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+e design of the quantitative structure-property/activity relationships for drug-related compounds using theoretical methods
relies on appropriate molecular structure representations. +e molecular structure of a compound comprises all the information
required to determine its chemical, biological, and physical properties. +ese properties can be assessed by employing a graph
theoretical descriptor tool widely known as topological indices. Generalization of descriptors may reduce not only the number of
molecular graph-based descriptors but also improve existing results and provide a better correlation to several molecular
properties. Recently introduced ve-degree and ev-degree topological indices have been successfully employed for development of
models for the prediction of various biological activities/properties. In this article, we propose the general ve-inverse sum indeg
index ISIve(α,β)(G) and general ve-Zagreb index Mve

α (G) of graph G and compute ISIve(α,β)(G), Mve
α (G), and Mev

α (G) (general ev-
degree index) of hyaluronic acid-curcumin/paclitaxel conjugates, renowned for its potential anti-inflammatory, antioxidant, and
anticancer properties, by using molecular structure analysis and edge partitioning technique. Several ve-degree- and ev-degree-
based topological indices are obtained as a special case of ISIve(α,β)(G), Mve

α (G), and Mev
α (G). Furthermore, QSPR analysis of

ISIve(α,β)(G), Mve
α (G), and Mev

α (G) for particular values of α and β is performed, which reveals their predicting power. +ese results
allow researchers to better understand the physicochemical properties and pharmacological characteristics of these conjugates.

1. Introduction

In this period of exponential technological development,
pharmaceutical and chemical technologies have grown
rapidly. A large number of new drugs, nanomaterials, and
crystalline materials are therefore being produced each year.
A substantial amount of work is required to establish the
pharmacological, chemical, and biological characteristics of
drugs with an increase in the development of medicines. A
large number of chemical experiments are needed to de-
termine the pharmacological, chemical, and biological
properties of these new compounds and drugs, which sig-
nificantly increases the workload of pharmaceutical and
chemical researchers. +ese properties of the drugs may be

predicted without using any weight lab by analyzing the
molecular structure of the relevant drug using a well-known
tool of chemical graph theory known as topological index.

Topological indices are simply defined as numerical
values associated with chemical constitution, which is used
for correlation of chemical structure with numerous char-
acteristics such as chemical reactivity, pharmacological ac-
tivity, and physical properties. Topological indices have been
used to explain and improve the statistical features of drugs.
Topological indices play a vital role in quantitative structure-
property relationship (QSAR) and the quantitative struc-
ture-activity relationship (QSPR) in predicting different
physicochemical properties and bioactivity that contribute
in the discovery of drugs [1, 2].
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In order to calculate topological indices, the structure of
the drugs is represented as a graph known as molecular
graphs, where each vertex indicates an atom and each edge
represents a chemical bond between the atoms. Let G �

(V, E) be a molecular graph with vertex set V(G) and edge
set E(G). We denote the number of vertices and edges in a
graph G by |V(G)| and |E(G)|, respectively. +e degree of
vertex u ∈ V(G) is denoted by deg(u) or d(u) and is the
number of vertices that are adjacent to u. +e edge con-
necting the vertices u and v is denoted by e � uv, where
e ∈ E(G). +e set of all vertices which is adjacent to u is
called the open neighborhood of u and denoted by N(u). If
we add the vertex u to N(u), then we get the closed
neighborhood of u, N[u].

+e concept of the topological index was introduced
by Wiener [3] while working on the boiling points of
alkanes. Topological indices are categorized in a variety of
groups, such as degree-based, distance-based, and
counting-based [4]. Among them, topological indexes
based on degrees play a significant role in theoretical
chemistry and pharmacology. +e most widely used to-
pological indices in chemical and mathematical literature
are the Randić index, Zagreb index, harmonic index, and
Wiener index [4–12].

Degree-based topological indices have been studied
extensively to test the properties of compounds and drugs
as it is useful to make up the medicinal and chemical
experimental defects. We encourage reader to refer
[13–18] for more on topological indices of various drugs.
Degree-based topological indices are widely used de-
scriptors in QSAR/QSPR modeling due to their easy
understandability, applicability, ease of computation, and
their derivation without any experimental effort. QSPRs
were developed recently for a set of seventeen anticancer
drugs from amathaspiramide-E to tambjamine-K by using
a set of thirteen degree-based topological indices [19].
Recently, Sarkar et al. [20] developed a QSAR model to
predict the DNA-binding constant and growth-inhibiting
concentration of twenty-three anthracycline drugs by
using first Zagreb index, second Zagreb index, and several
others topological indices. For several other examples of
degree-based topological indices used in QSAR/QSPR
models, we refer [1, 21, 22].

In recent past, Chellali et al. [23] defined two novel
degree concepts, ev-degrees and ve-degrees, and explored
some basic mathematical properties of both novel graph
invariants with regard to graph regularity and irregularity.
+e ve-degree of the vertex u, denoted by degve(u) or dve(u),
equals the number of different edges that is incident to any
vertex from the closed neighborhood of u, N[u]. +e ev-
degree of the edge e, denoted by degev(e) or dev(e), equals
the number of vertices of the union of the closed neigh-
borhoods of u and v. Clearly, dev(e) � d(u) + d(v) − ne,

where ne is the number of triangles in which the edge e lies
in.

It was recommended that the chemical applicability of
the total ve-degree (v∈V(G)dve(v)) and the total ev-degree
(e∈E(G)dev(e)) could be an interesting problem in view of
chemistry and chemical graph theory. In the light of this

suggestion, Ediz [24] introduced the ev-degree Zagreb index
of the graph G Mev(G) � e∈E(G)dev(e)2, the first ve-degree
Zagreb alpha index of the graph G

Mαve
1 (G) � v∈V(G)dve(v)2, the first ve-degree Zagreb beta

index of the graph G M
βve
1 (G) � uv∈E(G)(dve(u) + dve(v)),

the second ve-degree Zagreb index of the graph G

Mve
2 (G) � uv∈E(G)dve(u)dve(v), and the ve-degree Randic

index of the graph G Rve(G) � uv∈E(G)(dve(u)dve(v))− (1/2)

and compared these newly defined indices with the other
well-known, most widely used topological indices by
modeling some physicochemical properties of octane iso-
mers. It has been shown that the ev-degree Zagreb index, the
ve-degree Zagreb index, and the ve-degree Randić indices
have a better correlation than the Wiener, Zagreb, and
Randić indices for predicting certain basic physicochemical
properties of octanes. Later, Ediz defined the ev-degree
Randić index as Rev(G) � e∈E(G)dev(e)− (1/2) and show that
it gives a better correlation than the Randić index to predict
the entropy, acentric factor, and standard enthalpy of
vaporization of octanes [25]. Sahin and Ediz [26] have
shown that ev-degree and ve-degree Narumi–Katayama
indices can be used as potential tools for QSPR analysis. Ediz
[27] defined ve-degree atom-bond connectivity, ve-degree
geometric-arithmetic, ve-degree harmonic, and ve-degree
sum-connectivity indices as parallel to their corresponding
classical degree versions as

ABC
ve

(G) � 
uv∈E(G)

����������������
dve(u) + dve(v) − 2

dve(u)dve(v)



,

GAve
(G) � 

uv∈E(G)

2
�����������
dve(u)dve(v)



dve(u) + dve(v)
,

H
ve

(G) � 
uv∈E(G)

2
dve(u) + dve(v)

,

χve(G) � 
uv∈E(G)

dve(u) + dve(v)( 
− 1/2

.

(1)

It is shown that the ve-degree sum-connectivity index
gives a better correlation than Wiener, Zagreb, and Randić
indices to predict the acentric factor of octanes. Horoldagva
et al. [28] have explored some mathematical aspects of ve-
degree and ev-degree of a graph and have shown that there
exists a highly ve-irregular graph of order n for every positive
integer n (≠3, 5).

Kulli [29] defined first and second hyper ve-degree as
follows:

HMve
1 (G) � 

uv∈E(G)

dve(u) + dve(v)( 
2
,

HMve
2 (G) � 

uv∈E(G)

dve(u)d(ve](v) 
2
.

(2)

Later, Kulli also introduced F-ve-degree, F1-ve-degree
indices, and arithmetic-geometric ve-degree indices
[30–32] as
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F
ve

(G) � 
uv∈E(G)

dve(u)
2

+ dve(v)
2

 ,

F
ve
1 (G) � 

u∈V(G)

dve(u)
3
,

AGve
(G) � 

uv∈E(G)

dve(u) + dve(v)

2
�����������
dve(u)dve(v)

 .

(3)

Very recently, Kulli [33] defined following ev-degree
topological indices.

