphical comparison of the reverse topological

indices of the molecular structure of Zanamivir and Oseltamivir are plotted by using MATLAB.

§3. Main Results

2.1. Reverse Topological Indices of Line Graph of Zanamivir

In this subsection, we find the reverse degree-based topological indices for the line graph of

Zanamivir. The chemical structure and molecular graph of Zanamivir are shown in Figure 1.

(a) Chemical structure of Zanamivir, (b) Molecular graph of Zanamivir.

Figure 1

We consider hydrogen suppressed molecular graph of compounds since the vertices repre-

senting hydrogen atoms do not contribute graph isomorphism. The graph of Zanamivir with

vertices and edges; and the line graph of Zanamivir are shown in Figure 2.

(c) Molecular graph of Zanamivir with vertices and edges, (d) Line graph of Zanamivir.

Figure 2

The number of vertices and edges of the line graph of molecular graph of Zanamivir are 23
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and 32, respectively. The edge set is partitioned into seven sets based on the reverse degree of

end vertices.

The first edge set of the partition includes 3 edges mn, where Rψ(m) = 1 and Rψ(n) = 1.

The second edge set of the partition includes 9 edges mn, where Rψ(m) = 1 and Rψ(n) = 2.

The third edge set of the partition includes 5 edges mn, where Rψ(m) = 1 and Rψ(n) = 3. The

fourth edge set of the partition includes 6 edges mn, where Rψ(m) = 2 and Rψ(n) = 2. The

fifth edge set of the partition includes 5 edges mn, where Rψ(m) = 2 and Rψ(n) = 3. The sixth

edge set of the partition includes an edge mn, where Rψ(m) = 2 and Rψ(n) = 4. The seventh

edge set of the partition includes 3 edges mn, where Rψ(m) = 3 and Rψ(n) = 3.

Clearly, the number of vertices and edges of the line graph of Zanamivir are 23 and 32,

respectively.

The maximum degree of the vertex of the line graph of Zanamivir is 4. By using the

definition of reverse vertex degree Rψ(L(G)) = ∆(L(G)) − ψ(v) + 1, the reverse degree-based

edge partition of the line graph of Zanamivir is given in Table 1.(
Rψ(m), Rψ(m)

)
(1,1) (1,2) (1,3) (2,2) (2,3) (2,4) (3,3)

Number of edges 3 9 5 6 5 1 3

Table 1. Edge partition of line graph of Zanamivir

We now find reverse degree-based topological indices for the line graph of Zanamivir.

• Reverse Randić index

RRα(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) ×Rψ(n)

)α
;α = 1,−1,

1

2
,−1

2

For α = 1,

RR1(L(G)) =3(1× 1) + 9(1× 2) + 5(1× 3) + 6(2× 2) + 5(2× 3) + 1(2× 4) + 3(3× 3)

= 125.

For α = −1,

RR−1(L(G)) =
3

1× 1
+

9

1× 2
+

5

1× 3
+

6

2× 2
+

5

2× 3

+
1

2× 4
+

3

3× 3
= 11.96.

For α = 1
2 ,

RR 1
2
(L(G)) = 3

√
1× 1 + 9

√
1× 2 + 5

√
1× 3 + 6

√
2× 2 + 5

√
2× 3

+ 1
√

2× 4 + 3
√

3× 3

= 60.46.
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For α = − 1
2 ,

RR− 1
2
(L(G)) =

3√
1× 1

+
9√

1× 2
+

5√
1× 3

+
6√

2× 2
+

5√
2× 3

+
1√

2× 4
+

3√
3× 3

= 18.64.

• Reverse atom bond connectivity index

RABC(L(G)) =
∑

mn∈E(L(G))

√
Rψ(m) +Rψ(n)− 2

Rψ(m) ×Rψ(n)

= 3

√
1 + 1− 2

1× 1
+ 9

√
1 + 2− 2

1× 2
+ 5

√
1 + 3− 2

1× 3
+ 6

√
2 + 2− 2

2× 2
+ 5

√
2 + 3− 2

2× 3

+ 1

√
2 + 4− 2

2× 4
+ 3

√
3 + 3− 2

3× 3

= 20.93

• Reverse geometric arithmetic index

RGA(L(G)) =
∑

mn∈E(L(G))

2

√
Rψ(m) ×Rψ(n)

Rψ(m) +Rψ(n)

