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Abstract: The topological indices calculated in a molecular network using the reciprocal (or inverse)
of the degree of vertices are known as reverse degree-based topological indices of a graph. In situations
where the connectivity of atoms or vertices with lower degrees significantly affects a compound's
properties, these indices aim to provide a nuanced assessment of molecular topology. In this article, we
calculate various topological indices of line graphs based on reverse degrees for Belzutifan and
Pazopanib, which are used in the treatment of Renal Cell Cancer. Additionally, we plot 3D plots of their
polynomials and describe their uses.
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1. Introduction

One of the most common tumors in the category of urological Cancers is Renal Cell
Carcinoma (RCC), which is distinguished by its aggressiveness and resistance to standard
chemotherapy. Pazopanib and Belzutifan have emerged as important medicines in the
management of RCC, and recent developments in targeted treatments have completely changed
the therapeutic landscape.

Graph theory is a field of mathematics that deals with the analysis of graphs, which
consist of a set of points called vertices and lines connecting them, known as edges, used to
represent relationships between objects. A line graph is constructed such that each vertex in the
line graph represents an edge in the original graph G. Two vertices in the line graph are adjacent
if and only if their corresponding edges in G share a common vertex. The analysis of line graphs
provides a robust framework for investigating the structural properties, molecular interactions,
and potential synergies of medicinal drugs. We aim to provide a fresh perspective on the
molecular mechanisms of Belzutifan and Pazopanib in the fight against renal cell carcinoma
(RCC) by employing topological indices and mathematical descriptors.

The following literature review highlights the important line graph studies. The
computational characteristics of the carbon nanocone line graphs are investigated in detail [1].
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Zeroth-order generalization of the Randic index for the line graphs of particular chemical
components in pharmaceuticals is analyzed [2]. Topological indices for the line graphs of
fullerene networks, k-subdivided linear tetracene, tetracene nanotori, and carbon nanotubes are
covered [3]. Initially, the Line graphs were introduced by Estrada [4] and Tomovic [5].

Molecular graphs are simple graphs, meaning they don't have loops or multiple edges
and are undirected. In this illustration, the vertices (nodes) of the molecule indicate atoms. The
edges (lines) indicate the chemical bonds between the atoms.

The Reverse degree of graph G was first introduced by Kulli [6]. It is denoted by R(v)
and is defined as R(v) = 1+A(G) — d(v), where d(v) stands for the degree of the vertex v and
A(G) stands for the highest degree of a vertex v in G.

The following literature review presents recent developments in reverse degree graphs.
Zhao et al. [3] evaluated the Reverse Augmented Zagreb index for metal-organic networks
TM-TCNB and further determined several reverse topological descriptors, including the
Reverse General Randic, Reverse Balaban, Reverse Atom-Bond Connectivity, Reverse
Geometric, and Reverse Zagreb indices. Similarly, Jung et al. [7] investigated TUC4 by
computing the Reverse Atom-Bond Connectivity indeXx, the Reverse Geometric-Arithmetic
index, the First and Second Zagreb indices, and the First and Second Hyper Zagreb indices.
Wei et al. [8] determined various reverse degree-based topological indices for the Remdesivir
compound employed in COVID-19 treatment, including the Reverse General Randic, Reverse
Atom-Bond Connectivity, Reverse Geometric-Arithmetic, Reverse Forgotten, Reverse
Balaban, nd Reverse Zagreb indices. Ravi et al. [9] investigated the QSPR of the reverse
degree-based topological indices. Haoer and Virk [10] computed Reverse Zagreb indices,
Reverse Hyper Zagreb indices, and Related polynomials for metal-organic networks. Hashmi
et al. computed the Reverse ABC index for several dendrimer generations [11]. Rosary [12]
computed many topological indices based on reverse degrees for the line graph of Remdesivir.
Prasanna [13] computed Reverse Topological indices for some drugs used in the Treatment of
H1N1. References [14-24] provide comprehensive insights into molecular topological indices
and their applications in chemical graph theory and biological sciences. More recently, H.M.
Nagesh et al. [25] investigated reverse degree-based topological indices for Zanamivir and
Oseltamivir, which are used in the treatment of HLINZ1. This inspired us to calculate the reverse
topological indices for the Pazopanib and Belzutifan molecular structure line graph.

In this paper, the degrees of the vertices u and v are represented by b, and b,
respectively, while p and g denote the size and order of the graph G = (V, E).