+e modified ev-degree Zagreb index is

mMev
(G) � 

e∈E(G)

1
dev(e)

2. (4)

+e ev-degree inverse index is

IDev
(G) �� 

e∈E(G)

1
dev(e)

. (5)

+e F-ev-degree index is

F
ev

(G) � 
e∈E(G)

dev(e)
3
. (6)

+e reciprocal ev-degree Randic index is

RRev
(G) � 

e∈E(G)

dev(e)
1/2

. (7)

+e following ve-degree topological indices are defined
parallel to their corresponding classical degree versions
[34–37] as follows:

Redefined third ve-degree Zagreb index is

ReZGve
3 (G) � 

uv∈E(G)

dve(u)dve(v) dve(u) + dve(v)( . (8)

Ve-degree inverse sum indeg index is

ISIve(G) � 
uv∈E(G)

dve(u)dve(v)

dve(u) + dve(v)
. (9)

Inverse ve-degree index is

IDve
(G) � 

u∈V(G)

1
dve(u)

. (10)

Zeroth order ve-degree index is

ZDve
(G) � 

u∈V(G)

1
������
dve(u)

 . (11)

Modified first ve-degree index is

mMve
1 (G) � 

u∈V(G)

1
dve(u)

2. (12)

Various ve-degree and ev-degree topological indices for
some silicate oxygen networks such as the dominating oxide
network (DOX), regular triangulene oxide network (RTOX),
and dominating silicate network (DSL) are considered in

literature [27, 29–32]. Cancan investigated the Tickysim
spiking neural network via ev-degree and ve-degree topo-
logical properties calculations giving information about the
underlying topology of the Tickysim spiking neural network
[38]. +e ev-degree and ve-degree topological indices for
Sierpinski gasket fractal are evaluated by Yamaç and Cancan
[39]. Cancan et al. studied ve-degree Zagreb and Randić
indices, ve-degree atom-bond connectivity, sum-connec-
tivity, geometric-arithmetic, and harmonic topological
properties of copper oxide [40, 41]. Very recently, Chen et al.
[42] investigatedmany topological properties of Cuprite. Cai
et al. [43] computed various ve-degree and ev-degree to-
pological indices for silicon carbide Si2C3-II [p, q].

Recently, ev-degree- and ve-degree-based properties
have been investigated for many anticancer drugs. Various
ev-degree and ve-degree topological indices for the Dox-
loaded micelle comprising PEGPAsp block copolymer
bioconjugate molecular structure have been investigated to
predict some of its physicochemical properties by Rauf et al.
[44]. A number of ve-degree and ev-degree topological
indices for some newly defined thioTEPA-based anticancer
drugs and alkylating agents based on the dual-target anti-
cancer drug candidates have been investigated by Ediz et al.
[45, 46].

Paclitaxel, a tricyclic diterpenoid compound having
molecular formula C47H51NO14, is isolated from the bark of
Taxus brevifolia. Its unique antiproliferative mechanism
makes it an efficient anticancer drug [47]. It is an important
medication that is prescribed in various forms of cancer in
spite of its limitations, such as low solubility and relevant
adverse effects. Curcumin, another natural compound of
pharmaceutical importance is obtained from Curcuma
longa, has been found to possess a wide range of pharma-
cological effects such as anti-inflammatory, antioxidant,
antiproliferative, chemosensitizing, and cell cycle arrest [48].
In particular, it is recognized as a chemopreventive agent
and used against cancer prevention and therapy [49]. Un-
fortunately, the poor bioavailability of curcumin in bio-
logical systems due to its low aqueous-solubility may
jeopardize its usage in clinical practice [50].

However, water solubility and subsequent bioavailability
of several compounds of therapeutic interests can be im-
proved upon combining with carriers such as liposomes,
polymeric micelles, nanospheres, emulsions, and polymers
[51–53]. Natural polymers with an intrinsic cell-specific
binding capability have a tremendous potential as a target-
oriented drug carrier. For example, hyaluronic acid (HA), a
polymer of naturally formed glycosaminoglycan polysac-
charides consisting of β-1,4-D-glucuronic acid and β-1,3-N-
acetylglucosamine units, has an appreciable affinity with
cell-specific surface markers such as a cluster of differen-
tiation 44 (CD44) and receptor for HA-mediated motility
(RHAMM) [54]. HA and its derivatives are widely used as
targeted drug delivery tools for a broad range of medicinal
compounds [55]. Presence of three functional groups of
carboxyl, amino, and acetyl amino groups on the main chain
of hyaluronic acid offers valuable sites for chemical modi-
fication. +erefore, different antitumor drugs can be cova-
lently bonded to HA, forming HA-drug conjugates.
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Galer et al. synthesized the HA-paclitaxel conjugate
(HA-PTX), in order to reduce the toxicity of taxanes and
improve the antitumor activity. It has been reported that
curcumin conjugation with HA increases the solubility in
water as well as the stability of curcumin at physiological pH.
In addition, curcumin conjugates with HA are considered to
be a promising medicinal strategy for prolonging the release
of curcumin at the target site, optimizing tissue distribution,
and enhancing therapeutic outcomes [56]. Along with this, it
has received considerable attention for not only increasing
bioavailability but also for targeting tumor cells and tumor
metastases for the treatment of various types of cancers
[57, 58].

Recently, Buragohain et al. [59] proposed the general
inverse sum indeg index, denoted by ISI(α,β)(G) and defined
as

ISI(α, β)(G) � 
uv∈E(G)

[d(u)d(v)]
α

[d(u) + d(v)]
β
. (13)

Owing to enormous pharmaceutical interests of HA-
curcumin conjugates, very recently, Ali et al. [60] investi-
gated many degrees based topological indices and polyno-
mial of HA-curcumin conjugates using the general inverse
sum indeg index ISI(α,β).

Since the ve-degree index has been shown to have greater
predictive ability, the current research on HA conjugates is
being extended and seeks to investigate ve-degree and ev-
degree-based topological indices of the molecular structure
of HA-curcumin conjugate and HA-paclitaxel conjugate as
shown in Figures 1 and 2. +is motivates us to define the
general ve-inverse sum indeg index ISIve(α,β)(G) as

ISIve(α,β)(G) � 
uv∈E(G)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β
,

(14)

where α and β are some real numbers.
Table 1 enlists some of the ve-degree-based indices of

graph G that can be obtained from the generalized
ISIve(α,β)(G) index by only giving specific values to the pa-
rameters α and β.

Next, we define the general ve-Zagreb index as

M
ve
α (G) � 

u∈V(G)

dve(u) 
α
, (15)

where α is some real number. In Table 2, some of the ve-
degree-based indices of graph G that can be obtained from
the general ve-Zagreb index Mve

α (G) by assigning particular
values of the parameters are summarized.

Recently, Kulli [33] introduced the general ev-degree
index of graph G defined as

M
ev
α (G) � 

e∈E(G)

dev(e) 
α
, (16)

where α is some real number. Table 3 summarizes ve-degree-
based indices of graphG that can be derived from the general
ev-degree index of graph G by giving certain values to
parameters α.

2. Methodology and Main Results

In order to obtain the results, we apply combinatorial
computation, edge partitioning, vertex partitioning, and
analytical techniques. In addition, we make use of Chem-
Sketch for plotting the molecular graphs.

+e following notation will be used in the discussion
hereafter.

Ei,j � uv ∈ E Gn( |dve(u) � i, dve(v) � j ,

Vi � u ∈ V Gn( |dve(u) � i ,

Ei � e � uv ∈ E Gn( |dev(e) � i , where Gn � HACorHAP.

(17)

2.1. Hyaluronic Acid-Curcumin Conjugate. Let Gn � HAC
denote the molecular graph of hyaluronic acid-curcumin
conjugates with the linear iteration n units. +e corre-
sponding molecular graphs of hyaluronic acid-curcumin
conjugates for n � 1 and 3 are shown in Figure 3.
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Figure 1: +e molecular structure of hyaluronic acid-curcumin
conjugates.
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Figure 2: +e molecular structure of hyaluronic acid-paclitaxel
conjugates.
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From the molecular structure of HAC, it is easy to
conclude that |V(HAC)| � 52n + 1 and |E(HAC)| � 56n.

Let us start our discussion with the partitioning of edge
set E(HAC) on the basic of ve-degree of vertices. By mo-
lecular graph structure analysis and observation, we note
that the edge set of HAC can be divided into seventeen edge
groups based on ve-degree of its end vertices as summarized
in Table 4.

Now, we proceed to establish the expression for the
general ve-inverse sum indeg index in the following
theorem.

Theorem 1. 6e general ve-inverse sum indeg index ISIve(α,β)

of HA-curcumin conjugate is given by

ISIve(α,β)(HAC) � (3n + 1)[8]
α
[6]

β
+ 2n[12]

α
[7]

β
+ 2n[15]

α
[8]

β
+ 2n[18]

α
[9]

β

+ 3n[21]
α
[10]

β
+(6n + 1)[25]

α
[10]

β
+ 1.[32]

α
[12]

β
+(9n − 2)[42]

α
[13]

β
+(5n − 2)[48]

α
[14]

β

+ 3n[28]
α
[11]

β
+(n + 2)[35]

α
[12]

β
+ n[24]

α
[10]

β
+ 3n[36]

α
[12]

β
+ 7n[30]

α
[11]

β
+(2n − 1)[64]

α
[16]

β

+ 3n[56]
α
[15]

β
+ 4n[49]

α
[14]

β
.

(18)

Proof. Clearly, from Table 4, we have

Table 1: Various ve-degree topological indices derived from the general ve-inverse sum indeg index.