= 3

(
2
√

1× 1

1 + 1

)
+ 9

(
2
√

1× 2

1 + 2

)
+ 5

(
2
√

1× 3

1 + 3

)
+ 6

(
2
√

2× 2

2 + 2

)
+ 5

(
2
√

2× 3

2 + 3

)
+ 1

(
2
√

2× 4

2 + 4

)
+ 3

(
2
√

3× 3

3 + 3

)
= 30.66

• Reverse first Zagreb index

RM1(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 3(1 + 1) + 9(1 + 2) + 5(1 + 3) + 6(2 + 2) + 5(2 + 3) + 1(2 + 4) + 3(3 + 3)

= 126

• Reverse second Zagreb index

RM2(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) ×Rψ(n)

)
= 3(1× 1) + 9(1× 2) + 5(1× 3) + 6(2× 2) + 5(2× 3)

+ 1(2× 4) + 3(3× 3)

= 125
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• Reverse first Zagreb co-index

RM1(L(G)) =2|E(L(G))| (|(V (L(G))| − 1)−RM1(L(G))

= 2(32)(23− 1)− 126

= 1282

• Reverse second Zagreb co-index

RM2(L(G)) =2|E(L(G))|2 − 1

2
RM1(L(G))−RM2(L(G))

= 2(32)2 − 126

2
− 125

= 1860

• Reverse hyper Zagreb index

RHM(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)2
= 3(1 + 1)2 + 9(1 + 2)2 + 5(1 + 3)2 + 6(2 + 2)2 + 5(2 + 3)2

+ 1(2 + 4)2 + 3(3 + 3)2

= 538

• Reverse forgotten index

RF (L(G)) =
∑

mn∈E(L(G))

(Rψ(m))
2 + (Rψ(n))

2

= 3(12 + 12) + 9(12 + 22) + 5(12 + 32) + 6(22 + 22) + 5(22 + 32)

+ 1(22 + 42) + 3(32 + 32)

= 288

• Reverse Balaban index: Let n and m be order and size of L(G), respectively. Then

RJ(L(G)) =
m

m− n+ 2

∑
mn∈E(L(G))

1√
Rψ(m) ×Rψ(n)

=
32

32− 23 + 2

(
3√

1× 1
+

9√
1× 2

+
5√

1× 3

+
6√

2× 2
+

5√
2× 3

+
1√

2× 4

)

+
32

32− 23 + 2

(
3√

3× 3

)
= 54.24
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• Reverse first multiple Zagreb index

RPM1(L(G)) =
∏

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 3(1 + 1)× 9(1 + 2)× 5(1 + 3)× 6(2 + 2)× 5(2 + 3)

× 1(2 + 4)× 3(3 + 3) = 209952000

• Reverse second multiple Zagreb index

RPM2(L(G)) =
∏

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 3(1× 1)× 9(1× 2)× 5(1× 3)× 6(2× 2)

× 5(2× 3)× 1(2× 4)× 3(3× 3) = 125971200

• Reverse first refined Zagreb index

RReZG1(L(G)) =
∑

mn∈E(L(G))

Rψ(m) +Rψ(n)

Rψ(m) ×Rψ(n)

= 3

(
1 + 1

1× 1

)
+ 9

(
1 + 2

1× 2

)
+ 5

(
2 + 3

2× 3

)
+ 6

(
2 + 2

2× 2

)
+ 5

(
2 + 3

2× 3

)
+ 1

(
2 + 4

2× 4

)
+ 3

(
3 + 3

3× 3

)
= 39.08

• Reverse second refined Zagreb index

RReZG2(L(G)) =
∑

mn∈E(L(G))

Rψ(m) ×Rψ(n)
Rψ(m) +Rψ(n)

= 3

(
1× 1

1 + 1

)
+ 9

(
1× 2

1 + 2

)
+ 5

(
2× 3

2 + 3

)
+ 6

(
2× 2

2 + 2

)
+ 5

(
2× 3

2 + 3

)
+ 1

(
2× 4

2 + 4

)
+ 3

(
3× 3

3 + 3

)
= 29.08

• Reverse third refined Zagreb index

RReZG3(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

) (
Rψ(m) ×Rψ(n)

)
= 3(2× 1) + 9(3× 2) + 5(4× 3) + 6(4× 4) + 5(5× 6)

+ 1(6× 8) + 3(6× 9) = 576

2.2. Reverse Topological Indices of Line Graph of Oseltamivir

In this subsection, we find the reverse degree-based topological indices for the line graph of

Oseltamivir. Notice that the chemical structure and molecular graph of Oseltamivir are shown
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in Figure 3.