Initially, the degree-based topological index was proposed by Milan Randic [26].
The Reverse Randic index was proposed by Wei et al. [8], and is defined as:

RRV(G) =Zu,v€E(G)(bu X bv)ya Where Y= '1a '%, %, 1. (1)
The polynomial of the Reverse Randic index is:
RRY(G) = Ty ver(s) x ™ (2)

The Atom Bond Connectivity index was proposed by Estrada et al. [27]. The Reverse Autom
Bond Connectivity index was proposed by Wei et al. [8], and is defined as:

Dy +0dy,—2
RABC(G) =Ly per(c) | 3

The Geometric Arithmetic index was proposed by Vukicevic et al. [28]. The Reverse
Geometric Arithmetic index was proposed by Wei et al. [8], which is defined as:

Jouxd
RGA (G):Zu,vEE(G) 2 5 u+b - (4)
u v
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The first and second Zagreb indices were proposed by Gutman [29,30]. The Reverse first and
second Zagreb indices were proposed by Wei et al. [8] and are defined as:

RMl(G) :Zu,veE(G)(bu + bv) (5)
RM,(G) =X uvee(6)(Du X Dy) (6)

The polynomials of the reverse first and second Zagreb indices are:
RM(G) = X ver(6) x (Puttv) (7)
RM,(G) =X uvek(6) x (PuxXPv) (8)

The first and second Zagreb co-indices are proposed by Doslic and Gutman [31,32]. The
Reverse first and second Zagreb co-indices are proposed by Wei et al. [8] and are defined as:
RM,(G)=2[EG)|(IV(G)| — 1)-RM(G) 9)
RM,(G)= 2|E(G)P--RM1(G)-RM2(G) (10)
The Hyper Zagreb index was proposed by Shirdel et al. [33]. The Reverse Hyper Zagreb index
was proposed by Wei et al. [8], and is defined as:

RHM(G) =X ver(6) (Pu + 00)° (11)
The polynomial of the Reverse Hyper Zagreb index is:
2
RHM(G) =Zy e x "™ (12)

The Forgotten index was proposed by Furtula and Gutman [29]. The Reverse Forgotten index
was proposed by Wei et al. [8], and is defined as:

RHM(G) =Ty vere)[(0)° +(0,)°] (13)
The Reverse Forgotten polynomial index is:

RHM(G) = Xy ver(c) x/Cw" )] (14)
The Reverse Balaban index was proposed by Wei et al. [8] and is defined as:

RJ(G) = (15)

S, _t
p—q+2 u,veE(G)m
Where p represents the total number of vertices and g represents the total number of edges in
the graph G.
The Reverse first and second Multiple Zagreb indices are proposed by Wei et al. [8] and are
defined as:
RPMl(G) = Hu,veE(G)(bu +d,) (16)
RPM2(G) = Hu,vEE(G)(bu X 0y) (17)
The redefined first, second, and third Zagreb indices were proposed by Gao et al. [34]. The
Reverse redefined first, second, and third Zagreb indices are proposed by Wei et al. [8] and are
defined as:

Dy +0y
RReZG1(G) = Yuver(o) (e (18)
Dy XDy
RReZG2(G) = Luser(o) (op) (19)
RReZG3(G) = Xy ver ) [ (0 X Dy) (0y + y)] (20)
The Reverse redefined third Zagreb polynomial index is defined as:
RReZG?,(G) = Zu,vEE(G) x[(bu"'bv)(buxbv)] (21)

In this article, we calculated the molecular structure of Reverse topological indices of Pazopanib
and Belzutifan.
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2. Materials and Methods

The techniques employed in this work include partitioning edges by the Reverse degree
of end vertices, dividing vertices by reverse degree, and counting reverse vertex degrees. The
topological indices, as indicated by formulae from (1) to (21), are computed using the partition
of edges and reverse vertex degree counting methods. Using ChemDraw Pro 8.0, the 2D
molecular structure and Line graphs of Pazopanib and Belzutifan are drawn, and their
polynomials are computed. PYTHON is used to produce a graphic comparison of the reverse
topological indices of the molecular structures of Pazopanib and Belzutifan.

3. Results and Discussion

3.1. Pazopanib’s line graph's reverse topological indices.

There are 31 vertices and 42 edges in the Pazopanib molecular networks of the line
graph. Table 1 shows the edge partion of the line graph of Pazopanib according to the degree
pairs of adjacenct vertices (,,3,).

NH,

O0=S=0

\>/
Pz
2

a) (b)

Figure 1. (a) 2D molecular structure of Pazopanib; (b) Line graph of Pazopanib.

Table 1. Edge partition of the line graph of Pazopanib.

(0, 0,) | @) | @2 | 13 | 22 | 23 | (33
Number of edge 1 8 6 13 12 ‘ 2
partitions

We now find the reverse degree based topological indices for the line graph of
Pazopanib.
Using equation (1), When y = -1 we obtain:

RR.1[L(C21H2sN7029)]=(1 x 1)1 +8(1 x 2) 1+ 6(1 x3)" 1 + 13(2x 2) 1 +
12(2x3)" 1+ 2(3x3)7!

