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Abstract

The molecular topological indices as validly demonstrated its high performance in the discovery and design of new drugs.
The goal of this paper is to study the structurally constructed a graph model of human Liver using graph operator. After the
construction, nurtured the model using various topological indices. Also, established a diagnosis defect in the human Liver.
Basically, considered structure of Liver can divide into healthy Liver and affected Liver. In this case study the topological
indices are used in describe the structure of Liver using graph operator. Constructed model can be useful further in the
medical field for any diagnosis with special care.

Keywords: Liver Structure, double graph, first and second Zagreb, Harmonic index, Randic index, Symmetric division deg index,
Atom-Bond connectivity (ABC) index, Geometric-Arithmetic (GA) index.
AMS 2010 codes: AMS Subject Classification: 05C05, 05C12, 05C75.

1 Introduction and Preliminaries

A topological index is a numerical value associated with chemical constitution for correlation of chemical
structure with various physical properties, chemical reactivity or biological activity. Most of the useful topolog-
ical indices are distance based or degree based. In order to study the structure and functioning of the human
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Liver is the largest solid organ in the body. This Liver having storing excess nutrients and returning some of
the nutrients to the bloodstream, ridding the body of harmful substances in the bloodstream, including drugs
and alcohol, helping the body store sugar(glucose) in the form of glycogen also breaking down saturated fat and
producing cholesterol. This structure of Liver can divide into normal Liver and cirrhosis of the Liver also it is
called as healthy Liver and affected Liver. In this study the topological indices are used in describe the structure
of Liver using double graph operator. A healthy Liver is defined as structure in which all the edges and vertices
are present in graph Figure 3 while in the case of affected Liver is disconnecting some edges in the healthy Liver
graph. Therefore, these topological indices help in the determination of changing in the healthy and affected
Liver structure. Motivated from the work [17], we established new model study of the cirrhosis of the Liver
using double graph operator.

For our study we recalled degree based topological indices are defined as follows:
The first and second Zagreb indices, have been introduced more than thirty years ago by I. Gutman and Trinajs-
tic [10]. They defined as:

My G)= Y, (d.d)).
uveE(G)
The Zagreb indices found many applications in QSPR and QSAR studies. For more details on this topological
indices we refer to [11-13,21,24,25].
There are many topological indices defined on the basis of the vertex-degree of graph one of the vertex-
degree based index namely Harmonic index H(G) is defined as,

for more results on Harmonic index we refer to the articles [18,26, 28].
Randic index: The connectivity index introduced in 1975 by Milan Randic [22], who has shown this index
to reflect molecular branching, Randic index was defined as,

1
RO= L Jaa)

results on the Randic index we refer the articles [14, 16].

Symmetric division deg index: Among 148 discrete adriatic indices [1,2] we considered Symmetric division
deg index discrete adriatic indices. For collection of recent results on [9, 15], the Symmetric division deg index
according to is defined as,
d2+d2

SDD(G) = Z i

uveE(G)

The Atom-Bond Connectivity index: (ABC) index according, proposed by Ernesto Estrada [5] is defined as
follows,

d,+d,—2

ABC(G)= ) i d

uveE(G)
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We refer the articles [4, 8].
The Geometric-Arithmetic index: Another topological index namely, Geometric-Arithmetic index, defined
by Vukicevic and Furtula [27] as follows

2\/d,.d,
d,+d,’

GA(G) =
uveE(G)

results on the GA index we refer the articles, [3,7,29, 30].

Munarini et al. [20] defined the double graph of a simple graph denoted as D[G]|. The double graph of a
simple graph G can be build up taking two distinct copies of the graph G and joining every vertex V in one copy
to every vertex w' in the other copy corresponding to a vertex W adjacent to V in the first copy. In this paper we
study some distance based topological indices for double graph also we refer the articles [19].

Example:

G D(6)
Fig. 1 A graph G and its double graph D[G]
V. Lokesha and co-workers and M. Faisal Nadeem and et. al., [6, 17,23] utilized the following operators.