(a) Chemical structure of Oseltamivir. (b) Molecular graph of Oseltamivir.

Figure 3

The graph of Oseltamivir with vertices and edges; and the line graph of Oseltamivir are

shown in Figure 4.

(a) Molecular graph of Oseltamivir with vertices and edges. (b) Line graph of Oseltamivir.

Figure 4

The number of vertices and edges of the line graph of molecular graph of Oseltamivir are

22 and 29, respectively. The edge set is partitioned into eight sets based on the reverse degree

of end vertices.

The first edge set of the partition includes an edge mn, where Rψ(m) = 1 and Rψ(n) = 1.

The second edge set of the partition includes 8 edges mn, where Rψ(m) = 1 and Rψ(n) = 2.

The third edge set of the partition includes 2 edges mn, where Rψ(m) = 1 and Rψ(n) = 3. The

fourth edge set of the partition includes 9 edges mn, where Rψ(m) = 2 and Rψ(n) = 2. The

fifth edge set of the partition includes 5 edges mn, where Rψ(m) = 2 and Rψ(n) = 3. The sixth
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edge set of the partition includes 2 edges mn, where Rψ(m) = 2 and Rψ(n) = 4. The seventh

edge set of the partition includes an edge mn, where Rψ(m) = 3 and Rψ(n) = 3. The eight edge

set of the partition includes an edge mn, where Rψ(m) = 3 and Rψ(n) = 4.

Clearly, the number of vertices and edges of the line graph of Oseltamivir are 22 and 29,

respectively.

The maximum degree of the vertex of the line graph of Oseltamivir is 4. The reverse

degree-based edge partition of the line graph of Oseltamivir is given in Table 2.(
Rψ(m), Rψ(m)

)
(1,1) (1,2) (1,3) (2,2) (2,3) (2,4) (3,3) (3,4)

Number of edges 1 8 2 9 5 2 1 1

Table 2. Edge partition of line graph of Oseltamivir

We now find obtain the reverse degree-based topological indices for the line graph of Os-

eltamivir.

• Reverse Randić index

RRα(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) ×Rψ(n)

)α
; α = 1,−1,

1

2
,−1

2

For α = 1,

RR1(L(G)) = 1(1× 1) + 8(1× 2) + 2(1× 3) + 9(2× 2) + 5(2× 3)

+ 2(2× 4) + 1(3× 3) + 1(3× 4) = 126.

For α = −1,

RR−1(L(G)) =
1

1× 1
+

8

1× 2
+

2

1× 3
+

9

2× 2
+

5

2× 3
+

2

2× 4

+
1

3× 3
+

1

3× 4
= 9.19.

For α = 1
2 ,

RR 1
2
(L(G)) = 1

√
1× 1 + 8

√
1× 2 + 2

√
1× 3 + 9

√
2× 2 + 5

√
2× 3

+ 2
√

2× 4 + 1
√

3× 3 + 1
√

3× 4

= 58.15.

For α = − 1
2 ,

RR− 1
2
(L(G)) =

1√
1× 1

+
8√

1× 2
+

2√
1× 3

+
9√

2× 2
+

5√
2× 3

+
2√

2× 4
+

1√
3× 3

+
1√

3× 4
= 15.68.
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• Reverse atom bond connectivity index

RABC(L(G)) =
∑

mn∈E(L(G))

√
Rψ(m) +Rψ(n)− 2

Rψ(m) ×Rψ(n)

= 1

√
1 + 1− 2

1× 1
+ 8

√
1 + 2− 2

1× 2
+ 2

√
1 + 3− 2

1× 3
+ 9

√
2 + 2− 2

2× 2

+ 5

√
2 + 3− 2

2× 3
+ 2

√
2 + 4− 2

2× 4
+ 1

√
3 + 3− 2

3× 3
+ 1

√
3 + 4− 2

3× 4

= 19.92

• Reverse geometric arithmetic index

RGA(L(G)) =
∑

mn∈E(L(G))

2

√
Rψ(m) ×Rψ(n)

Rψ(m) +Rψ(n)

= 1

(
2
√

1× 1

1 + 1

)
+ 8

(
2
√

1× 2

1 + 2

)
+ 2

(
2
√

1× 3

1 + 3

)
+ 9

(
2
√

2× 2

2 + 2

)

