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Degree-Based and Neighborhood Degree
Sum-Based Entropy Measure
of Molnupiravir

Shibsankar DAsY2, Arti KUMARI® and Jayjit BARMAN?

Abstract

An entirely novel virus that causes severe acute respiratory syn-
drome began to spread around the world at the end of 2019. Since
there are no curative treatments to treat the viral infection, efforts
are being made globally to stop the coronavirus from spreading. The
coronavirus strain is also known as 2019-nCoV and officially identified
as SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2).
Several distinctive characteristics of graphs have been used to differenti-
ate the construction of entropy-based measurements from the structure
of chemical graphs. Graph entropies have emerged as the information-
theoretic quantities for quantifying the fundamental information of
chemical graphs. The prospective applicability of the graph entropy
measure in discrete mathematics, biology and chemistry has drawn
attention from the scientific community. In this work, we study the
structural properties of one of the known antiviral drugs, Molnupi-
ravir, and introduce the concept of entropy measure for this drug.
We evaluate the degree-based and neighborhood degree sum-based
entropy by considering the values of topological indices of the chemical
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compound. Furthermore, we present the graphical representations of
these entropy measures. A comparative analysis of degree-based and
neighborhood degree sum-based topological indices, along with their
associated entropy measures, is presented for Molnupiravir through
graphical illustrations using numerical data.

Keywords: Topological index; Entropy measures; Molnupiravir; SARS-
CoV-2.

1 Introduction

Mathematics-based chemical analysis is known as mathematical chemistry. A
subfield of mathematical chemistry that merges chemistry and mathematics
by using graph theory is known as chemical graph theory (CGT). In CGT, a
molecular graph is used to carry out a topological illustration of a molecule to
correlate the chemical structure with different physical attributes, chemical
reactivity, or biological activity. Let " = (V(T"), E(Y)) represent a molecular
graph with an edge set E(Y") and a vertex set V(2'). When w; and wy are
two adjacent vertices of 1", the edge that joins them is denoted by wyws.
The degree (or the number of its first neighbors) of vertex w; in graph 7 is
indicated by the symbol deg(w;). For any vertex wi, the value of 7(wy) =
{2 wsev(r) deg(wz) : € = wiwy € E(T)} represents the neighborhood degree
sum of the vertex wy [28]. The graph-invariant quantity obtained from a
graph representing a molecule is called a topological index. It demonstrates
a relationship to the chemical constitution and shows how various chemical,
physical, and biological aspects correlate with chemical structure [27].

