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Abstract. Topological indices are graph invariants used for quantitative structure-

activity relationship (QSAR) and quantitative structure-property relationship (QSPR)

in molecular chemistry. Esters are a class of organic compounds which are mostly

fragrant and can be represented by the formula RCOOR. They are usually formed

by the reaction between an acid and an alcohol with elimination of water. Triglyc-

eride is an ester formed by three fatty acids to obtain a single glycerol molecule.

Topological graph indices are some mathematical formulae defined and used to de-

termine some structural properties of the molecules. Discrete Adriatic indices are

the family of 148 bond-additive topological graph indices. In this article, we com-

pute nine of these indices for the total graph, subdivision graph, additional vertex

subdivision graph and additional edge subdivision graph of triglyceride.

1. Introduction and Preliminaries

A topological graph index of a chemical graph G is a numeric quantity attrib-

uted to G. The topological graph indices are graph invariants used for quantitative

structure-activity relationship (QSAR) and quantitative structure-property relation-

ship (QSPR). By means of carefully defined topological graph indices, we can obtain

the physical and chemical properties of a molecule without any time and money con-

suming experiments. To do this, we have to model the molecule by a graph so that

2000 Mathematics Subject Classification. 05C07, 05C76, 05C90.

Key words and phrases. Topological graph indices, topological indices, Adriatic indices, triglyc-

eride, chemical graph, derived graph.

Corresponding author: IN Cangul.

1



2 V. LOKESHA1, M. MANJUNATH1, T. DEEPIKA1, A. S. CEVIK2, I. N. CANGUL3

the atoms of the molecule are represented by the vertices and the chemical bonds

are represented by the edges of the graph. After this modelling, we have an exact

replica of the molecule on which we can do some algebraic calculations to obtain the

required scientific information combinatorically.

Usage of topological indices in chemistry began in 1947 when chemist H. Wiener,

[10], developed the widely known topological descriptor, the Wiener index, and used

it to determine the boiling points, a physical property of alkanes forming a class of

paraffins. In [1], the entire Zagreb indices of graphs have been considered.

Discrete Adriatic indices are the family of 148 bond-additive topological indices

which were scrutinized on the testing sets provided by the International Academy of

Mathematical Chemistry (IAMC), [9]. It has been exhibited that they have good

predictive properties in many cases. There has been an intensive research related to

topological indices and their properties. A recent problem which is called the inverse

problem deals with what integer values can a given topological graph index attend.

In [11], two of the authors solved this problem completely for Zagreb indices. With

a similar manner, in [7], the authors investigated Randic, atom bound connectivity,

geometric arithmetic, Zagreb, Multiplicative Zagreb, redefined Zagreb indices and

Zagreb coindices for line graph of first organic network L(MON1(χ)) and second

organic network L(MON2(χ)), where χ ≥ 2. Also in [8], it has been presented some

renowned topological co-indices, namely first and second Zagreb co-indices, first and

second multiplicative Zagreb co-indices and the F-coindex, and some other degree-

based indices of the co-indices of ceria oxide.

Inverse sum indeg index is a recently introduced bond-additive descriptor that was

selected by Vukicevic and Gasperov, [9], in 2010 as a significant predictor of total

surface area of octane isomers. Symmetric division deg index is a good predictor

of total surface area for polychlorobiphenyls. Inspired from the success of these

indices, the augmented zagreb index is shown to be useful for computing the heat of
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formation of alkanes. The so-called sum-connectivity index is a recent invention and

basic properties of it were established in [2]. Misblance rodeg index is a significant

predictor of enthalpy of vaporisation and of standard enthalpy of vaporisation for

octane isomers. For the definitions of the indices used in this study, refer to Table 1.

Triglycerides are a type of fat (lipid) found in blood, see Fig. 1. After eating, the

body converts any excess calories which are not used right away into triglycerides. The

triglycerides are stored in fat cells. Triglycerides are fats, and they are used to produce

the energy of a cell called adenosine triphosphate (ATP). When energy is needed by

cells, the fat is removed and sent to cells via cholesterol transport. Triglycerides are

also used in the cell membrane to control permeability of the cell. If you regularly

consume more calories than you burn, particularly ”easy” calories like carbohydrates

and fats, you may have high triglycerides, [5], called hypertriglyceridemia. However,

high triglyceride levels increase the risk of heart disease according to the American

Heart Association.