+ 5

(
2
√

2× 3

2 + 3

)
+ 2

(
2
√

2× 4

2 + 4

)
+ 1

(
2
√

3× 3

3 + 3

)
+ 1

(
2
√

3× 4

3 + 4

)
= 28.05

• Reverse first Zagreb index

RM1(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 1(1 + 1) + 8(1 + 2) + 2(1 + 3) + 9(2 + 2) + 5(2 + 3) + 2(2 + 4)

+ 1(3 + 3) + 1(3 + 4) = 120

• Reverse second Zagreb index

RM2(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) ×Rψ(n)

)
= 1(1× 1) + 8(1× 2) + 2(1× 3) + 9(2× 2) + 5(2× 3) + 2(2× 4)

+ 1(3× 3) + 1(3× 4)

= 126

• Reverse first Zagreb co-index

RM1(L(G)) =2|E(L(G))| (|(V (L(G))| − 1)−RM1(L(G))

= 2(29)(22− 1)− 120

= 1098
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• Reverse second Zagreb co-index

RM2(L(G)) =2|E(L(G))|2 − 1

2
RM1(L(G))−RM2(L(G))

= 2(29)2 − 120

2
− 126

= 1496

• Reverse hyper Zagreb index

RHM(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)2
= 1(1 + 1)2 + 8(1 + 2)2 + 2(1 + 3)2 + 9(2 + 2)2 + 5(2 + 3)2

+ 2(2 + 4)2 + 1(3 + 3)2 + 1(3 + 4)2

= 534

• Reverse forgotten index

RF (L(G)) =
∑

mn∈E(L(G))

(Rψ(m))
2 + (Rψ(n))

2

= 1(12 + 12) + 8(12 + 22) + 2(12 + 32) + 9(22 + 22) + 5(22 + 32) + 2(22 + 42)

+ 1(32 + 32) + 1(32 + 42)

= 282

• Reverse Balaban index:

RJ(L(G)) =
m

m− n+ 2

∑
mn∈E(L(G))

1√
Rψ(m) ×Rψ(n)

=

(
29

29− 22 + 2

)(
1√

1× 1
+

8√
1× 2

+
2√

1× 3
+

9√
2× 2

+
5√

2× 3
+

2√
2× 4

)
+

(
29

29− 22 + 2

)(
1√

3× 3
+

1√
3× 4

)
= 50.53

• Reverse first multiple Zagreb index

RPM1(L(G)) =
∏

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 1(1 + 1)× 8(1 + 2)× 2(1 + 3)× 9(2 + 2)× 5(2 + 3)× 2(2 + 4)

× 1(3 + 3)× 1(3 + 4)

= 174182400
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• Reverse second multiple Zagreb index

RPM2(L(G)) =
∏

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

)
= 1(1× 1)× 8(1× 2)× 2(1× 3)× 9(2× 2)× 5(2× 3)× 2(2× 4)

× 1(3× 3)× 1(3× 4)

= 179159040

• Reverse first refined Zagreb index

RReZG1(L(G)) =
∑

mn∈E(L(G))

Rψ(m) +Rψ(n)

Rψ(m) ×Rψ(n)

= 1

(
1 + 1

1× 1

)
+ 8

(
1 + 2

1× 2

)
+ 2

(
2 + 3

2× 3

)
+ 9

(
2 + 2

2× 2

)
+ 5

(
2 + 3

2× 3

)
+ 2

(
2 + 4

2× 4

)
+ 1

(
3 + 3

3× 3

)
+ 1

(
3 + 4

3× 4

)
= 32.58

• Reverse second refined Zagreb index

RReZG2(L(G)) =
∑

mn∈E(L(G))

Rψ(m) ×Rψ(n)
Rψ(m) +Rψ(n)

= 1

(
1× 1

1 + 1

)
+ 8

(
1× 2

1 + 2

)
+ 2

(
2× 3

2 + 3

)
+ 9

(
2× 2

2 + 2

)
+ 5

(
2× 3

2 + 3

)
+ 2

(
2× 4

2 + 4

)
+ 1

(
3× 3

3 + 3

)
+ 1

(
3× 4

3 + 4

)
= 28.21

• Reverse third refined Zagreb index

RReZG3(L(G)) =
∑

mn∈E(L(G))

(
Rψ(m) +Rψ(n)

) (
Rψ(m) ×Rψ(n)

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

+ 2(6× 8) + 1(6× 9) + 1(7× 12)

= 602

§4. Graphical Comparison of Line Graph of Zanamivir

In order to understand the similarities between the biological and statistical behavior of the

line graph of Zanamivir, we have provided results for topological indices for the structure of

line graph of Zanamivir.