Topological index Corresponding ISIve(α,β)(G)

First ve-degree Zagreb beta index, M
βve
1 (G) � uv∈E(G)(dve(u) + dve(v)) ISIve

(0,1)(G)

Second ve-degree Zagreb index, Mve
2 (G) � uv∈E(G)dve(u)dve(v) ISIve

(1,0)(G)

Ve-degree Randić index, Rve(G) � uv∈E(G)(dve(u)dve(v))− 1/2 ISIve
(− (1/2),0)(G)

Ve-degree sum-connectivity index, χve(G) � uv∈E(G)(dve(u) + dve(v))− 1/2 ISIve
(0,− (1/2))(G)

Ve-degree harmonic index, Hve(G) � uv∈E(G)(2/(dve(u) + dve(v))) 2ISIve
(0,− 1)(G)

First hyper ve-degree index, HMve
1 (G) � uv∈E(G)(dve(u) + dve(v))2 ISIve

(0,2)((G)

Second hyper ve-degree index, HMve
2 (G) � uv∈E(G)(dve(u)dve(v))2 ISIve

(2,0)(G)

Redefined third ve-degree Zagreb index, ReZGve
3 (G) � uv∈E(G)dve(u)dve(v)(dve(u) + dve(v)) ISIve

(1,1)(G)

Ve-degree geometric-arithmetic index, GAve(G) � uv∈E(G)(2
�����������
dve(u)dve(v)


/(dve(u) + dve(v))) 2ISIve

((1/2),− 1)(G)

Ve-degree arithmetic-geometric index, AGve(G) � uv∈E(G)((dve(u) + dve(v))/2
�����������
dve(u)dve(v)


) (1/2)ISIve

(− (1/2),1)(G)

Ve-degree inverse sum indeg index, ISIve(G) � uv∈E(G)((dve(u)dve(v))/(dve(u) + dve(v))) ISIve
(1,− 1)(G)

Table 2: Various ve-degree topological indices derived from the general ve-Zagreb index.

Topological index Corresponding Mve
α (G)

Total ve-degree Tve(G) � u∈V(G)dve(u) Mve
1 (G)

First ve-degree Zagreb alpha index, Mαve
1 (G) � u∈V(G)dve(u)2 Mve

2 (G)

F1-ve-degree index, Fve
1 (G) � u∈V(G)dve(u)3 Mve

3 (G)

Inverse ve-degree index, IDve(G) � u∈V(G)1/(dve(u)) Mve
− 1(G)

Zeroth order ve-degree index, ZDve(G) � u∈V(G)1/
�������
(dve(u))


Mve

− (1/2)(G)

Modified first ve-degree index, mMve
1 (G) � u∈V(G)1/(dve(u)2) Mve

− 2(G)

Table 3: Various ev-degree topological indices derived from the
general ev-degree index.

Topological index Corresponding
Mev

α (G)

Total ev-degree Tev(G) � e∈E(G)dev(e) Mev
1 (G)

ev-degree Zagreb index,
Mev(G) � e∈E(G)dev(e)2

Mev
2 (G)

F-ev-degree index, Fev(G) � e∈E(G)dev(e)3 Mev
3 (G)

Modified ev-degree Zagreb index,
mMev(G) � e∈E(G)1/(dev(e)2)

Mev
− 2(G)

ev-degree inverse index,
IDev(G) � e∈E(G)1/(dev(e))

Mev
− 1(G)

ev-degree Randić index,
Rev(G) � e∈E(G)dev(e)− (1/2) Mev

− (1/2)(G)

Reciprocal ev-degree Randic index,
RRev(G) � e∈E(G)dev(e)1/2

Mev
(1/2)(G)
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E2,4(HAC)


 � 3n + 1,

E3,4(HAC)


 � 2n,

E3,5(HAC)


 � 2n,

E3,6(HAC)


 � 2n,

E3,7(HAC)


 � 3n,

E5,5(HAC)


 � 6n + 1,

E4,8(HAC)


 � 1,

E6,7(HAC)


 � 9n − 2,

E6,8(HAC)


 � 5n − 2,

E4,7(HAC)


 � 3n,

E5,7(HAC)


 � n + 2,

E4,6(HAC)


 � n,

E6,6(HAC)


 � 3n,

E5,6(HAC)


 � 7n,

E8,8(HAC)


 � 2n − 1,

E7,8(HAC)


 � 3n,

E7,7(HAC)


 � 4n.

(19)

(a)

(b)

Figure 3: Corresponding molecular graph of hyaluronic acid-curcumin conjugates HAC; n � 1, n � 3.

Table 4: +e ve-degree of the end vertices of edges of HAC.

Ve-degree of its end vertices (dve(u), dve(v)) Number of edges (frequency) Edge set Ei, j
(2, 4) 3n+ 1 E2,4
(3, 4) 2n E3,4
(3, 5) 2n E3,5
(3, 6) 2n E3,6
(3, 7) 3n E3,7
(5, 5) 6n+ 1 E5,5
(4, 8) 1 E4,8
(6, 7) 9n − 2 E6,7
(6, 8) 5n − 2 E6,8
(4, 7) 3n E4,7
(5, 7) n+ 2 E5,7
(4, 6) N E4,6
(6, 6) 3n E6,6
(5, 6) 7n E5,6
(8, 8) 2n − 1 E8,8
(7, 8) 3n E7,8
(7, 7) 4n E7,7
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Now, applying the definition of the general ve-ISI index,
ISIve(α,β), we have

ISIve(α,β)(G) � 
uv∈E(G)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

ISI(α,β)(HAC) � 
uv∈E2,4(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E3,4(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E3,5(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E3,6(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E3,7(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E5,5(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E4,8(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E6,7(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E6,8(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E4,7(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E5,7(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E4,6(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E6,6(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E5,6(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E8,8(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E7,8(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E7,7(HAC)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

� E2,4(HAC)


[(2)(4)]
α
[2 + 4]

β
+ E3,4(HAC)


[(3)(4)]

α
[3 + 4]

β

+ E3,5(HAC)


[(3)(5)]
α
[3 + 5]

β
+ E3,6(HAC)


[(3)(6)]

α
[3 + 6]

β

+ E3,7(HAC)


[(3)(7)]
α
[3 + 7]

β
+ E5,5(HAC)


[(5)(5)]

α
[5 + 5]

β
+ E4,8(HAC)


[(4)(8)]

α
[4 + 8]

β

+ E6,7(HAC)


[(6)(7)]
α
[6 + 7]

β
+ E6,8(HAC)


[(6)(8)]

α
[6 + 8]

β
+ E4,7(HAC)


[(4)(7)]

α
[4 + 7]

β

+ E5,7(HAC)


[(5)(7)]
α
[5 + 7]

β
+ E4,6(HAC)


[(4)(6)]

α
[4 + 6]

β
+ E6,6(HAC)


[(6)(6)]

α
[6 + 6]

β

+ E5,6(HAC)


[(5)(6)]
α
[5 + 6]

β
+ E8,8(HAC)


[(8)(8)]

α
[8 + 8]

β
+ E7,8(HAC)


[(7)(8)]

α
[7 + 8]

β

+ E7,7(HAC)


[(7)(7)]
α
[7 + 7]

β

� (3n + 1)[8]
α
[6]

β
+ 2n[12]

α
[7]

β
+ 2n[15]

α
[8]

β
+ 2n[18]

α
[9]

β

+ 3n[21]
α
[10]

β
+(6n + 1)[25]

α
[10]

β
+ 1.[32]

α
[12]

β
+(9n − 2)[42]

α
[13]

β

+(5n − 2)[48]
α
[14]

β
+ 3n[28]

α
[11]

β
+(n + 2)[35]

α
[12]

β
+ n[24]

α
[10]

β

+ 3n[36]
α
[12]

β
+ 7n[30]

α
[11]

β
+(2n − 1)[64]

α
[16]

β
+ 3n[56]

α
[15]

β
+ 4n[49]

α
[14]

β
.

(20)
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Hence, the theorem.
Next, we retrieve exact values of themost well-known ve-

degree-based indices of HA-curcumin conjugate. □

Corollary 1. Let HAC be the molecular graph of HA-cur-
cumin conjugate; then,

(i) M
βve
1 (HAC) � 644n − 18

(ii) Mve
2 (HAC) � 1898n − 109

(iii)

R
ve

(HAC) �
13

�
2

√

12
+
3

�
3

√

4
+

2
��
15

√ +
3
��
21

√ +
9
��
42

√ +
3

2
�
7

√ +
1
��
35

√ +
1

2
�
6

√ +
7
��
30

√ +
3

2
��
14

√ +
353
140

 n

+
3

2
�
2

√ +
1
5

−
2
��
42

√ −
2

4
�
3

√ +
2
��
35

√ −
1
8

 .

(21)

(iv)

χve(HAC) �
3
�
6

√ +
2
�
7

√ +
2
�
8

√ +
2
�
9

√ +
10
��
10

√ +
10
��
11

√ +
4
��
12

√ +
9
��
13

√ +
9
��
14

√ +
3
��
15

√ +
2
��
16

√ n

+
1
�
6

√ +
1
��
10

√ +
3
��
12

√ −
2
��
13

√ −
2
��
14

√ −
1
��
16

√ .