Figure 1. Triglyceride and carbon graph of triglyceride

Triglyceride fatty acid tails can have saturated or unsaturated form. Saturated

fatty acid tails are all single bond carbons. This means that for each carbon, there

are two hydrogens and two carbons attached. There are no double bonds in a satu-

rated molecule. Unsaturated fatty acids have at least one double bond. Single bond

molecules are called mono saturated. A molecule that contains more than one double
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bonds is called polyunsaturated. Here we consider carbon atoms in saturated fatty

acids.

This article is organized in three sections. In Section 1, the preliminary notions are

recalled. In Section 2, the main results of the paper are given. In the final Section,

the conclusions of this paper are discussed.

First we recall some necessary notions:

Definition 1.1. [3] The total graph T (G) of a graph G is the graph whose vertex set

is V ∪ E, with two vertices of T (G) being adjacent if and only if the corresponding

elements of G are adjacent or incident.

Definition 1.2. [4] Let G be a graph. Additional vertex subdivision graph R(G) is

defined as the graph obtained from G by adding a new vertex to V (G) for each edge of

G and by joining such each new vertex to the end vertices of the edge corresponding

to it.

Definition 1.3. [4] Let G be a graph. Additional edge subdivision graph Q(G) is

defined as the graph obtained from G by adding a new vertex to V (G) for each edge

of G and by joining those pairs of new vertices which correspond to adjacent edges

of G by a new edge.

Definition 1.4. [2] Let G be a graph. The subdivision graph S(G) of G is obtained

from G by adding a new vertex onto each edge of G. Another way of obtaining S(G)

is replacing each edge of G by a path of length 2.

Lemma 1.1. [6] Let G be a graph with n vertices and m edges. Then R(G) has n+m

vertices and 3m edges.

Let G be a graph and du be the degree of a vertex u ∈ V (G). Some well known

Adriatic indices are listed in Table 1.
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Name of index Definition

Inverse sum indeg index ISI(G) =
∑

uv∈E(G)
dudv
du+dv

Augmented zagreb index AZI(G) =
∑

uv∈E(G)

[
dudv

du+dv−2

]3
Symmetric Division degree index SDD(G) =

∑
uv∈E(G)

d2u+d2v
dudv

Harmonic index H(G) =
∑

uv∈E(G)
2

du+dv

Sum-Connectivity index SCI(G) =
∑

uv∈E(G)
1√

du+dv

Misbalance deg index MD(G) =
∑

uv∈E(G) | du − dv |

Misbalance rodeg index MRD(G) =
∑

uv∈E(G) |
√
du −

√
dv |

Misbalance irdeg index MIRD(G) =
∑

uv∈E(G) |
1√
du
− 1√

dv
|

Misbalance haddeg index MHD(G) =
∑

uv∈E(G) | 2−du − 2−dv |
Table 1. Some well known Adriatic indices

2. Main Results

In this section, we obtain some results on 9 Adriatic indices for the total graph,

subdivision graph and additional vertex and additional edge subdivision graphs of

triglyceride graph.

Theorem 2.1. Let G be the total graph of triglyceride. Then

ISI[G] = 464.12, AZI[G] = 31415.57547, SDD[G] = 465.4,

H[G] = 55.7395, SCI[G] = 79.3898, MD[G] = 88,

MRD[G] = 21.6899, MIRD[G] = 5.6056, MHD[G] = 3.9688.