RR-1[L(C21H23N70.S)] = 12.4722.
Using equation (1), Wheny = — % we obtain:

1 1 1 1
RR 1[L(C2H2sN7028)]=(1 x 1) 2+ 8(1 x 2) 2+ 6(1x 3) 2+ 13(2 X 2) 2 +
2

12(2x3) 2+ 2(3x3) 2
RR _1[L(C21H23N702S)] = 22.1866.

Using equsion (1), When y = % we obtain:
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1 1 1 1
RR1[L(Ca1H23N702S)]= (1 x 1)z + 8(1 x 2)z + 6(1 X 3)z + 13(2 X 2)z + 12(2 X
2

1 1
3)2+ 2(3x 3)2
RR1[L(C21H23N70,S)] = 84.0999.
2
Using equation (1), When y = 1 we obtain:
RR1[L(C21H2sN7028)]= (1 x 1)1 + 8(1 x 2)* + 6(1 x 3)* + 13(2 x 2)* + 12(2 x
3)! +2(3 x 3)?
RR1[L(C21H23N70,S)]= 177.
Using equation (2), we obtain:
RRy(G) = x4 x(1X27 4 gx (X3 4 135 (XD 4 125 (@X3) 425 (3x3)"
RRy(G) = 2x° + 12x° + 13x* + 6x3 + 8x%+x.
Using equation (3), we obtain:
RABC[L(C21H23N70,5)]= \/ ——+8 \/ 22 46 J 1372 413 \/“H +2 \/“3‘2 +

1X2 1x3 2X2 2X3

3+3-2
3X3

RABC[L(C2:H23N70.S)]= 29.5668.

2

Using equation (4), we obtain:
Ty Y2 | V10 4 13020 4 4 20 4 Y50

RGA[L(C21H23N70,8)] = 2{ 1+1 1+2 143 242 243 343

RGA[L(C21H23N70,S)]= 40.4961.
Using equation (5), we obtain:
RM;[L(C21H23N7028)]= (1+1) +8(1+2) +6(1+3) +13(2+2) +12(2+3) +2(3+3)
RM,[L(C21H23N702S)]= 174.
Using equation (6), we obtain:
RM,[L(C21H23N702S)]= (1x1) +8(1x2) +6(1x3) +13(2x2) +12(2x3) +2(3x3)
RM,[L(C21H23N702S)]= 177.
Using equation (7), we obtain:
RM, [L(C21H2sN7028)]= x(1+D + 8x(1+2) 4 6x(1+3) 4 13x(2+2) 4 125(+3) 4
25 (3+3)
RM1[L(C21H23N702S)]= 2x8+12x5+19x* +8x3+X2.
Using equation (8), we obtain:
RM,[L(Ca1H2sN7028)]=x (XD + 8x(1%2) 4 6x(1%3) 4 13x(2%2) 4 12x(2%3) 4
2x(3><3)
RM32[L(C21H23N7028)]= 2x%+12x5+13x*+6x3+8x2+X.
Using equation (9), we obtain:
RM,[L(C21H23sN70,S)]= 2(42) (31-1)-174
RM;, [L(C21H23N702S)] = 2346.
Using equation (10), we obtain:
RM;[L(CaiH2N7O;8)]= 2(42)2-(174)-177
RM,[L(C21H23N70.S)] = 3264.
Using equation (11), we obtain:
RHMI[L(C21H23N702S)]= (1+1)?+8(1+2)%+6(1+3)*+13(2+2)?+12(2+3)?+2(3+3)?
RHM[L(C21H23N702S)] = 752.
Using equation (12), we obtain:
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RHM[L(C21H2sN7028)]=x (1+D* 4 8x(1+2* 4 6 (143)% 4 135 (2+2)* | 125(243)* 4
2x(3+3)2
RHMI[L(C21H23N702S)]=2x36+12x?5+19x6+8x%+x4,
Using equation (13), we obtain:
RHMI[L(C21H23N702S)]= (12+1%)+8(12+22)+6(12+32)+13(22+2%)+12(22+3%)+2(3%+3?)
RHM[L(C21H23N70,S)]= 398.
Using equation (14), we obtain:
RHM[L(C21H2sN7028)|=x 1) +8x (142 | 6y (143%) | 135 (2%+2%) 4
12x(22+32) + 2x(32+32)
RF[L(C21H23N702S)]= 2x*8+12x13+13x8+6x10+8x°+x2,
Using equation (15), we obtain'
— 6 —+13—+12—+2—

RI[L(C21H23N7028)]= 42-31+2 {\/17+8m Vix3 V2x2 V2x3 V3x3
RJ[L(C21H23N70,S)] = 71.6801.