(22)

(v) Hve(HAC) � (1859647/180180)n − (3439/10920)

(vi) HMve
1 (HAC) � 7754n − 418

(vii) HMve
2 (HAC) � 74892n − 8069

(viii) ReZGve
3 (HAC) � 23782n − 1938

(ix)

GAve
(HAC) �

10
�
2

√

3
+
28

�
3

√

7
+
18

��
42

√

13
+

��
15

√

2
+
3

��
21

√

5
+
12

�
7

√

11
+

��
35

√

6
+
2

�
6

√

5
+
4

��
30

√

11
+
4

��
14

√

5
+ 15 n

+
4

�
2

√

3
−
4

��
42

√

13
−
8

�
3

√

7
+

��
35

√

3
.

(23)

(x)

AGve
(HAC) �

15
2

�
2

√ +
49
4

�
3

√ +
5

2
�
6

√ +
33
4

�
7

√ +
45

4
��
14

√ +
8
��
15

√ +
15
��
21

√ +
77
��
30

√ +
6
��
35

√ +
117
2

��
42

√ n +
3
�
2

√ −
7

2
�
3

√ +
12
��
35

√ −
13
��
42

√ .

(24)

(xi) ISIve(HAC) � (4712977/30030)n − (1361/273) Proof. From +eorem 1, we have

ISIve(α,β)(HAC) � (3n + 1)[8]
α
[6]

β
+ 2n[12]

α
[7]

β
+ 2n[15]

α
[8]

β
+ 2n[18]

α
[9]

β

+ 3n[21]
α
[10]

β
+(6n + 1)[25]

α
[10]

β
+ 1.[32]

α
[12]

β
+(9n − 2)[42]

α
[13]

β

+(5n − 2)[48]
α
[14]

β
+ 3n[28]

α
[11]

β
+(n + 2)[35]

α
[12]

β
+ n[24]

α
[10]

β

+ 3n[36]
α
[12]

β
+ 7n[30]

α
[11]

β
+(2n − 1)[64]

α
[16]

β
+ 3n[56]

α
[15]

β
+ 4n[49]

α
[14]

β
.

(25)
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(i) Put α � 0 and β � 1 in equation (25); then,
ISIve(0,1)(HAC) � M

βve
1 (HAC) � 644n − 18 is the

first ve-degree Zagreb beta index.

(ii) If α � 1 and β � 0, then ISIve(1,0)(HAC) �

Mve
2 (HAC) is the second ve-degree Zagreb index

and Mve
2 (G) � 1898n − 109

(iii) For α � − (1/2) and β � 0, equation (25) gives ve-
degree Randić index, i.e.,

ISIve(−(1/2),0)(HAC) �

R
ve

(HAC) �
13

�
2

√

12
+
3

�
3

√

4
+

2
��
15

√ +
3
��
21

√ +
9
��
42

√ +
3

2
�
7

√ +
1
��
35

√ +
1

2
�
6

√ +
7
��
30

√ +
3

2
��
14

√ +
353
140

 n

+
3

2
�
2

√ +
1
5

−
2
��
42

√ −
2

4
�
3

√ +
2
��
35

√ −
1
8

 .

(26)

(iv) If α � 0 and β � − (1/2), then ISIve(0,− (1/2))

(HAC) � χve(HAC), i.e., ve-degree sum-connec-
tivity index

χve(HAC) �
3
�
6

√ +
2
�
7

√ +
2
�
8

√ +
2
�
9

√ +
10
��
10

√ +
10
��
11

√ +
4
��
12

√ +
9
��
13

√ +
9
��
14

√ +
3
��
15

√ +
2
��
16

√ n

+
1
�
6

√ +
1
��
10

√ +
3
��
12

√ −
2
��
13

√ −
2
��
14

√ −
1
��
16

√ .

(27)

(v) Put α � 0 and β � − 1 in equation (25) and then
multiply this equation by 2; we get the ve-degree
harmonic index

ISIve(0,− 1)(HAC) � H
ve

(HAC) �
1859647
180180

n −
3439
10920

.

(28)

(vi) If α � 0 and β � 2, then we have the first hyper ve-
degree Zagreb index

ISIve(0,2)(HAC) � HMve
1 (HAC) � 7754n − 418. (29)

(vii) Substituting α � 2 and β � 0, we get the second
hyper ve-degree Zagreb index

ISIve(2,0)(HAC) � HMve
2 (HAC) � 74892n − 8069.

(30)

(viii) If α � 1 and β � 1, then we have redefined the third
ve-degree Zagreb index as

ISIve(1,1)(HAC) � ReZGve
3 (HAC) � 23782n − 1938.

(31)

(ix) If we take α � 1/2 and β � − 1 in equation (25) and
then multiply result by 2, this gives the ve-degree
geometric-arithmetic index GAve(HAC) as

GAve
(HAC) �

10
�
2

√

3
+
28

�
3

√

7
+
18

��
42

√

13
+

��
15

√

2
+
3

��
21

√

5
+
12

�
7

√

11
+

��
35

√

6
+
2

�
6

√

5
+
4

��
30

√

11
+
4

��
14

√

5
+ 15 n

+
4

�
2

√

3
−
4

��
42

√

13
−
8

�
3

√

7
+

��
35

√

3
.

(32)
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(x) By taking α � − (1/2) and β � 1 in equation (25)
and multiplying by 1/2, we get

AGve
(HAC) �

15
2

�
2

√ +
49
4

�
3

√ +
5

2
�
6

√ +
33
4

�
7

√ +
45

4
��
14

√ +
8
��
15

√ +
15
��
21

√ +
77
��
30

√ +
6
��
35

√ +
117
2

��
42

√ n +
3
�
2

√ −
7

2
�
3

√ +
12
��
35

√ −
13
��
42

√ .

(33)

(xi) If α � 1 and β � − 1, then we have the ve-degree
inverse sum indeg index

ISIve(HAC) �
4712977
30030

n −
1361
273

. (34)

Now, we partition the vertex set of HAC, i.e., V(HAC)
into seven vertex groups on the basis of ve-degree of vertex
as given in Table 5. □

Theorem 2. 6e general ve-Zagreb index Mve
α of HA-cur-

cumin conjugate is given by

M
ve
α (HAC) � (3n + 1)[2]

α
+ 9n[3]

α
+(4n + 1)[4]

α

+(10n + 2)[5]
α

+(13n − 2)[6]
α

+ 9n[7]
α

+(4n − 1)[8]
α
.

(35)

Proof. From Table 5, we have

V2(HAC)


 � 3n + 1,

V3(HAC)


 � 9n,

V4(HAC)


 � 4n + 1,

V5(HAC)


 � 10n + 2,

V6(HAC)


 � 13n − 2,

V7(HAC)


 � 9n,

V8(HAC)


 � 4n − 1.

(36)

By the definition of the general ve-Zagreb index Mve
α , we

have

M
ve
α (G) � 

u∈V(G)

dve(u) 
α
,

M
ve
α (HAC) � 

u∈V2(HAC)

dve(u) 
α

+ 
u∈V3(HAC)

dve(u) 
α

+ 
u∈V4(HAC)

dve(u) 
α

+ 
u∈V5(HAC)

dve(u) 
α

+ 
u∈V6(HAC)

dve(u) 
α

+ 
u∈V7(HAC)

dve(u) 
α

+ 
u∈V8(HAC)

dve(u) 
α
,

M
ve
α (HAC) � V2(HAC)


[2]

α
+ V3(HAC)


[3]

α
+ V4(HAC)


[4]

α
+ V5(HAC)


[5]

α
+ V6(HAC)


[6]

α
+ V7(HAC)


[7]

α

+ V8(HAC)


[8]
α
,

M
ve
α (HAC) � (3n + 1)[2]

α
+ 9n[3]

α
+(4n + 1)[4]

α
+(10n + 2)[5]

α
+(13n − 2)[6]

α
+ 9n[7]

α
+(4n − 1)[8]

α
.

(37)

Using +eorem 2, the following corollary can be ob-
tained with little efforts. □

Corollary 2. Let HAC be the molecular graph of HA-cur-
cumin conjugate; then,

(i) Tve(HAC) � 272n − 4

(ii) Mαve
1 (HAC) � 1572n − 66

(iii) Fve
1 (HAC) � 9716n − 622

(iv) IDve(HAC) � (481/42)n + (83/120)

(v) ZDve(HAC) � (2 + (3/
�
2

√
) + 3

�
3

√
+ (10/

�
5

√
) +

(13/
�
6

√
) + (9/

�
7

√
) +

�
2

√
)n + ((1/2) + (1/

�
2

√
) +

(2/
�
5

√
) − (2/

�
6

√
) − (1/

�
8

√
))

(vi) mMve
1 (HAC) � (106097/35280)n + (4627/14400)
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Proof. From +eorem 2, we have

M
ve
α (HAC) � (3n + 1)[2]

α
+ 9n[3]

α
+(4n + 1)[4]

α

+(10n + 2)[5]
α

+(13n − 2)[6]
α

+ 9n[7]
α

+(4n − 1)[8]
α
.