Proof. Suppose the graph G is the total graph of triglyceride. It consists of nine

different types of edges as indicated in Table 2. Utilizing these, we obtain the related
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A (2,3) (2,4) (2,6) (3,4) (4,4) (4,5) (4,6) (5,5) (5,6)

B 3 6 3 6 159 22 12 7 9

Table 2. The edge partition of the total graph of triglyceride where A denotes

the type of edges (du, dv) with uv ∈ E(G) and B is the number of edges.

indices as follows:

ISI[G] = 3

[
2.3

2 + 3

]
+ 6

[
2.4

2 + 4

]
+ 3

[
2.6

2 + 6

]
+ 6

[
3.4

3 + 4

]
+ 159

[
4.4

4 + 4

]
+22

[
4.5

4 + 5

]
+ 12

[
4.6

4 + 6

]
+ 7

[
5.5

5 + 5

]
+ 9

[
5.6

5 + 6

]
= 464.12,

AZI[G] = 3

[
2.3

2 + 3− 2

]3
+ 6

[
2.4

2 + 4− 2

]3
+ 3

[
2.6

2 + 6− 2

]3
+ 6

[
3.4

3 + 4− 2

]3
+

159

[
4.4

4 + 4− 2

]3
+ 22

[
4.5

4 + 5− 2

]3
+ 12

[
4.6

4 + 6− 2

]3
+ 7

[
5.5

5 + 5− 2

]3
+

9

[
5.6

5 + 6− 2

]3
= 31415.57547,

SDD[G] = 3

[
22 + 32

2.3

]
+ 6

[
22 + 42

2.4

]
+ 3

[
22 + 62

2.6

]
+ 6

[
32 + 42

3.4

]
+ 159

[
42 + 42

4.4

]
+22

[
42 + 52

4.5

]
+ 12

[
42 + 62

4.6

]
+ 7

[
52 + 52

5.5

]
+ 9

[
52 + 62

5.6

]
= 465.4,

H[G] = 3

[
2

2 + 3

]
+ 6

[
2

2 + 4

]
+ 3

[
2

2 + 6

]
+ 6

[
2

3 + 4

]
+ 159

[
2

4 + 4

]
+22

[
2

4 + 5

]
+ 12

[
2

4 + 6

]
+ 7

[
2

5 + 5

]
+ 9

[
2

5 + 6

]
= 55.7395,
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SCI[G] = 3

[
1√

2 + 3

]
+ 6

[
1√

2 + 4

]
+ 3

[
1√

2 + 6

]
+ 6

[
1√

3 + 4

]
+ 159

[
1√

4 + 4

]
+22

[
1√

4 + 5

]
+ 12

[
1√

4 + 6

]
+ 7

[
1√

5 + 5

]
+ 9

[
1√

5 + 6

]
= 79.3898,

MD[G] = 3|2− 3|+ 6|2− 4|+ 3|2− 6|+ 6|3− 4|+ 159|4− 4|

+22|4− 5|+ 12|4− 6|+ 7|5− 5|+ 9|5− 6|

= 88,

MRD[G] = 3|
√

2−
√

3|+ 6|
√

2−
√

4|+ 3|
√

2−
√

6|+ 6|
√

3−
√

4|+ 159|
√

4−
√

4|

+22|
√

4−
√

5|+ 12|
√

4−
√

6|+ 7|
√

5−
√

5|+ 9|
√

5−
√

6|

= 21.6899,

MIRD[G] = 3

∣∣∣∣ 1√
2
− 1√

3

∣∣∣∣+ 6

∣∣∣∣ 1√
2
− 1√

4

∣∣∣∣+ 3

∣∣∣∣ 1√
2
− 1√

6

∣∣∣∣+ 6

∣∣∣∣ 1√
3
− 1√

4

∣∣∣∣+ 159

∣∣∣∣ 1√
4
− 1√

4

∣∣∣∣
+22

∣∣∣∣ 1√
4
− 1√

5

∣∣∣∣+ 12

∣∣∣∣ 1√
4
− 1√

6

∣∣∣∣+ 7

∣∣∣∣ 1√
5
− 1√

5

∣∣∣∣+ 9

∣∣∣∣ 1√
5
− 1√

6

∣∣∣∣
= 5.6056,

MHD[G] = 3|2−2 − 2−3|+ 6|2−2 − 2−4|+ 3|2−2 − 2−6|+ 6|2−3 − 2−4|+ 159|2−4 − 2−4|

+22|2−4 − 2−5|+ 12|2−4 − 2−6|+ 7|2−5 − 2−5|+ 9|2−5 − 2−6|

= 3.9688.