Using equation (16), we obtain:
RPM1[L(C21H2sN7025)]=(1+1)x 8(1 + 2) X 6(1 + 3) x 13(2 + 2) x 12(2 + 3) x
2(3+3)
RPM31[L(C21H23N702S)]= 43130880.
Using equation (17), we obtain:
RPM2[L(C21H23N7028)]=(1x1)x 8(1 x 2) x 6(1 x 3) x 13(2 x 2) X 12(2 x 3) X
2(3x3)
RPM;[L(C21H23N702S)]= 19408896.
Using equation (18), we obtain:
RReZG1[L(C21H2sN70,S)]= (”1) +8 (1”) +6 (“3) +13 (“2) +12(2) +
3+3
2(55)
RReZG1[L(C21H23N702S)]= 46.3333.
Using equation (19), we obtain:
1x1 1Xx2 1x3 2X2 2%X3
RReZG2[L(CatHzsN/0z8)]=(1 ) + 8 (1) + 6 (1) + 13 (22) + 12 (22) +
2 (22)
RReZG:[L(C21H23N702S)]= 40.7333.
Using equation (20), we obtain:
RReZG3[L(C21H23N7029)]=[(1x1)(1 + 1)]+8[(1x2)(1+2)]+6[(1x3)(1 +
3)] +13[(2%2) (2 + 2)]+12[(2x3) (2 + 3)]+2[(3%3) (3 + 3)]
RReZG3[L(C21H23N702S)]= 798.
Using equation (21), we obtain:
RReZG3[L(C21H23N7028)]:X[(1X1)(1+1)]+8X [(1x2)(1+ 2)]+6x [(1X3)(1+3)]+
135 [(2x2)(2+2)] 412 [(2Xx3)(2+3)] 1.9, [(3%3) (3+3)]
RReZG3[L(C21H23N702S)]= 2x34+12x39+13x16+6x12+8x5+x°.
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Graph 1. Pazopanib’s graphical representation of the polynomials (a) Reverse Randic index; (b) Reverse
first Zagreb index; (c) Reverse second Zagreb index; (d) Reverse Hyper Zagreb index; (e) Reverse Forgotten
index; (f) Reverse third refined Zagreb index.

3.2. Belzutifan’s line graphs’ reverse topological indices.

There are 25 vertices and 37 edges in the Belzutifan molecular networks of the line
graph. Table 2 shows the edge partition of the line graph of Belzutifan according to the degree
pairs of adjacent vertices (v,,0,).
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Figure 2. (a) 2D molecular structure of Belzutifan; (b) Line graph of Belzutifan.

Table 2. Edge partition of the line graph of Belzutifan.

(0, D) @) | 12 | 13 | 22 | 23 | (24
Number of Edgepartitons | 9 | 4 | 6 | 11 | 6 | 1

We now find the reverse degree-based topological indices for Belzutifan.
Using equation(1), When y=-1, we obtain:

RRA[L(C17H2F3sNOLS)[F9(1 x D71+ 4(1x2) P +6(1x3) 1 +11(2x2)" 1 +
6(2x3) 1+ (2x4)?

RR.1[L(C,,H,,F3N0O,S)]= 16.875.
Using equation (1), Wheny = — % we obtain:

1 1 1 1
RR i[L(CyyH12FsNO,S)=9(1 X 1) 24+ 4(1x2) 2+ 6(1x3) 2+ 11(2x2) 2 +
2

1 1
6(2x3)2+(2x4) 2
RR_l[L(Cl7H12F3NO4S)]: 235956

Using equation (1), When y = % we obtain:
1 1 1 1
RRi[L(Cy7H1,FsN0,S)]=9(1 X 1)z 4+ 4(1 x 2)z + 6(1 x 3)z + 11(2 X 2)z 4 6(2 X
2

3)§ + (2 x 4)5

RR1[L(C,,H1,F3N0,S)]= 64.5745.

2

Using equation (1), When y = 1, we obtain:

RR1[L(Cy,H1,FsNO,S)]=9(1 X DT+ 4(1 x 2)T + 6(1 x 3)T +11(2 x 2)* + 6(2
3) + (2 x 4)!

RR1[L(C,,H,,F3N0,S)]= 123.
Using equation (2), we obtain:

RR1[L(Cy7H15FsNO4S)|=9x D" 4 4x (X2 4 6x (13T 4 115 (2X2)" 4 @337
x(2><4)1

RR1[L(C;7H,3F3N0,S)]= x8+6x6+11x*+6X3+4x2+9X.
Using equation (3), we obtain:

_ 1+1-2 1+2-2 1+3-2 24+2-2
RABC[L(C,,H,,FsN0O,S)]= 9 / — +4\/ = +6J R R Cecr

6J2+3—2+J2+4—2
2x3 2x4
RABCI[L(C,,H,,F;N0,S)]= 20.4553.
https://nanobioletters.com/ 8of 14
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Using equation (4), we obtain:

\/1><1+ \/1><2+ \/1><3+

V2x2 V2x3 | /2x4
RGA[L(Ci7Hi2FsNO,S)|= 29 100 4 4312 4 g X004 g Y22 4 g 20 4 ¥2X3)

RGA[L(C;,H,,F;N0,S)]= 35.789.