(38)

(i) Substituting α � 1 in equation (38) gives total ve-
degree Tve(HAC) � 272n − 4

(ii) If α � 2 is substituted in equation (38), then the first
ve-degree Zagreb alpha index is obtained as

M
ve
2 (HAC) � M

αve
1 (HAC) � 1572n − 66. (39)

(iii) Substituting α � 3 in equation (38) gives the F1-ve-
degree index, i.e.,

M
ve
3 (HAC) � F

ve
1 (HAC) � 9716n − 622. (40)

(iv) For α � − 1, equation (38) gives the inverse ve-de-
gree index, i.e.,

M
ve
− 1(HAC) � IDve

(HAC) �
481
42

n +
83
120

. (41)

(v) If α � − (1/2), then Mve
− (1/2)(HAC)represents the

zeroth order ve-degree index given by

ZDve
(HAC) � 2 +

3
�
2

√ + 3
�
3

√
+

10
�
5

√ +
13

�
6

√ +
9
�
7

√ +
�
2

√
 n

+
1
2

+
1
�
2

√ +
2
�
5

√ −
2
�
6

√ −
1
�
8

√ .

(42)

(vi) If we put α � − 2 in equation (38), we get the
modified first ve-degree index, i.e.,

M
ve
− 2(HAC) � mMve

1 (HAC) �
106097
35280

n +
4627
14400

. (43)

In Table 6, we partition the edge set of HAC into four
edge groups on the basis of ev-degree of the edges. □

Theorem 3. 6e general ev-degree index Mev
α of HA-

curcumin conjugate is given by

M
ev
α (HAC) � (3n + 1)[3]

α
+(13n + 1)[4]

α
+(29n − 1)[5]

α

+(11n − 1)[6]
α
.

(44)

Proof. Clearly,

E3(HAC)


 � 3n + 1,

E4(HAC)


 � 13n + 1,

E5(HAC)


 � 29n − 1,

E6(HAC)


 � 11n − 1.

(45)

Applying the definition of ev-degree index Mev
α , we have

M
ev
α (G) � 

e∈E(G)

dev(e) 
α
,

M
ev
α (HAC) � 

e∈E3(HAC)

dev(e) 
α

+ 
e∈E4(HAC)

dev(e) 
α

+ 
e∈E5(HAC)

dev(e) 
α

+ 
e∈E6(HAC)

dev(e) 
α

M
ev
α (HAC) � E3(HAC)


[3]

α
+ E4(HAC)


[4]

α
+ E5(HAC)


[5]

α
+ E6(HAC)


[6]

α

M
ev
α (HAC) � (3n + 1)[3]

α
+(13n + 1)[4]

α
+(29n − 1)[5]

α
+(11n − 1)[6]

α
.

(46)

Next, corollary is immediate from +eorem 3. □

Corollary 3. Let HAC be the molecular graph of HA-cur-
cumin conjugate; then,

(i) Tev(HAC) � 272n − 4

(ii) Mev(HAC) � 1356n − 36
(iii) Fev(HAC) � 6914n − 250
(iv) mMev(HAC) �� (9401/3600)n + (127/1200)

(v) IDev(HAC) � (713/60)n + (13/60)

(vi) Rev(HAC) � ((13/2) +
�
3

√
+ (29/

�
5

√
) +

(11/
�
6

√
))n + ((1/2) + (1/

�
3

√
) − (1/

�
5

√
) − (1/6))

(vii) RRev(HAC) � (3
�
3

√
+ 29

�
5

√
+ 11

�
6

√
+ 26)n +

(
�
3

√
−

�
5

√
−

�
6

√
+ 2)

Proof. Substituting α � 1, 2, 3, − 2, − 1, − (1/2), (1/2) in
equation (44), we get desired results. □

2.2. Hyaluronic Acid-Paclitaxel Conjugates. Let Gn � HAP
denote the molecular graph of hyaluronic acid-paclitaxel

Table 5: +e ve-degree of the vertices of HAC.

Ve-degree dve(u) Number of vertices (frequency) Vertex set Vi

2 3n+ 1 V2
3 9n V3
4 4n+ 1 V4
5 10n+ 2 V5
6 13n − 2 V6
7 9n V7
8 4n − 1 V8
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conjugates with the linear iteration n units. +e corre-
sponding molecular graphs of hyaluronic acid-paclitaxel
conjugates for n � 1 and 3 are illustrated in Figure 4. From
the molecular structure of HAP, we have |V(HAP)| � 87n +

1 and |E(HAP)| � 96n.
As earlier, the edge set of HAP can be divided into

twenty-nine edge groups based on ve-degree of its end
vertices as summarized in Table 7.

Now, we establish the expression for the general ve-
inverse sum indeg index for HA-paclitaxel conjugate in the
following theorem.

Theorem 4. 6e general ve-inverse sum indeg index ISIve(α,β)

of HA-paclitaxel conjugate is given by

ISIve(α,β)(HAP) � (n + 1)[8]
α
[6]

β
+ 6n[12]

α
[7]

β
+ 4n[18]

α
[9]

β
+ 5n[21]

α
[10]

β
+ n[24]

α
[11]

β

+ 6n[16]
α
[8]

β
+ 6n[20]

α
[9]

β
+ 2n[24]

α
[10]

β
+ 2n[28]

α
[11]

β

+[32]
α
[12]

β
+ 2n[36]

α
[13]

β
+ 2n[40]

α
[14]

β
+[25]

α
[10]

β
+ n[30]

α
[11]

β

+(6n + 2)[35]
α
[12]

β
+ n[40]

α
[13]

β
+ 4n[36]

α
[12]

β
+ (9n − 2)[42]

α
[13]

β

+(10n − 2)[48]
α
[14]

β
+ n[54]

α
[15]

β
+ n[60]

α
[16]

β
+ 5n[49]

α
[14]

β
+ 4n[56]

α
[15]

β

+ 4n[70]
α
[17]

β
+(4n − 1)[64]

α
[16]

β
+ 3n[80]

α
[18]

β
+ 3n[90]

α
[19]

β
+ n[99]

α20β

+ 2n[110]
α
[21]

β
.

(47)

Proof. Clearly, from Table 4, we have

E2,4(HAP)


 � n + 1,

E3,4(HAP)


 � 6n,

E3,6(HAP)


 � 4n,

E3,7(HAP)


 � 5n,

E3,8(HAP)


 � n,

E4,4(HAP)


 � 6n,

E4,5(HAP)


 � 6n,

E4,6(HAP)


 � 2n,

E4,7(HAP)


 � 2n,

E4,8(HAP)


 � 1,

E4,9(HAP)


 � 2n,

E4,10(HAP)


 � 2n,

E5,5(HAP)


 � 1,

E5,6(HAP)


 � n,

E5,7(HAP)


 � 6n + 2,

E5,8(HAP)


 � n,

E6,6(HAP)


 � 4n,

E6,7(HAP)


 � 9n − 2,

E6,8(HAP)


 � 10n − 2,

E6,9(HAP)


 � n,

E6,10(HAP)


 � n,

E7,7(HAP)


 � 5n,

E7,8(HAP)


 � 4n,

E7,10(HAP)


 � 4n,

E8,8(HAP)


 � 4n − 1,

E8,10(HAP)


 � 3n,

E9,10(HAP)


 � 3n,

E9,11(HAP)


 � n,

E10,11(HAP)


 � 2n. (48)

Now, applying the definition of the general ve-ISI index,
ISIve(α,β), we have

Table 6: +e ev-degree of the edges of HAC.

Degree of its end
vertices (d(u), d(v))

Number of edges
(frequency) Ev-degrees

(1, 2) 3n+ 1 3
(1, 3) (2, 2) 13n+ 1 4
(2, 3) 29n − 1 5
(3, 3) 11n − 1 6
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(a)

(b)

Figure 4: Corresponding molecular graph of hyaluronic acid-paclitaxel conjugates HAP; n � 1, n � 3.

Table 7: +e ve-degree of the end vertices of edges of HAP.

Ve-degree of its end vertices (dve(u), dve(v)) Number of edges (frequency) Edge set Ei, j
(2, 4) n+ 1 E2,4
(3 ,4) 6n E3,4
(3, 6) 4n E3,6
(3, 7) 5n E3,7
(3, 8) N E3,8
(4, 4) 6n E4,4
(4, 5) 6n E4,5
(4, 6) 2n E4,6
(4, 7) 2n E4,7
(4, 8) 1 E4,8
(4, 9) 2n E4,9
(4, 10) 2n E4,10
(5, 5) 1 E5,5
(5, 6) N E5,6
(5, 7) 6n+ 2 E5,7
(5, 8) N E5,8
(6, 6) 4n E6,6
(6, 7) 9n − 2 E6,7
(6, 8) 10n − 2 E6,8
(6, 9) N E6,9
(6, 10) N E6,10
(7, 7) 5n E7,7
(7, 8) 4n E7,8
(7, 10) 4n E7,10
(8, 8) 4n − 1 E8,8
(8, 10) 3n E8,10
(9, 10) 3n E9,10
(9, 11) N E9,11
(10, 11) 2n E10,11
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ISIve(α,β)(G) � 
uv∈E(G)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β
,

ISI(α,β)(HAP) � 
uv∈E2,4(HAP)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ 
uv∈E3,4(HAP)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

+ . . .