The subdivision graph S(G) is the graph obtained from G by replacing each edge by a path of length 2 or by
inserting a vertex in every edge of the graph G.

R(G) is the graph obtained from G by adding a new vertex corresponding to every edge of G and by joining
each new vertex to the end vertices of the edge corresponding to it.

Recently V. Lokesha, A. Usha and et. al., [17] worked on Topological indices on model graph structure
of Alveoli in human lungs. Motivated from the above works, we computed the first, second Zagreb indices,
Harmonic index, Randic index, Symmetric division deg index, Atom-Bond Connectivity index and Geometric-
Arithmetic index of D(G) of model of healthy Liver.

The construction of paper is organized as follows:
Section 1, consists of introduction and essential definitions which is necessary for the main results. section
2, contains topological indices of D(G) of healthy Liver, section 3, contains topological indices of D(G) of
cirrhosis of human Liver and Final section will consists of topological indices of S(G) and R(G) for healthy
Liver.
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2 Topological indices of Double Graph of Healthy Liver

In this segment, we concentrated basic result on Double graph of healthy Liver, A healthy Liver is defined
as structure in which all the edges and vertices are present in graph as shown in the below Figure.

' % }»}

Normal liver triad

Ve ﬁ,y.\

Cirrhosis
of the liver

Fig. 2 Structure of Normal Liver and cirrhosis Liver(From Dreamstime.com

Fig. 3 Model of Healthy Liver

Theorem 1. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index of double graph of model of
healthy Liver are

M, (D(G)) = 5808 SDD(D(G)) = 615.2
M>(D(G)) = 29664 ABC(D(G)) = 125.38
H(D(G)) =29.88 GA(D(G)) =283.43

R(D(G)) = 30.43

Proof. Let G be a healthy Liver graph and G’ be the copy of healthy Liver graph, then D(G) is a Double graph
of Healthy Liver. This healthy Liver graph as 31 vertices ; of which 12 vertices are of degree 3, 6 vertices are of
degree 5 and 13 vertices of degree 6.

In all, there are 72 edges of which 6 edges are of the type (3,3), 12 edges are of type (3,5), 12 edges of
type (3,6), 18 edges of type (5,6) and 24 edges of type (6,6) Therefore, a double graph of healthy Liver has 62

vertices and 288 edges. Considering the edges and degree of their end vertices, we obtained the indices result.
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3 Topological indices of Double graph of Cirrhosis of the Liver

In this segment, This cirrhosis of a Liver is a slowly progressing disease in which healthy Liver tissue is
replaced with scar tissue. Hepatitis C, fatty Liver, and alcohol abuse are the most common causes of cirrhosis
of the Liver. This cirrhosis of the fatty Liver Diseases is Alcoholic Liver Disease (ALD), Non-alcoholic Fatty
Liver Disease (NAFLD) and Acute Fatty Liver of Pregnancy.

In such a case, the graph of healthy Liver results in removal of edges of the inner structure of the graph
which is containing fatty Liver. This affected fatty Liver can cause the removal of one edge, two edges and more
edges, applying different types of topological indices and found the variations in the indices.

Theorem 2. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index double graph of affected
Liver on removal of one edge (Vag,Va9) are

M;(D(G)) = 5696 SDD(D(G)) = 611
M>(D(G)) = 28944 ABC(D(G)) = 124.29
H(D(G)) =29.75 GA(D(G)) =279.67

R(D(G)) = 30.36

Proof. The graph of affected Liver on removal of the edge (Vas, Va9) result in 71 edges. The double graph of the
same will have 284 edges. This affected Liver graph as 31 vertices of which 1 vertex is of degree 2, 11 vertices
of degree 3, 1 vertex is of degree 4, 5 vertices of degree 5, 13 vertices of degree 6. In all there are 71 edges
of which 1 edge of type (2,3), 1 edge of type (2,6), 5 edges of type (3,3), 1 edge of type (3,4), 10 edges of
type (3,5), 11 edges of type (3,6), 3 edges of type (4,6), 15 edges of type (5,6) and 24 edges of type (6,6).
Also, the number of edges of double graph of healthy Liver on removal of one edge will have 284 edges and 62
vertices. Considering the edges and degrees of their end vertices, using the above topological indices definitions
we get the required results.