Using equation (5), we obtain:

RM,[L(Cy;H,,F3N0,S)]= 9(1+1)+4(1+2)+6(1+3)+11(2+2)+6(2+3)+(2+4)
RM,[L(C;,H,,F;NO,S)]= 134.

Using equation (6), we obtain:

RM,[L(Cy7H12F3N0,S)]= 9(1x1)+4(1x2)+6(1x3)+11(2x2)+6(2x3)+(2x4)
RM,[L(C,,H,,F3N0,S)] = 123.

Using equation (7), we obtain:

RM,[L(Cy7H1,F3N0,S)]= 9x D +4x1+2) +6x(1+3) +11x 2+2) +6x (2+3) 4 (2+4)
RM,[L(Cy7H 1, F3N0O,S)]= X8+6x5+17x* +4x3+9x2.

Using equation (8), we obtain:

RM,[L(Cy7H15,FsNO,S)] = 9x XD 4 4x(1x2) 4
6x(1><3)_|_11x(2x2)+6x(2><3)+x(2x4)
RM,[L(Cy,H,,F3NO,S)]=x8 + 6x° + 11x*+6x3+4x%+9x1.

Using equation (9), we obtain:

RM;[L(Cy,H,,F3NO,S)]= 2(37)(25-1)-134
RM;[L(C;,H;,FsNO,S)]= 1642.

Using equation (10), we obtain:

RM;[L(C1Hy2F3NO,S)]= 2(37)~(134)-123
RM,[L(C,,H,,F;N0,S)]=2548.

Using equation (11), we ontain:

RHMI[L(Cy7H1,F3sNO,S)]= 9(1+1)%+4(1+2)%+6(1+3)?+11(2+2)%+6(2+3)+(2+4)?
RHM[L(C,,H,,F3sN0,S)]= 530.

Using equation (12), we obtain:
RHM[L(Cy7Hy2FsNO,S)[29x A+ D* +4x 1+ 16 (143)° 411 (2+2)* 165 (2+3)% 4 (2+4)°
RHMI[L(Cy7H13,F3N0,S)]= x36+6x25+17x6+4x%+9x%,

Using equation (13), we obtain:

RHM[L(Cy;H;3F3N0,S]= 9(12+1%)+4(12+22)+6(12+32)+11(22+22)+6(22+3%)+(2%+4?)
RHM[L(C,,H,,F;N0,S)]=284.

Using equation (14), we obtain:

RHM[L(Cy7Hy2 FsNO,S)|=0x (P41 445 (17429 4 63 (1743%) 11 1 5 (2% 42%) 4 65 (27437 4
x(@22+4%)

RF[L (C;7H,,F3N0,S)]= x2+6x13+6x10+11x8+4x5+9x2,
Using equation (15), we obtain:

_ 37 1 1 1 1 1
RIL(C7HiFsNOS)= —=—{9 A=t A=t b=t 1l =+ 6=

1
o
RJ[L(C;7H,,F5;N0,S)]= 62.3597.
Using equation (16), we obtain:
RPM1[L(C17H12F3NOLS)]m9(1+1)x 4(1 + 2) X 6(1 + 3) X 11(2+ 2) X 6(2 + 3) X
(2+4)
RPM1[L(C;,H,,F;N0,S)] = 41057280.

https://nanobioletters.com/ 90of 14
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Using equation (17), we obtain:

RPM2[L(Cy7H12F3NOLS)]m9(1x1)X 4(1 X 2) X 6(1 X 3) X 11(2 X 2) X 6(2 X 3) X
(2x4)

RPM2[L(Cy,H,,F3NO,S)]= 16422912,
Using equation (18), we obtain:

RReZG1[L(C,,Hy,FsNO,S)]= 9(ﬁ)+4(£)+6(ﬁ)+11(£)+6(£)+(ﬂ)