+ 
uv∈E3,4(HAP)

dve(u)dve(v) 
α

dve(u) + dve(v) 
β

� E2,4(HAP)


[(2)(4)]
α
[2 + 4]

β
+ E3,4(HAP)


[(3)(4)]

α
[3 + 4]

β
+ E3,6(HAP)


[(3)(6)]

α
[3 + 6]

β

+ E3,7(HAP)


[(3)(7)]
α
[3 + 7]

β
+ E3,8(HAP)


[(3)(8)]

α
[3 + 8]

β
+ E4,4(HAP)


[(4)(4)]

α
[4 + 4]

β

+ E4,5(HAP)


[(4)(5)]
α
[4 + 5]

β
+ E4,6(HAP)


[(4)(6)]

α
[4 + 6]

β
+ E4,7(HAP)


[(4)(7)]

α
[4 + 7]

β

+ E4,8(HAP)


[(4)(8)]
α
[4 + 8]

β
+ E4,9(HAP)


[(4)(9)]

α
[4 + 9]

β
+ E4,10(HAP)


[(4)(10)]

α
[4 + 10]

β

+ E5,5(HAP)


[(5)(5)]
α
[5 + 5]

β
+ E5,6(HAP)


[(5)(6)]

α
[5 + 6]

β
+ E5,7(HAP)


[(5)(7)]

α
[5 + 7]

β

+ E5,8(HAP)


[(5)(8)]
α
[5 + 8]

β
+ E6,6(HAP)


[(6)(6)]

α
[6 + 6]

β
+ E6,7(HAP)


[(6)(7)]

α
[6 + 7]

β

+ E6,8(HAP)


[(6)(8)]
α
[6 + 8]

β
+ E6,9(HAP)


[(6)(9)]

α
[6 + 9]

β
+ E6,10(HAP)


[(6)(10)]

α
[6 + 10]

β

+ E7,7(HAP)


[(7)(7)]
α
[7 + 7]

β
+ E7,8(HAP)


[(7)(8)]

α
[7 + 8]

β
+ E7,10(HAP)


[(7)(10)]

α
[7 + 10]

β

+ E8,8(HAP)


[(8)(8)]
α
[8 + 8]

β
+ E8,10(HAP)


[(8)(10)]

α
[8 + 10]

β
+ E9,10(HAP)


[(9)(10)]

α
[9 + 10]

β

+ E9,11(HAP)


[(9)(11)]
α
[9 + 11]

β
+ E10,11(HAP)


[(10)(11)]

α
[10 + 11]

β
,

� (n + 1)[8]
α
[6]

β
+ 6n[12]

α
[7]

β
+ 4n[18]

α
[9]

β
+ 5n[21]

α
[10]

β
+ n[24]

α
[11]

β
+ 6n[16]

α
[8]

β

+ 6n[20]
α
[9]

β
+ 2n[24]

α
[10]

β
+ 2n[28]

α
[11]

β
+[32]

α
[12]

β
+ 2n[36]

α
[13]

β
+ 2n[40]

α
[14]

β

+[25]
α
[10]

β
+ n[30]

α
[11]

β
+(6n + 2)[35]

α
[12]

β
+ n[40]

α
[13]

β
+ 4n[36]

α
[12]

β
+(9n − 2)[42]

α
[13]

β

+(10n − 2)[48]
α
[14]

β
+ n[54]

α
[15]

β
+ n[60]

α
[16]

β
+ 5n[49]

α
[14]

β
+ 4n[56]

α
[15]

β
+ 4n[70]

α
[17]

β

+(4n − 1)[64]
α
[16]

β
+ 3n[80]

α
[18]

β
+ 3n[90]

α
[19]

β
+ n[99]

α20β + 2n[110]
α
[21]

β
.

(49)

Hence, the theorem.
Next, we give exact values of the most well-known ve-

degree-based indices of HA-paclitaxel conjugate. □

Corollary 4. Let HAP be the molecular graph of HA-pac-
litaxel conjugate; then,

(i) M
βve
1 (HAP) � 1210n − 18

(ii) Mve
2 (HAP) � 3983n − 109

(iii)

R
ve

(HAP) �
11
6

�
2

√ +
11
2

�
3

√ +
15
4

�
5

√ +
11
6

�
6

√ +
1
�
7

√ +
5
��
10

√ +
1

3
��
11

√ +
2
��
14

√ +
1

2
��
15

√ +
5
��
21

√ +
1
��
30

√ +
6
��
35

√ +
9
��
42

√ +
4
��
70

√ +
2
���
110

√ +
26
7

 n

+
3

4
�
2

√ −
2

4
�
3

√ +
2
��
35

√ −
2
��
42

√ +
3
40

 .

(50)

(iv)

χve(HAP) �
4
�
2

√ +
10
2

�
3

√ +
3

2
�
5

√ +
1
�
6

√ +
6
�
7

√ +
7
��
10

√ +
4
��
11

√ +
12
��
13

√ +
17
��
14

√ +
5
��
15

√ +
4
��
17

√ +
3
��
19

√ +
2
��
21

√ +
55
12

 n

+
3

2
�
2

√ +
1
�
6

√ +
1
��
10

√ −
2
��
13

√ −
2
��
14

√ −
1
4

 .

(51)
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(v)

H
ve

(HAP) �
1925236355n + 36656301

232792560
. (52)

(vi) HMve
1 (HAP) � 16406n − 418

(vii) HMve
2 (HAP) � 215953n − 8069

(viii) ReZGve
3 (HAP) � 57712n − 1938

(ix)

GAve
(HAP) �

��
35

√
+

��
21

√
+ 5

2
+
5

�
2

√
+ 6

�
5

√

3
+
7

�
6

√

5
+
32

�
3

√
+ 2

��
10

√

7
+

��
15

√

8
+
2

�
6

√
+ 4

�
7

√
+

��
30

√

11
+
2

��
10

√
+ 9

��
42

√
+ 12

13


+
4

��
70

√

17
+
3

��
10

√

19
+
3

��
11

√

20
+
2

���
110

√

21
+ 7n +

2
�
2

√

3
+

��
35

√

6
−
2

��
42

√

13
−
4

�
3

√

7
.

(53)

(x)

AGve
(HAP) �

15
�
2

√ +
56

�
3

√ +
81
2

�
5

√ +
41
2

�
6

√ +
11

�
7

√ +
79

2
��
10

√ +
20

3
��
11

√ +
30
��
14

√ +
8
��
15

√ +
50
��
21

√ +
11
��
30

√ +
72
��
35

√ +
117

��
42

√ +
68
��
70

√ +
42
���
110

√ +
127
3

 n

+
6
�
2

√ +
7
�
3

√ +
24
��
35

√ −
26
��
42

√ .

(54)

(xi)

ISIve(HAP) � ISIve(HAP) � 74n +
385639676n − 1737740

1763580
− 4.

(55)

Proof. From +eorem 4, we have

ISIve(α,β)(HAP) � (n + 1)[8]
α
[6]

β
+ 6n[12]

α
[7]

β
+ 4n[18]

α
[9]

β
+ 5n[21]

α
[10]

β
+ n[24]

α
[11]

β

+ 6n[16]
α
[8]

β
+ 6n[20]

α
[9]

β
+ 2n[24]

α
[10]

β
+ 2n[28]

α
[11]

β
+[32]

α
[12]

β
+ 2n[36]

α
[13]

β

+ 2n[40]
α
[14]

β
+[25]

α
[10]

β
+ n[30]

α
[11]

β
+(6n + 2)[35]

α
[12]

β
+ n[40]

α
[13]

β
+ 4n[36]

α
[12]

β

+(9n − 2)[42]
α
[13]

β
+(10n − 2)[48]

α
[14]

β
+ n[54]

α
[15]

β
+ n[60]

α
[16]

β
+ 5n[49]

α
[14]

β

+ 4n[56]
α
[15]

β
+ 4n[70]

α
[17]

β
+(4n − 1)[64]

α
[16]

β
+ 3n[80]

α
[18]

β
+ 3n[90]

α
[19]

β
+ n[99]

α
[20]

β

+ 2n[110]
α
[21]

β
.

(56)

(i) Substitute α � 0 and β � 1 in equation (56); then,
the first ve-degree Zagreb beta index is

ISIve(0,1)(HAP) � M
βve
1 (HAP) � 1210n − 18. (57)

(ii) If α � 1 and β � 0 are chosen, then ISIve(1,0)(HAP) �

Mve
2 (HAP) is the second ve-degree Zagreb index

given by

M
βve
2 (G) � 3983n − 109. (58)
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(iii) For α � − (1/2) and β � 0, equation (56) gives the
ve-degree Randić index, i.e.,

ISIve(−(1/2),0)(HAP) � R
ve

(HAP) �
11
6

�
2

√ +
11
2

�
3

√ +
15
4

�
5

√ +
11
6

�
6

√ +
1
�
7

√ +
5
��
10

√ +
1

3
��
11

√ +
2
��
14

√ +
1

2
��
15

√ +
5
��
21

√ +
1
��
30

√

+
6
��
35

√ +
9
��
42

√ +
4
��
70

√ +
2
���
110

√ +
26
7

n +
3

4
�
2

√ −
2

4
�
3

√ +
2
��
35

√ −
2
��
42

√ +
3
40

 .