Topological Study of Line Graph of Zanamivir and Oseltamivir Used in the Treatment of H1N1 49

(a)

(b)

Figure 5. (a) Comparison of the reverse Randić index of the line graph of Zanamivir for

α = 1,−1, 12 ,−
1
2 , where red, magenta, blue, and green denotesRR1(L(G)),RR−1(L(G)),RR 1

2
(L(G)),

and RR− 1
2
(L(G)), respectively; (b) comparison of the reverse atom bond connectivity index

and reverse geometric arithmetic index, where red and magenta denotes RABC(L(G)) and

RGA(L(G)), respectively.

(a)
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(b)

Figure 6. (a) Comparison of the reverse first Zagreb index, reverse second Zagreb in-

dex, reverse first Zagreb co-index, and reverse second Zagreb co-index of the line graph of

Zanamivir, where red, magenta, blue, green denotes RM1(L(G)),RM2(L(G)),RM1(L(G))),

and RM2(L(G)), respectively. (b) Comparison of the reverse hyper Zagreb index, reverse for-

gotten index, and reverse Balaban index, where all these of red, magenta and blue denotes

RHM(L(G)),RF (L(G)), and RJ(L(G)), respectively.

Figure 7. (a) Comparison of the reverse first multiple Zagreb index and reverse sec-

ond multiple Zagreb index of the line graph of Zanamivir, where red and magenta denotes

RPM1(L(G)) and RPM2(L(G)), respectively; (b) Comparison of the reverse first redefined

Zagreb index, reverse second redefined Zagreb index, and reverse third redefined Zagreb index,

where red, magenta, and blue denotes RReZG1(L(G)),RReZG2(L(G)), and RReZG3(L(G)),

respectively.

§5. Graphical Comparison of Line Graph of Oseltamivir

The graphical results for topological indices for the structure of line graph of Oseltamivir.
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Figure 8. (a) Comparison of the reverse Randić index of the line graph of Oseltamivir for

α = 1,−1, 1
2
,− 1

2
, where red, magenta, blue, green denotes RR1(L(G)),RR−1(L(G)),RR 1

2
(L(G)) and

RR− 1
2
(L(G)), respectively; (b) comparison of the reverse atom bond connectivity index and reverse

geometric arithmetic index, where red, magenta denotes RABC(L(G)), RGA(L(G)), respectively.

Figure 9. (a) Comparison of the reverse first Zagreb index, reverse second Zagreb index, reverse

first Zagreb co-index, and reverse second Zagreb co-index of the line graph of Oseltamivir, where red,

magenta, blue, and green denotes RM1(L(G)),RM2(L(G)),RM1(L(G))), and RM2(L(G)), respec-

tively; (b) Comparison of the reverse hyper Zagreb index, reverse forgotten index and reverse Balaban

index, where these of red, magenta, blue denotes RHM(L(G)),RF (L(G)), RJ(L(G)), respectively.

Figure 10. (a) Comparison of the reverse first multiple Zagreb index and reverse second multiple
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Zagreb index of the line graph of Oseltamivir, where red and magenta denotes RPM1(L(G)) and

RPM2(L(G)), respectively; (b) Comparison of the reverse first redefined Zagreb index, reverse second

redefined Zagreb index, and reverse third redefined Zagreb index, where red, magenta, blue denotes

RReZG1(L(G)),RReZG2(L(G)), RReZG3(L(G)), respectively.

§6. Conclusion

In this paper, the reverse degree-based topological indices, namely, reverse Randić index, reverse

atomic bond connectivity index, reverse geometric arithmetic index, reverse first and second

Zagreb indices, reverse first and second Zagreb co-indices, reverse hyper Zagreb index, reverse

forgotten index, reverse Balaban index, and reverse first, second, and third refined Zagreb

indices for the line graph of Zanamivir and Oseltamivir are computed. In addition, we have

compared these topological indices graphically as shown in Figures 5-10. Using topological

indices of the line graph of molecular graphs to predict various qualities and activities, such as

entropy, critical pressure, boiling point, enthalpy, and more, can indeed be a valuable approach

to drug discovery and design for H1N1 treatment.
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