Hence the result. �
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Theorem 2.2. Let G be the additional vertex subdivision graph of triglyceride. Then

ISI[G] = 112.4, AZI[G] = 840.5, SDD[G] = 229,

H[G] = 55.8, SCI[G] = 55.83066476, MD[G] = 18,

MRD[G] = 6.299328317, MIRD[G] = 3.314437457, MHD[G] = 3.

Proof. Suppose G be the additional vertex subdivision graph of triglyceride. It has

three different types of edges as indicated in Table 3. Utilizing these, we obtain the

A (1,2) (2,2) (2,3)

B 6 94 12

Table 3. The edge partition of the additional vertex subdivision graph of triglyc-

eride, where A denotes the type of edges (du, dv) with uv ∈ E(G) and B is the

number of edges.

required indices as follows:

ISI[G] = 6

[
1.2

1 + 2

]
+ 94

[
2.2

2 + 2

]
+ 12

[
2.3

2 + 3

]
= 112.4,

AZI[G] = 6

[
1.2

1 + 2− 2

]3
+ 94

[
2.2

2 + 2− 2

]3
+ 12

[
1.3

1 + 3− 2

]3
= 840.5,

SDD[G] = 6

[
12 + 22

1.2

]
+ 94

[
22 + 22

2.2

]
+ 12

[
22 + 32

2.3

]
= 229,

H[G] = 6

[
2

1 + 2

]
+ 94

[
2

2 + 2

]
+ 12

[
2

2 + 3

]
= 55.8,
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SCI[G] = 6

[
1√

1 + 2

]
+ 94

[
1√

2 + 2

]
+ 12

[
1√

2 + 3

]
= 55.83066476,

MD[G] = 6|1− 2|+ 94|2− 2|+ 12|2− 3|

= 18,

MRD[G] = 6|
√

2−
√

1|+ 94|
√

2−
√

2|+ 12|
√

3−
√

2|

= 6.299328317,

MIRD[G] = 6

∣∣∣∣ 1√
1
− 1√

2

∣∣∣∣+ 94

∣∣∣∣ 1√
2
− 1√

2

∣∣∣∣+ 12

∣∣∣∣ 1√
2
− 1√

3

∣∣∣∣
= 3.314437457,

MHD[G] = 6|2−1 − 2−2|+ 94|2−2 − 2−2|+ 12|2−2 − 2−3|

= 3.

Hence the result. �

Theorem 2.3. Let G be the additional edge subdivision graph of triglyceride. Then

ISI[G] = 261.4333333, AZI[G] = 1964.481481, SDD[G] = 406.

H[G] = 51.13333333, SCI[G] = 65.24512394, MD[G] = 272.

MRD[G] = 76.39583484, MIRD[G] = 25.39800052, MHD[G] = 22.125.

Proof. Suppose that the graph G is the additional edge subdivision graph of triglyc-

eride which consists of five different types of edges as indicated in Table 4. Utilizing

these values, we obtain the related indices as follows:

ISI[G] = 6

[
2.2

2 + 2

]
+ 15

[
2.6

2 + 6

]
+ 97

[
2.4

2 + 4

]
+ 41

[
4.4

4 + 4

]
+ 9

[
4.6

4 + 6

]
= 261.4333333,
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A (2,2) (2,4) (2,6) (4,4) (4,6)

B 6 97 15 41 9

Table 4. The edge partition of additional edge subdivision graph of triglyceride

where A denotes the type of edges (du, dv) with uv ∈ E(G) and B is the number of

edges.