1x1 1x2 1x3 2x2 2X3 2X4
RReZG1[L(Cy7H 2, F3NO,S))]= 48.75.
Using equation (19), we obtain:
RRZGAL(Cur o P3N0y O )4 (1558 ()1 (555)+6 (552)+ ()
RReZG2[L(Cy7,H 2 F3NO,S)]= 31.2.
Using equation (20), we obtain:
RReZG3[L(C;7H1,FsNO,S)]=9[(1x 1)(1+1)]+4[(1x 2)(1+2)]+6[(1x 3)(1+3)]
+11[(2x 2)(2+2)]+6[(2% 3)(2+3)]+ [(2Xx 4)(2+4)]
RReZG3[L(Cy7H, 2, F3N0O,S)]= 518.
Using equation (21), we obtain:
RReZG3[L(C,7H12F3N0,S)]=9x[(DDA+DT 4 gy [(1x2)A+2)] 4 gy [(xA+3)] 4
11x[@x2D@+2)] 4 gy [(2Xx3)(2+3)] 4 4 [2x8)(2+4)]
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Graph 2. Belzutifan’s graphical representation of the polynomials (a)Reverse Randic index; (b) Reverse first
Zagreb index; (c) Reverse second Zagreb index; (d) Reverse Hyper Zagreb index; (e) Reverse Forgotten
index; (f) Reverse third Refined Zagreb index.

3.3. Applications.

The Reverse degree topological indices are an approach that explores the connections
between atoms in molecules to analyze molecular topology. It is applicable in chemistry for
understanding molecular branching arrangements, predicting physical properties, and
distinguishing between isomers. To forecast therapeutic action, solubility, and enhance
productivity, the pharmaceutical industry frequently uses QSAR/QSPR models. It also helps
with lead optimization, where minor structural adjustments can improve medication
effectiveness or reduce adverse effects. In addition, it supports safety screening and toxicity
prediction, ensuring that substances meet pharmacological criteria. Overall, these indices offer
a cost-effective and reliable way to support drug discovery, molecular design, and formulation
research.

4. Conclusion

This work shows how useful reverse-degree-based topological indices are for capturing
subtle molecular topology, especially for line graphs of the drugs Belzutifan and Pazopanib,
which are used to treat renal cell carcinoma. We have offered a theoretical framework for
comprehending their structural and functional characteristics by computing these indices and
examining their polynomials. Without requiring extensive experimental work, these insights
can help chemists and pharmaceutical industry professionals forecast key physicochemical and
pharmacological properties of these drugs. This strategy provides an economical and effective
way to progress drug development and enhance treatment approaches for Renal Cell
Carcinoma.

Author Contribution

Conceptualization, R.J.; methodology, R.J.; software, R.J.; validation, R.J., J.R., and H.N.C;
formal analysis, R.J.; investigation, R.J.; resources, J.R. and H.N.C.; data curation, R.J,;
writing—original draft preparation, R.J.; writing—review and editing, R.J., J.R., and H.N.C,;
visualization, R.J.; supervision, J.R. and H.N.C.; project administration, J.R. All authors have
read and agreed to the published version of the manuscript.

https://nanobioletters.com/ 11 of 14


https://doi.org/10.33263/LIANBS152.064
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS152.064

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

The data supporting the findings of this study are available upon reasonable request from the
corresponding author.

Funding

This research received no external funding.

Acknowledgments

Declared none.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

Hussain, Z.; Munir, M.; Nazeer, W.; Saleem, M.S.; Kang, S.M.; Kwun, Y.C. Computational aspects of line
graph of carbon nanocones. J. Natl. Sci. Found. Sri Lanka 2020, 47, 435-443,
http://dx.doi.org/10.4038/jnsfsr.v47i4.9681.

Mehak, G.E.; Bhatti, A.A. Zeroth-order general Randi¢ index of line graphs of some chemical structures in
drugs. U.P.B. Sci. Bull. 2019, 81, 47-50.

Zuo, X.; Liu, J.-B.; Igbal, H.; Ali, K.; Rizvi, S.T.R. Topological indices of certain transformed chemical
structures. J. Chem. 2020, 2020, 3045646, https://doi.org/10.1155/2020/3045646.

Estrada, E. Edge adjacency relationships and a novel topological index related to molecular volume. J.
Chem. Inf. Comput. Sci. 1995, 35, 31-33, https://doi.org/10.1021/ci00023a004.

Gutman, 1.; Tomovié, Z. On the application of line graphs in quantitative structure-property studies. J. Serb.
Chem. Soc. 2000, 65, 577-580, https://doi.org/10.2298/JSC0008577G.

Kulli, V. Reverse Zagreb and reverse hyper-Zagreb indices and their polynomials of rhombus silicate
networks. Ann. Pure Appl. Math. 2018, 16, 47-51, http://dx.doi.org/10.22457/apam.v16n1a6.

Jung, C.Y.; Gondal, M.A.; Ahmad, N.; Kang, S.M. Reverse degree based indices of some nanotubes. J.
Discrete Math. Sci. Cryptogr. 2019, 22, 1289-1294, https://doi.org/10.1080/09720529.2019.1700921.