(59)

(iv) If α � 0 and β � − (1/2) are chosen, then
ISIve(0,− (1/2))(HAP) � χve(HAP), and we obtain the
ve-degree sum-connectivity index as

χve(HAP) �
4
�
2

√ +
10
2

�
3

√ +
3

2
�
5

√ +
1
�
6

√ +
6
�
7

√ +
7
��
10

√ +
4
��
11

√ +
12
��
13

√ +
17
��
14

√ +
5
��
15

√ +
4
��
17

√ +
3
��
19

√ +
2
��
21

√ +
55
12

 n

+
3

2
�
2

√ +
1
�
6

√ +
1
��
10

√ −
2
��
13

√ −
2
��
14

√ −
1
4

 .

(60)

(v) Substitute α � 0 and β � − 1 in equation (56) and
then multiply this equation by 2; we get the ve-
degree harmonic index as

ISIve(0,− 1)(HAP) � H
ve

(HAP) �
1925236355n + 36656301

232792560
.

(61)

(vi) If α � 0 and β � 2, then the first hyper ve-degree
Zagreb index

ISIve(0,2)(HAP) � HMve
1 (HAP) � 16406n − 418. (62)

(vii) Substituting α � 2 and β � 0, we get

ISIve(2,0)(HAP) � HMve
2 (HAP) � 215953n − 8069.

(63)

(viii) If α � 1 and β � 1, then we have the redefined third
ve-degree Zagreb index,

ISIve(1,1)(HAP) � ReZGve
3 (HAP) � 57712n − 1938.

(64)

(ix) If we take α � 1/2 and β � − 1 in equation (56) and
then multiply the result by 2, this gives the ve-
degree geometric-arithmetic index GAve(HAP) as

GAve
(HAP) �

��
35

√
+

��
21

√
+ 5

2
+
5

�
2

√
+ 6

�
5

√

3
+
7

�
6

√

5
+
32

�
3

√
+ 2

��
10

√

7
+

��
15

√

8
+
2

�
6

√
+ 4

�
7

√
+

��
30

√

11


+
2

��
10

√
+ 9

��
42

√
+ 12

13
+
4

��
70

√

17
+
3

��
10

√

19
+
3

��
11

√

20
+
2

���
110

√

21
+ 7n +

2
�
2

√

3
+

��
35

√

6
−
2

��
42

√

13
−
4

�
3

√

7
 .

(65)
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(x) By taking α � − (1/2) and β � 1 in equation (56)
and multiplying by ½, we get

AGve
(HAP) �

15
�
2

√ +
56

�
3

√ +
81
2

�
5

√ +
41
2

�
6

√ +
11

�
7

√ +
79

2
��
10

√ +
20

3
��
11

√ +
30
��
14

√ +
8
��
15

√ +
50
��
21

√ +
11
��
30

√ +
72
��
35

√

+
117

��
42

√ +
68
��
70

√ +
42
���
110

√ +
127
3

n +
6
�
2

√ +
7
�
3

√ +
24
��
35

√ −
26
��
42

√ .

(66)

(xi) If α � 1 and β � − 1, then we have the ve-degree
inverse sum indeg index

ISIve(HAP) � 74n +
385639676n − 1737740

1763580
− 4. (67)

Next, we summarized vertex set partition of HAP based
on its ve-degree as given in Table 8. □

Theorem 5. 6e general ve-Zagreb index Mve
α of HA-

paclitaxel

M
ve
α (HAP) � (n + 1)[2]

α
+ 16n[3]

α
+(17n + 1)[4]

α

+(7n + 2)[5]
α

+(16n − 2)[6]
α

+ 14n[7]
α

+(9n − 1)[8]
α

+ 2n[9]
α

+ 4n[10]
α

+ n[11]
α

.

(68)

Proof. From Table 8, we have

V2(HAP)


 � n + 1,

V3(HAP)


 � 16n,

V4(HAP)


 � 17n + 1,

V5(HAP)


 � 7n + 2,

V6(HAP)


 � 16n − 2,

V7(HAP)


 � 14n,

V8(HAP)


 � 9n − 1,

V9(HAP)


 � 2n,

V10(HAP)


 � 4n,

V11(HAP)


 � n.

(69)

By the definition of the general ve-Zagreb index Mve
α , we

have

M
ve
α (G) � 

u∈V(G)

dve(u) 
α
,

M
ve
α (HAP) � 

u∈V2(HAP)

dve(u) 
α

+ 
u∈V3(HAP)

dve(u) 
α

+ 
u∈V4(HAP)

dve(u) 
α

+ 
u∈V5(HAP)

dve(u) 
α

+ 
u∈V6(HAP)

dve(u) 
α

+ 
u∈V7(HAP)

dve(u) 
α

+ 
u∈V8(HAP)

dve(u) 
α

+ 
u∈V9(HAP)

dve(u) 
α

+ 
u∈V10(HAP)

dve(u) 
α

+ 
u∈V11(HAP)

dve(u) 
α
,

M
ve
α (HAP) � V2(HAP)


[2]

α
+ V3(HAP)


[3]

α
+ V4(HAP)


[4]

α
+ V5(HAP)


[5]

α
+ V6(HAP)


[6]

α
+ V7(HAP)


[7]

α

+ V8(HAP)


[8]
α

+ V9(HAP)


[9]
α

+ V10(HAP)


[10]
α

+ V11(HAP)


[11]
α
,

M
ve
α (HAP) � (n + 1)[2]

α
+ 16n[3]

α
+(17n + 1)[4]

α
+(7n + 2)[5]

α
+(16n − 2)[6]

α
+ 14n[7]

α
+(9n − 1)[8]

α
+ 2n[9]

α

+ 4n[10]
α

+ n[11]
α
.

(70)

Using +eorem 5, the following corollary can be ob-
tained with little efforts. □

Corollary 5. Let HAP be the molecular graph of HA-pac-
litaxel conjugate; then,

(i) Tve(HAP) � 488n − 4
(ii) Mαve

1 (HAP) � 3116n − 66
(iii) Fve

1 (HAP) � 22058n − 622
(iv) IDve(HAP) � (63313n + 2739)/3960
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(v)

ZDve
(HAP) �

1
�
2

√ +
16

�
3

√ +
7
�
5

√ +
16

�
6

√ +
14

�
7

√ +
9
�
8

√ +
4
��
10

√ +
1
��
11

√ +
55
6

 n +
1
�
2

√ +
2
�
5

√ −
2
�
6

√ −
1

2
�
2

√ +
1
2

 . (71)

(vi) mMve
1 (HAP) � (473554859n + 35271621)

/109771200

Proof. From +eorem 5, we have

M
ve
α (HAP) � (n + 1)[2]

α
+ 16n[3]

α
+(17n + 1)[4]

α

+(7n + 2)[5]
α

+(16n − 2)[6]
α

+ 14n[7]
α

+(9n − 1)[8]
α

+ 2n[9]
α

+ 4n[10]
α

+ n[11]
α
.

(72)

(i) Substituting α � 1 in equation (72), give
Tve(HAP) � 488n − 4

(ii) Substitute α � 2 in equation (72); then,
Mve

2 (HAC) � Mαve
1 (HAC) � 3116n − 66 is the first

ve-degree Zagreb alpha index.
(iii) Substituting α � 3 in equation (72) gives the F1-ve-

degree index, i.e.,

M
ve
3 (HAC) � F

ve
1 (HAC) � 22058n − 622. (73)

(iv) For α � − 1, equation (72) gives the inverse ve-de-
gree index, i.e.,

M
ve
− 1(HAC) � IDve

(G) �
63313n + 2739

3960
. (74)

(v) If α � − (1/2), then Mve
− (1/2)(HAC) � ZDve(G) ze-

roth order ve-degree index and

ZDve
(HAP) �

1
�
2

√ +
16

�
3

√ +
7
�
5

√ +
16

�
6

√ +
14

�
7

√ +
9
�
8

√ +
4
��
10

√ +
1
��
11

√ +
55
6

 n +
1
�
2

√ +
2
�
5

√ −
2
�
6

√ −
1

2
�
2

√ +
1
2

 . (75)

(vi) If we put α � − 2 in equation (72), we get the
modified first ve-degree index, i.e.,

M
ve
− 2(HAC) � mMve

1 (G) �
473554859n + 35271621

109771200
.

(76)

Finally, we have a partition of the edge set of HAP on the
basis of ev-degree of edges, as given in Table 9. □

Theorem 6. 6e general ev-degree index Mev
α of HA-pacli-

taxel conjugate is given by

M
ev
α (HAP) � (n + 1)[3]

α
+(29n + 1)[4]

α

+(36n − 1)[5]
α

+(22n − 1)[6]
α

+ 7n[7]
α

+ n[8]
α
.

(77)

Proof. Clearly,

E3(HAP)


 � n + 1,

E4(HAP)


 � 29n + 1,

E5(HAP)


 � 36n − 1,

E6(HAP)


 � 22n − 1,

E7(HAP)


 � 7n,

E8(HAP)


 � n.

(78)

Table 8: +e ve-degree of the vertices of HAP.