AZI[G] = 6

[
2.2

2 + 2− 2

]3
+ 15

[
2.6

2 + 6− 2

]3
+ 97

[
2.4

2 + 4− 2

]3
+ 41

[
4.4

4 + 4− 2

]3
+

9

[
4.6

4 + 6− 2

]3
= 1964.481481,

SDD[G] = 6

[
22 + 22

2.2

]
+ 15

[
22 + 62

2.6

]
+ 97

[
22 + 42

2.4

]
+ 41

[
42 + 42

4.4

]
+ 9

[
42 + 62

4.6

]
= 406,

H[G] = 6

[
2

2 + 2

]
+ 15

[
2

2 + 6

]
+ 97

[
2

2 + 4

]
+ 41

[
2

4 + 4

]
+ 9

[
2

4 + 6

]
= 51.13333333,

SCI[G] = 6

[
1√

2 + 2

]
+ 15

[
1√

2 + 6

]
+ 97

[
1√

2 + 4

]
+ 41

[
1√

4 + 4

]
+

9

[
1√

4 + 6

]
= 65.24512394,

MD[G] = 6|2− 2|+ 15|2− 6|+ 97|2− 4|+ 41|4− 4|+ 9|4− 6|

= 272,



DERIVED GRAPHS OF TRIGLYCERIDE 11

MRD[G] = 6|
√

2−
√

2|+ 15|
√

6−
√

2|+ 97|
√

4−
√

2|+ 41|
√

4−
√

4|+

9|
√

6−
√

4|

= 76.39583484,

MIRD[G] = 6

∣∣∣∣ 1√
2
− 1√

2

∣∣∣∣+ 15

∣∣∣∣ 1√
2
− 1√

6

∣∣∣∣+ 97

∣∣∣∣ 1√
2
− 1√

4

∣∣∣∣+ 41

∣∣∣∣ 1√
4
− 1√

4

∣∣∣∣+

9

∣∣∣∣ 1√
4
− 1√

6

∣∣∣∣
= 25.39800052,

MHD[G] = 6|2−2 − 2−2|+ 15|2−2 − 2−6|+ 97|2−2 − 2−4|+ 41|2−4 − 2−4|+

9|2−4 − 2−6|

= 22.125.

This completes the proof. �

Theorem 2.4. Let G be the subdivision graph of triglyceride. Then

ISI[G] = 279.4781746, AZI[G] = 2135.073013, SDD[G] = 402.7333333 ,

H[G] = 51.12460317, SCI[G] = 65.65375204, MD[G] = 242 ,

MRD[G] = 69.84930326, MIRD[G] = 24.58942278, MHD[G] = 21.65625 .

Proof. The subdivision graph of triglyceride consists of ten different types of edges

given in Table 5. Utilizing these values, we obtain the related indices as follows.

A (1,3) (1,4) (2,3) (2,4) (2,5) (3,4) (3,5) (4,4) (4,5) (5,5)

B 3 3 3 84 7 8 7 38 13 4

Table 5. The edge partition of subdivision graph of triglyceride where A

denotes the type of edges (du, dv) with uv ∈ E(G) and B is the number of edges.
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ISI[G] = 3