NOTE: Using the same technique adopted in the above Theorem different removal of one edge sets are as
shown in the table.

Removing of One Edge

ndioes e | (Vs Ven) | (o Vo) | (Via V) | 0 Vae) | (Vi Var) | (V2 Vi)
M,{B(G)) S696 | 5648 | 5632 | 5648 | 5696 | 5728
M:{D(G) 28944 | 2816 | 28160 | 28416 | 28944 | 29168
HID(G)) 2975 | 2522 | 2987 | 2522 | 2975 | 2047
R(D(G)) 3036 | 3043 | 3014 | 3043 | 3036 | 3020
sDD(D(6)) 611 | 60733 | 608 | 60733 | 611 | 618.93
ABC(D(C]) | 12429 | 124.43 | 12451 | 124.43 | 124.29 | 124.33
GA[D(G)) 279.07 | 27941 | 27933 | z79.41 | 279.07 | 27831

Fig. 4 Removing of one edge sets of healthy Liver graph

Theorem 3. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index Of double graph of affected
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Liver on removal of two edges (Vap,Vi7) and (Vy7,V13) are

M, (D(G)) = 5488 SDD(D(G)) = 601.73
M>(D(G)) = 27088 ABC(D(G)) = 123.53
H(D(G)) =29.83 GA(D(G)) = 275.12

R(D(G)) =304

Proof. The graph of affected Liver on removal of the edges (Va2,V)7) and (V;7,V)s) result in 70 edges. The
double graph of the same will have 280 edges. This affected Liver graph as 31 vertices of which 12 vertices is of
degree 3, 2 vertices of degree 4, 6 vertices of degree 5, 11 vertices of degree 6. In all there are 70 edges of which
6 edges of type (3, 3), 2 edges of type (3, 4), 10 edges of type (3, 5), 12 edges of type (3, 6), 6 edges of type (4,
6), 1 edge of type (5, 5), 18 edges of type (5, 6), 15 edges of type (6, 6). Also, the number of edges of double
graph of healthy Liver on removal of two edges will have 280 edges and 62 vertices. Considering the edges and
degrees of their end vertices, using the above topological indices definitions we get the required results.

NOTE: Using the same technique adopted in the above Theorem different removal of two edge sets are as
shown in the table.

Removing of Two Edges

vertices | (1, V) | (VieVa) | OV Vae) | Oin Vi) | (Ve Vi) | (Ve Vaa)
and and and and and and
Indices (Viz, Vig) | (V2e Vo) (Vg Vas) | (Vag Vzs) | (Vas Vz) | (Vaz Vas)
M;(D(G)) 5488 | 5632 5552 | 5560 | 5568 5560
M,(D(G)] 27088 | 28576 | 27840 | 27600 | 28144 | 27600
H(D(G)) 2983 | 29.15 | 29.68 | 29.75 | 2976 | 29.75
R(D(G)) 30.4 30 3032 | 30.25 | 3036 | 30.25
SDD(D(G)) 601.73 | 619.53 | 605.33 | 596.87 | 601.73 | 596.87
ABC(D(G)) 123.53 | 123.19 | 123.32 | 123.08 | 123.12 | 123.08
GA(D(G)) 27512 | 273.92 | 274.81 | 275.68 | 275.2 | 275.68

Fig. 5 Removal of two edge sets of healthy Liver graph

Theorem 4. The first Zagreb index, second Zagreb index, harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index Of double graph of affected
Liver on removal of three edges (Vi7,V13), (Vig,Vaa) and (Vas, Vag) are