Wei, J.; Cancan, M.; Rehman, A.U.; Siddiqui, M.K.; Nasir, M.; Younas, M.T.; Hanif, M.F. On topological
indices of remdesivir compound used in treatment of Corona virus (COVID 19). Polycycl. Aromat. Compd.
2022, 42, 4300-43186, https://doi.org/10.1080/10406638.2021.1887299.

Ravi, V.; Siddiqui, M.K.; Chidambaram, N.; Desikan, K. On topological descriptors and curvilinear
regression analysis of antiviral drugs used in COVID-19 treatment. Polycycl. Aromat. Compd. 2022, 42,
6932-6945, https://doi.org/10.1080/10406638.2021.1993941.

Haoer, R.S.; Virk, A.U.R. Some reverse topological invariants for metal-organic networks. J. Discrete Math.
Sci. Cryptogr. 2021, 24, 499-510, https://doi.org/10.1080/09720529.2021.1899208.

Hashmi, M.K.; Chaudhry, F.; Khalaf, A.J.M.; Farahani, M.R. Investigation of dendrimer structures by means
of reverse atomic bond connectivity index. J. Discrete Math. Sci. Cryptogr. 2021, 24, 473-485,
https://doi.org/10.1080/09720529.2021.1882161.

https://nanobioletters.com/ 12 of 14


https://doi.org/10.33263/LIANBS152.064
https://nanobioletters.com/
http://dx.doi.org/10.4038/jnsfsr.v47i4.9681
https://doi.org/10.1155/2020/3045646
https://doi.org/10.1021/ci00023a004
https://doi.org/10.2298/JSC0008577G
http://dx.doi.org/10.22457/apam.v16n1a6
http://dx.doi.org/10.1080/09720529.2019.1700921
https://doi.org/10.1080/10406638.2021.1887299
https://doi.org/10.1080/10406638.2021.1993941
https://doi.org/10.1080/09720529.2021.1899208
http://dx.doi.org/10.1080/09720529.2021.1882161

https://doi.org/10.33263/LIANBS152.064

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Rosary, M.S. Topological study of line graph of Remdesivir compound used in the treatment of corona virus.
Polycycl. Aromat. Compd. 2022, 42, 5731-5747, https://doi.org/10.1080/10406638.2021.1956552.
Poojary, P.; Shenoy, G.B.; Swamy, N.N.; Ananthapadmanabha, R.; Sooryanarayana, B.; Poojary, N.
Reverse topological indices of some molecules in drugs used in the treatment of HIN1. Biointerface Res.
Appl. Chem. 2022, 13, 71, https://doi.org/10.33263/BRIAC131.071.

Alameri, A.; Alsharafi, M.; Ali, E.; Gumaan, M.S. A note on Topological indices and coindices of
disjunction and symmetric difference of graphs. Discret. Appl. Math. 2021, 304, 230-235,
https://doi.org/10.1016/j.dam.2021.07.037.

Bharali, A.; Pegu, A.; Agarwal, P.; Chamua, M. On M-polynomial and some topological indices of
Favipiravir (T-705) and Ribavirin. J. Discrete Math. Sci. Cryptogr. 2021, 24, 2121-2135,
https://doi.org/10.1080/09720529.2021.2014149.

Cruz, R.; Santamaria-Galvis, A.D.; Rada, J. Extremal values of vertex-degree-based topological indices of
coronoid systems. Int. J. Quantum Chem. 2021, 121, e26536, https://doi.org/10.1002/qua.26536.

Havare, O.C. Quantitative Structure Analysis of Some Molecules in Drugs Used in the Treatment of
COVID19 with Topological Indices. Polycyclic Aromatic Compounds, 2021, 42, 5249-5260,
https://doi.org/10.1080/10406638.2021.1934045.

Havare, O.C. Topological indices and QSPR modeling of some novel drugs used in the cancer treatment.
Int. J. Quantum Chem. 2021, 121, 1-23, https://doi.org/10.1002/qua.26813.

Havare, O.C.; Havare, A.K. Computation of the Forgotten Topological Index and Co-Index for Carbon Base.
Polycycl. Aromat. Compd. 2020, 24, 3488-3500, https://doi.org/10.1080/10406638.2020.1866621.

Molina, E.D.; Rodriguez, J.M.; Sanchez, J.L.; Sigarreta, J.M. Some Properties of the Arithmetic-Geometric
Index. Symmetry 2021, 13, 857, https://doi.org/10.3390/sym13050857.

Narahari, N.; Chandan, K. G.; Soorya Narayana, B. On the M-Polynomial and some topological indices of
the para-line graphs of the nanostructure TUC4C8(R). South East Asian J. Math. Math. Sci. 2021, 17, 313-
330.