Ve-degree dve(u) Number of vertices (frequency) Vertex set Vi

2 n+ 1 V2
3 16n V3
4 17n+ 1 V4
5 7n+ 2 V5
6 16n − 2 V6
7 14n V7
8 9n − 1 V8
9 2n V9
10 4n V10
11 N V11
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Applying the definition of the ev-degree index Mev
α , we

have

M
ev
α (G) � 

e∈E(G)

dev(e) 
α
,

M
ev
α (HAP) � 

e∈E3(HAP)

dev(e) 
α

+ 
e∈E4(HAP)

dev(e) 
α

+ 
e∈E5(HAP)

dev(e) 
α

+ 
e∈E6(HAP)

dev(e) 
α

+ 
e∈E7(HAP)

dev(e) 
α

+ 
e∈E8(HAP)

dev(e) 
α
,

M
ev
α (HAP) � E3(HAP)


[3]

α
+ E4(HAP)


[4]

α
+ E5(HAP)


[5]

α
+ E6(HAP)


[6]

α
+ E7(HAP)


[7]

α
+ E8(HAP)


[8]

α
,

M
ev
α (HAP) � (n + 1)[3]

α
+(29n + 1)[4]

α
+(36n − 1)[5]

α
+(22n − 1)[6]

α
+ 7n[7]

α
+ n[8]

α
.

(79)

□

Next, corollary is immediate from +eorem 6.

Corollary 6. Let HAP be the molecular graph of HA-pac-
litaxel conjugate; then,

(i) Tev(HAP) � 488n − 4
(ii) Mev(HAP) � 2572n − 36

(iii) Fev(HAP) � 14048n − 250
(iv) mMev(HAP) � (416627n + 10668)/100800
(v) IDev(HAP) � n + ((2229n + 26)/120)

(vi)

R
ev

(HAP) �
1
�
3

√ +
36

�
5

√ +
22

�
6

√ +
7
�
7

√ +
1
�
8

√ +
29
2

 n +
1
�
3

√ −
1
�
5

√ −
1
�
6

√ +
1
2

 . (80)

(vii) RRev(HAP) � (
�
3

√
+ 36

�
5

√
+ 22

�
6

√
+ 7

�
7

√
+�

8
√

+ 58)n + (
�
3

√
−

�
5

√
−

�
6

√
+ 2)

Proof. Substituting α � 1, 2, 3, − 2, − 1, − (1/2), (1/2) in the
expression of Mev

α (HAP) from +eorem 6, we get desired
results. □

3. Chemical Significance of the Newly
Introduced Indices

In this section, we compute ISIve
(α,β)(G), ISIve

(α,β)(G)

(α, β) � (2, 0), (0, 2), Mve
α (G), Mev

α (G) for α � 3 of octane
isomers as summarized in Table 10 and investigate the
predictive power of these indices for certain physico-
chemical properties such as entropy (S), acentric factor
(AcenFac), enthalpy of vaporization (HVAP), and standard
enthalpy of vaporization (DHVAP) of octane isomers
available at http://www.moleculardescriptors.eu (Table 11).
Next, we model selected physicochemical properties of

octane isomers with ISIve
(0,2)(G), ISIve

(2,0)(G)Mve
3 (G), and

Mev
3 (G) (Table 12).
It can be easily seen from Table 12 that the most con-

venient indices which are modeling the entropy(S), enthalpy
of vaporization (HVAP), standard enthalpy of vaporization
(DHVAP), and acentric factor (AcenFac) are as follows:

(i) ISIve
(0,2)(G) for the acentric factor

(ii) Mve
3 (G) for enthalpy of vaporization (HVAP) and

standard enthalpy of vaporization (DHVAP)
(iii) Mev

3 (G) for entropy

Graphical representation of these correlations is shown
in Figure 5.

Note that all indices show the negative strong correlation;
because of this fact, these graph invariants are compared with
each other by using the squares of correlation coefficients to
ensure the compliance (conformity) between the positive and
negative correlation coefficients (Table 13). Furthermore, it can
be seen from Tables 12 and 13 that all the indices have a good

Table 9: +e ev-degree of the edges of HAP.

Degree of its end vertices (d(u),d(v)) Number of edges (frequency) Ev-degrees
(1, 2) n+ 1 3
(1, 3) (2, 2) 29n+ 1 4
(1, 4) (2, 3) 36n − 1 5
(2, 4) (3, 3) 22n − 1 6
(3, 4) 7n 7
(4, 4) n 8
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correlation with entropy (S) and have a strong correlation with
the acentric factor. But none of the indices are able to model
enthalpy of vaporization (HVAP) strongly.

For the above reasons, it can be argued that these ve-
degree and ev-degree indices considered above are potential
tools for QSPR analysis.

Table 10: Various ve-degree and ev-degree topological indices of octane isomers.

Molecule ISIve
(0,2)(G) ISIve

(2,0)(G) Mve
3 (G) Mev

3 (G)

n-Octane 340 1128 326 374
2-Methyl-heptane 398 1524 406 472
3-Methyl-heptane 400 1525 387 496
4-Methyl-heptane 442 1997 472 496
2,3-Dimethyl-hexane 540 2835 582 624
2,4-Dimethyl-hexane 500 2453 558 594
2,5-Dimethyl-hexane 458 2001 486 570
3,4-Dimethyl-hexane 578 3224 630 648
2,2-Dimethyl-hexane 538 2856 632 746
3,3-Dimethyl-hexane 620 3808 728 800
3-Ethyl-hexane 482 2441 520 520
2,2,3-Trimethyl-pentane 726 4781 850 934
2,2,4-Trimethyl-pentane 688 4564 869 844
2,3,3-Trimethyl-pentane 766 5305 874 964
2,3,4-Trimethyl-pentane 644 3791 728 752
2-Methyl-3-ethyl-pentane 586 3371 666 648
3-Methyl-3-ethyl-pentane 700 4759 806 854
2,2,3,3-Tetramethylbutane 922 7105 1070 1262

Table 11: Some physicochemical properties of octane isomers.

Molecule Entropy(S) HVAP DHVAP AcenFac
n-Octane 111.67 73.19 9.915 0.397898
2-Methyl-heptane 109.84 70.3 9.484 0.377916
3-Methyl-heptane 111.26 71.3 9.521 0.371002
4-Methyl-heptane 109.32 70.91 9.483 0.371504
2,3-Dimethyl-hexane 108.02 70.2 9.272 0.348247
2,4-Dimethyl-hexane 106.98 68.5 9.029 0.344223
2,5-Dimethyl-hexane 105.72 68.6 9.051 0.35683
3,4-Dimethyl-hexane 106.59 70.2 9.316 0.340345
2,2-Dimethyl-hexane 103.42 67.7 8.915 0.339426
3,3-Dimethyl-hexane 104.74 68.5 8.973 0.322596
3-Ethyl-hexane 109.43 71.7 9.476 0.362472
2,2,3-Trimethyl-pentane 101.31 67.3 8.826 0.300816
2,2,4-Trimethyl-pentane 104.09 64.87 8.402 0.30537
2,3,3-Trimethyl-pentane 102.06 68.1 8.897 0.293177
2,3,4-Trimethyl-pentane 102.39 68.37 9.014 0.317422
2-Methyl-3-ethyl-pentane 106.06 69.7 9.209 0.332433
3-Methyl-3-ethyl-pentane 101.48 69.3 9.081 0.306899
2,2,3,3-Tetramethylbutane 93.06 66.2 8.41 0.255294

Table 12: +e correlation between ve-degree and ev-degree topological indices and many physicochemical properties of octane isomers.

Index Entropy (S) HVAP DHVAP AcenFac
ISIve

(0,2)(G) − 0.93637344 − 0.759290239 − 0.838405607 −0.99165132
ISIve

(2,0)(G) − 0.93263275 − 0.740521517 − 0.824163005 − 0.9848198
Mve

3 (G) − 0.92648728 −0.813132523 −0.880051406 − 0.98993655
Mev

3 (G) − 0.962396764 − 0.795535677 − 0.867170763 − 0.981777498
Bold values show highest values of correlation between topological indices and properties.
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4. Conclusion

In this article, we have computed various ev-degree and ve-
degree topological indices of hyaluronic acid-curcumin/
paclitaxel conjugate using the general ve-inverse sum indeg
index, general ve-Zagreb index, and general ev-degree index.
+e ve-degree index has been shown to have greater pre-
dictive ability and better correlation than classic degree-
based indices; so the findings of the current studies will
enable researchers to have a better understanding of the
physicochemical and pharmacological characteristics of
hyaluronic acid-curcumin/paclitaxel conjugates. Also, the
predictive power of ve-degree indices have been tested on by
using some physicochemical properties of octanes, and it is
shown that these ve-degrees/ev-degree-based topological
indices can be used as possible tools for QSPR. As these
results are helpful in chemical science as well as

pharmaceutical point of view, in this regard, the mathe-
matical properties of hyaluronic acid-curcumin/paclitaxel
conjugate are worth to investigate for future studies.
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Table 13: +e square of correlation between ve-degree topological indices and many physicochemical properties of octane isomers.

Index Entropy (S) HVAP DHVAP AcenFac
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3 (G) � Fev 0.926207531 0.632877013 0.751985132 0.963887056

Bold values show highest values of correlation between topological indices and properties.
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