M, (D(G)) = 5488 SDD(D(G)) = 613.87
M>(D(G)) = 27472 ABC(D(G)) = 122.21
H(D(G)) =29.08 GA(D(G)) =269.65

(D(
R(D(

)

D(G)) =32.64

Proof. The graph of affected Liver on removal of the edges (Vi7,Vis), (Vis,Va4) and (Vaa,Va9) result in 69
edges. The double graph of the same will have 276 edges. This affected Liver graph as 31 vertices of which 1
vertex is of degree 1, 1 vertex of degree 2, 11 vertices of degree 3, 6 vertices of degree 5, 12 vertices of degree
6. In all there are 69 edges of which 1 edge of type (1, 6), 1 edge of type (2, 6), 6 edges of type (3, 3), 9 edges of
type (3, 5), 12 edges of type (3, 6), 20 edges of type (5, 6), 19 edges of type (6, 6), 1 edge of type (2, 5). Also,
the number of edges of double graph of healthy Liver on removal of three edges will have 276 edges and 62
vertices. Considering the edges and degrees of their end vertices, using the above topological indices definitions
we get the required results.

NOTE: Using the same technique adopted in the above Theorem different removal of three edge sets are as
shown in the table.
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Removing of Three Edges

Vertices | (i, Vis), (Vis, Vas | (Vos, Vis), (Vas, Vaz) | (Vs Vis), (Vas Vas) | (Vaz Vis), (Vas, Vas)
)and and and and
Indices. VzaVa) (Vaz Vir) (Vza,Vzs) (Viz, Va3)
M,(D(G)) 5488 4588 5440 5344
M;(D(G)) 27472 26512 27280 26320
H(D[G)) 29.08 29.63 29.71 29.97
R(D(G)) 32.64 30.29 30.33 30.48
SDD(D(G)) 613.87 599.73 595.8 587.8
ABC(D(G)) 122.21 12243 122.09 122.37
GA(D(G)) 269.65 270.52 270.93 271.81

Fig. 6 Removing of three edge sets of healthy Liver graph

Theorem 5. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index Of double graph of affected
Liver on removal of six edges (Vi7,V13), (Vis,Vaa), (Vaa,V29), (Vag,V29), (Vaz,Vas) and (Vi7,Va2) are

M, (D(G)) = 5104 SDD(D(G)) = 604.8
My (D(G)) = 24624 ABC(D(G)) = 119.17
H(D(G)) =28.6 GA(D(G)) = 256.53

R(D(G)) = 29.68

Proof. The graph of affected Liver on removal of the edges (Vi7,Vig), (Vis,Va4), (Vaa,V29), (Vag, Vag), (Vaz,Vasg)
and, (Vy7,Va2) result in 66 edges. The double graph of the same will have 264 edges. This affected Liver graph
as 31 vertices of which 2 vertices of degree 1, 12 vertices of degree 3, 2 vertices of degree 4, 4 vertices of degree
5, 11 vertices of degree 6. In all there are 66 edges of which 2 edges of type (1, 6), 7 edges of type (3, 3), 8 edges
of type (3, 5), 14 edges of type (3, 6), 8 edges of type (4, 6), 12 edges of type (5, 6), 15 edges of type (6, 6).
Also, the number of edges of double graph of healthy Liver on removal of six edges will have 264 edges and 62
vertices. Considering the edges and degrees of their end vertices, using the above topological indices definitions
we get the required results.

NOTE: Using the same technique adopted in the above Theorem different removal of six edge sets are as
shown in the table.

Removing of Six Edges

VRIS (v, 114), (Vs Vin), (Vi Vas), (Vi Vas) | (Vi Vas), (Vi Vs ), Vi, Vi) (Vs V),
l% < (Vaz Vzz) and (Viz, V22 ) (Vzg, Va3) and (Va2 Vz3)
mi(D(6)) 5104 5120
M(D(G)) 24624 25312
H(D(G)) 286 28.89
R(D(G)) 29.68 29.43
s0D(D(G)) 604.8 565.33
ABCD(C)) 11917 117.36
GA(D(G)) 256.53 259.65

Fig. 7 Removing of six edge sets of healthy Liver graph

The following graphs shows a comparison between M, (G), M»(G) , H(G), R(G), SDD(G), ABC(G), GA(G)
indices using D(G) of healthy and cirrhosis of the Liver as shown in the following Figure-8.
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Healthy Liver Indices when one edge is removed Indices-Removal of two edges
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Fig. 8 Comparison between healthy and cirrhosis of Liver graph.