[
1.3

1 + 3

]
+ 3

[
1.4

1 + 4

]
+ 3

[
2.3

2 + 3

]
+ 84

[
2.4

2 + 4

]
+ 7

[
2.5

2 + 5

]
+7

[
3.5

3 + 5

]
+ 8

[
3.4

3 + 4

]
+ 38

[
4.4

4 + 4

]
+ 13

[
4.5

4 + 5

]
+ 4

[
5.5

5 + 5

]
= 279.4781746,

AZI[G] = 3

[
1.3

1 + 3− 2

]3
+ 3

[
1.4

1 + 4− 2

]3
+ 3

[
2.3

2 + 3− 2

]3
+ 84

[
2.4

2 + 4− 2

]3
+

7

[
2.5

2 + 5− 2

]3
+ 7

[
3.5

3 + 5− 2

]3
+ 8

[
3.4

3 + 4− 2

]3
+ 38

[
4.4

4 + 4− 2

]3
+

13

[
4.5

4 + 5− 2

]3
+ 4

[
5.5

5 + 5− 2

]3
= 2135.073013,

SDD[G] = 3

[
12 + 32

1.3

]
+ 3

[
12 + 42

1.4

]
+ 3

[
22 + 32

2.3

]
+ 84

[
22 + 42

2.4

]
+

7

[
22 + 52

2.5

]
+ 7

[
32 + 52

3.5

]
+ 8

[
32 + 42

3.4

]
+ 38

[
42 + 42

4.4

]
+

13

[
42 + 52

4.5

]
+ 4

[
52 + 52

5.5

]
= 402.733333,

H[G] = 3

[
2

1 + 3

]
+ 3

[
2

1 + 4

]
+ 3

[
2

2 + 3

]
+ 84

[
2

2 + 4

]
+ 7

[
2

2 + 5

]
+7

[
2

3 + 5

]
+ 8

[
2

3 + 4

]
+ 38

[
2

4 + 4

]
+ 13

[
2

4 + 5

]
+ 4

[
2

5 + 5

]
= 51.12460317,

SCI[G] = 3

[
1√

1 + 3

]
+ 3

[
1√

1 + 4

]
+ 3

[
1√

2 + 3

]
+ 84

[
1√

2 + 4

]
+ 7

[
1√

2 + 5

]
+7

[
1√

3 + 5

]
+ 8

[
1√

3 + 4

]
+ 38

[
1√

4 + 4

]
+ 13

[
1√

4 + 5

]
+ 4

[
1√

5 + 5

]
= 65.65375204,
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MD[G] = 3|1− 3|+ 3|1− 4|+ 3|2− 3|+ 84|2− 4|+ 7|2− 5|+ 7|3− 5|+ 8|3− 4|+

38|4− 4|+ 13|4− 5|+ 4|5− 5|

= 242.

MRD[G] = 3|
√

1−
√

3|+ 3|
√

1−
√

4|+ 3|
√

2−
√

3|+ 84|
√

2−
√

4|+ 7|
√

2−
√

5|

+7|
√

3−
√

5|+ 8|
√

3−
√

4|+ 38|
√

4−
√

4|+ 13|
√

4−
√

5|+ 4|
√

5−
√

5|

= 69.84930326,

MIRD[G] = 3

∣∣∣∣ 1√
1
− 1√

3

∣∣∣∣+ 3

∣∣∣∣ 1√
1
− 1√

4

∣∣∣∣+ 3

∣∣∣∣ 1√
2
− 1√

3

∣∣∣∣+ 84

∣∣∣∣ 1√
2
− 1√

4

∣∣∣∣+ 7

∣∣∣∣ 1√
2
− 1√

5

∣∣∣∣
+7

∣∣∣∣ 1√
3
− 1√

5

∣∣∣∣+ 8

∣∣∣∣ 1√
3
− 1√

4

∣∣∣∣+ 38

∣∣∣∣ 1√
4
− 1√

4

∣∣∣∣+ 13

∣∣∣∣ 1√
4
− 1√

5

∣∣∣∣+

4

∣∣∣∣ 1√
5
− 1√

5

∣∣∣∣
= 24.58942278,

MHD[G] = 3|2−1 − 2−3|+ 3|2−1 − 2−4|+ 3|2−2 − 2−3|+ 84|2−2 − 2−4|+ 7|2−2 − 2−5|

+7|2−3 − 2−5|+ 8|2−3 − 2−4|+ 13|2−4 − 2−5|+ 38|2−4 − 2−4|+ 4|2−5 − 2−5|

= 21.65625.

Hence the result. �

3. Conclusion

In this paper, we combinatorically calculated and compared some of the discrete

Adriatic indices. In Figure 2-(a),(b),(c) and (d), ”Series1” indicates the values of the

nine Adriatic graph indices of triglyceride molecule itself, and ”Series2” indicates the

values of graph indices of T (G), R(G), Q(G) and S(G), respectively. In this regard,



14 V. LOKESHA1, M. MANJUNATH1, T. DEEPIKA1, A. S. CEVIK2, I. N. CANGUL3

(a) (b)

(c) (d)

Figure 2. Comparison of the graph indices of the derived graphs of triglyceride

it is shown that the augmented Zagreb index is highly elevated in all cases and the

rest of the indices are taking very approximate values to triglyceride molecule.
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