Narahari, N.; Sangeetha, T. L.; Suryanarayana, B. General Fifth M-Zagreb Polynomials of the
TUC4C8(R)[p, q] 2D-Lattice and its Derived Graphs. Lett. Appl. NanoBioScience 2021, 10, 1738-1747,
https://doi.org/10.33263/LIANBS101.17381747.

Poojary, P.; Raghavendra, A.; Shenoy, B.G.; Farahani, M.R.; Soorya Narayana, B. Certain topological
indices and polynomials for the Isaac graphs. J. Discrete Math. Sci. Cryptogr., 2021, 24, 511-525,
https://doi.org/10.1080/09720529.2021.1896648.

Rada, J.; Rodriguez, J. M.; Sigarreta, J. M. Geometric properties of chemical graphs. Int. J. Quantum Chem.
2021, 121, 26798, https://doi.org/10.1002/qua.26798.

Nagesh, H.; Kumar, M.M. Topological Study of Line Graph of Zanamivir and Oseltamivir Used in the
Treatment of HINL. Int. J. Math. Combin. 2024, 2, 35-54.

Randic, M. Characterization of molecular branching. J. Am. Chem. Soc. 1975, 97, 6609-6615,
https://doi.org/10.1021/ja00856a001.

Estrada, E.; Torres, L.; Rodriguez, L.; Gutman, I. An atom-bond connectivity index: modelling the enthalpy
of formation of alkanes. Indian J. Chem., Sect. A 1998, 37, 849-855.

Vukicevi¢, D.; Furtula, B. Topological index based on the ratios of geometrical and arithmetical means of
end-vertex degrees of edges. J. Math. Chem. 2009, 46, 1369-1376, https://doi.org/10.1007/s10910-009-
9520-x.

Gutman, I.; Trinajsti¢, N. Graph theory and molecular orbitals. Total ¢@-electron energy of alternant
hydrocarbons. Chemical Physics Letters 1972, 17, 535-538, https://doi.org/10.1016/0009-2614(72)85099-
1.

Furtula, B.; Gutman, |. A forgotten topological index. J. Math. Chem. 2015, 53, 1184-1190,
https://doi.org/10.1007/s10910-015-0480-z.

Doslic, T. Vertex-weighted Wiener polynomials for composite graphs. Ars Math. Contemp 2008, 1, 66-80,
https://doi.org/10.26493/1855-3974.15.895.

Gutman, I.; Furtula, B.; Vukicevic, Z.K.; Popivoda, G. On Zagreb Indices and Coindices. MATCH Commun.
Math. Comput. Chem 2015, 74, 5-16.

Shirdel, G.H.; Rezapour, H.; Sayadi, A. The hyper-Zagreb index of graph operations. Iran. J. Math. Chem.
2013, 4, 213-220, https://doi.org/10.22052/ijmc.2013.5294.

https://nanobioletters.com/ 13 of 14


https://doi.org/10.33263/LIANBS152.064
https://nanobioletters.com/
https://doi.org/10.1080/10406638.2021.1956552
https://doi.org/10.33263/BRIAC131.071
https://doi.org/10.1016/j.dam.2021.07.037
https://doi.org/10.1080/09720529.2021.2014149
https://doi.org/10.1002/qua.26536
https://doi.org/10.1080/10406638.2021.1934045
https://doi.org/10.1002/qua.26813
https://doi.org/10.1080/10406638.2020.1866621
https://doi.org/10.3390/sym13050857
https://doi.org/10.33263/LIANBS101.17381747
https://doi.org/10.1080/09720529.2021.1896648
https://doi.org/10.1002/qua.26798
https://doi.org/10.1021/ja00856a001
https://doi.org/10.1007/s10910-009-9520-x
https://doi.org/10.1007/s10910-009-9520-x
https://doi.org/10.1016/0009-2614(72)85099-1
https://doi.org/10.1016/0009-2614(72)85099-1
https://doi.org/10.1007/s10910-015-0480-z
https://doi.org/10.26493/1855-3974.15.895
https://doi.org/10.22052/ijmc.2013.5294

https://doi.org/10.33263/LIANBS152.064

34. Gao, W.; Farahani, M.R.; Jamil, M.K.; Siddiqui, M.K. The Redefined First, Second and Third Zagreb Indices
of  Titania  Nanotubes  TiO2[m,n]. Open Biotechnol. J. 2016, 10, 272-2717.
https://doi.org/10.2174/1874070701610010272

Publisher’s Note & Disclaimer

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or
the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the
publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the
use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any
liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods,
instructions, or products mentioned in the content. Readers are encouraged to independently verify any
information before relying on it, and the publisher assumes no responsibility for any consequences arising from
the use of materials contained in this publication.

https://nanobioletters.com/ 14 of 14


https://doi.org/10.33263/LIANBS152.064
https://nanobioletters.com/