4 Effect of Subdivision and R(G) operators on human Liver

Here we demonstrate the S(G) and R(G) operators also computed the subdivision and R(G) of healthy Liver.

JAVAVAVAVAN
\/\/ NAVAVE

JAVAVAVAN
\/V\/\/\/

Fig. 9 Subdivision graph of Model of healthy Liver.
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Theorem 6. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index of subdivision graph of
healthy Liver are

Mi(S(G)) = 1014 SDD(S(G)) =425
My(S(G)) = 1452 ABC(S(G)) = 101.82
H(S(G)) = 42.47 GA(S(G)) = 129.93
R(S(G)) = 46.70

Proof. Let G be a healthy Liver graph and S(G) be the subdivision graph of Healthy Liver. This healthy Liver
graph as 103 vertices ; of which 72 vertices are of degree 2, 12 vertices are of degree 3 and 6 vertices of degree
5 and 13 vertices of degree 6.

In all, there are 144 edges of which 36 edges are of the type (2,3), 30 edges are of type (2,5), 78 edges are
of the type (2,6). Considering the edges and degree of their end vertices, and we obtain the required results.

Fig. 10 R(G) of Model of healthy Liver.

Theorem 7. The first Zagreb index, second Zagreb index, Harmonic index, Randic index, Symmetric division
deg index, Atom-Bond Connectivity (ABC) index, Geometric-Arithmetic (GA) index of K(G) be the R(G) of
healthy Liver are

My (K(G)) = 3192 SDD(K(G)) =910.8
My (K(G)) = 10320 ABC(K(G)) = 133.17
H(K(G)) = 32.61 GA(K(G)) = 178.98

R(K(G)) = 40.63

Proof. Let G be a healthy Liver graph and K(G) be the R(G) of healthy Liver. This healthy Liver of K(G)
graph as 103 vertices ; of which 72 vertices are of degree 2, 12 vertices are of degree 6 and 6 vertices of degree
10 and 13 vertices of degree 12.

In all, there are 216 edges of which 36 edges are of the type (2,6), 30 edges are of type (2,10), 78 edges
are of the type (2,12), 6 edges are of the type (6,6), 12 edges are of the type (6,10), 12 edges are of the type
(6,12), 18 edges are of the type (10, 12), 24 edges are of the type (12,12). Considering the edges and degree of
their end vertices, and we obtain the required results.

The following graphs shows a comparison between M| (G), M»>(G), H(G), R(G), SDD(G), ABC(G), GA(G)
indices using S(G) and R(G) operators shown in Figure 8.
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Subdivision graph RiG)
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Fig. 11 The comparison between M| (G), M>(G), H(G), R(G), SDD(G), ABC(G), GA(G) indices using S(G) and R(G)
operators.

5 Conclusions

In this article, we compare the results of the computed topological indices for the normal Liver and the cir-

rhosis of the Liver by applying three graph operators viz., D(G), S(G) and R(G) respectively and the comparison
graphs are shown in Figure 8 and Figure 11.

From this we observed that the normal Liver of D(G) having 288 edges which is maximum and in the case

of cirrhosis of the Liver its ranging from 264 to 284 edges. So, the computation of topological indices of D(G)

are

shrinking when extracting the edges and it is analogous for other cases also. Such that in all this cases, it

is avail to take suggestion and treatment of medical personnel. Thus it can be deduce that the work proposes a

mo

del which is effective in diagnosing the defects in the cirrhosis of the Liver.
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