In 1948, Shannon initially developed the concept of entropy in his
well-known study [21], stating “The entropy of a probability distribution
is known as a measure of the unpredictability of information content or a
measureDegree-Based and Neighborhood Degree Sum-Based Entropy Mea-
sures of Molnupiravir of the uncertainty of a system”. Subsequently, the
study of entropy has found an extensive application in determining the
structural information of graphs / chemical structures / networks. As Ra-
shevsky developed the graph entropy concept in 1955 which was based
on the categorization of vertex orbits [20]. These days, the significance
of graph entropies has risen substantially in multiple disciplines, such as
biology, sociology, ecology, computer science, structural chemistry and math-
ematics. The previously mentioned graph entropy measures are a broad
category that can be classified as intrinsic and extrinsic measures. They
are defined to correlate the probability distributions with graph elements
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(vertices, edges, etc.). Dehmer explored the information functionals based
graph entropies, which analyze the characteristics of structural information
and capture it [9,10]. Entropic network measures have broad applications,
ranging from software technology or quantitative structural description in
structural chemistry to studying chemical or biological features of molecular
graphs. We highlight that the applications previously described have to do
with resolving an underlying data analysis issue, for example: classification
tasks or clustering. Although it is ambiguous on which graph category the
measure should be assessed, the task is complex. We speculate that network
heterogeneity can be measured using the introduced degree-based entropy.
Now, we discuss some important research articles on degree-based graph
entropy measures that have shown their importance and applicability in
literature. Recently, Li et al. investigated the analysis of entropy measures
for titanium dioxide via rational curve fitting methods in [18]. Manzoor et
al. worked on entropy measures of polycyclic hydroxychloroquine used for
novel coronavirus (COVID-19) treatment in [19]. In 2023, Hussain et al.
shown interest on K-Banhatti indices and entropy measure for rhodium (III)
chloride via linear regression models in the article [1]. Srinivasan et al. [23]
created Lakvir indices, a new class of vertex degree-based topological in-
dices, and investigated how to derive them using Lakvir M-Polynomials (LM
Polynomials) for specific medications used to treat Omicron and COVID-19.
Tamilarasi et al. [24] created the QSPR model to forecast a few specific
physicochemical properties and ADMET properties of the COVID-19 Omi-
cron drugs by using some degree-based indices such as the first K Banhatti
index, second K Banhatti index, first K hyper Banhatti index, second K
hyper Banhatti index, modified first K Banhatti index, modified second K
Banhatti index and harmonic K Banhatti index via M-Polynomial. In the
article [3], Chu et al. present an efficient edge-partition-based approach for
computing degree-based and irregularity-based topological descriptors of
two benzenoid structures, enabling cost-effective theoretical prediction of
compound properties via QSAR and QSPR analyses. Julietraja et al. [13]
computed neighborhood sum degree-based indices for sodalite structures
to reveal how molecular structure influences physical properties through
derived descriptors. Julietraja et al. [14] derive analytical expressions for
degree-based entropy measures in three key classes of coronene-centered
polycyclic aromatic hydrocarbons, revealing structural insights through
entropy-molecular relationships.
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Edge-Weight-Based Entropy of a Graph

Chen et al. [2] defined the entropy of an edge-weighted graph for the first
time in 2014. Suppose that T = (V(7), E(T), ¢(wiws2)) represented as an
edge-weight graph, where V(7), E(T7") and ¢(wjws) stands for the vertex
set, edge set and the edge-weight of an edge wiws € E(Y). Therefore, the
entropy of an edge-weight graph is represented as follows:

P(wiws) P(wiws)
Z Z log (Z ) (1)

wlw EE wleGE (wle) wleGE(T) ¢(w1w2)

Equation 1 can be simplified to Equation 2 by following these steps:

Ey(r) = —wlw; Zwlwi;w”"?)(wm) [1og (B(wuh)
—10g< > ¢(w1w2))}

w1w26E(T)

= E4(T) =log ( Z ¢(w1w2)>

wlwgeE

S ok (g

wiw
wiwheE(T) wiw2€E(Y) ( 1 2)

= BN =log( Y olwnw))
’wleEE(T)

1
- ¢(wywh) log (¢(wiwy)).
(ZwlwzeE(T) ¢(w1w2)) w’lw’QZG:E(T) o o
(2)

Motivation and Methodology

Broadly seeing the application of entropy measures in several fields, the
degree-based and neighborhood degree sum-based entropy measures are
utilized to quantify the complexity and diversity of molecules. In the realm of
drug design, these entropies can be beneficial for identifying compounds with
desired features during the screening and analysis of molecular graphs and for
enhancing the molecular descriptors for QSAR/QSPR models. Recently, the
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work on degree-based and neighborhood degree sum-based entropy measures
has been published in the articles [1,4,16-19,29]. These articles have shown
the applicability and requirements to study the graph entropy measures
of different chemical structures. Motivated by the above development, we
aim to investigate the various degree and neighborhood degree sum-based
entropy measures of the antiviral drug Molnupiravir.

Firstly, we provide the idea of graph entropy measures by employing
meaningful information functions according to the standard definitions of
degree-based and neighborhood degree sum-based topological indices and
do their computational analysis for the drug Molnupiravir. An overview of
the two-dimensional structure of Molnupiravir and some basic introductions
are provided in Section 2. Next, we have the vertex and edge set partition
according to their degree and neighborhood degree. Section 3 consists of the
result and discussion: the computation of degree-based and neighborhood
degree sum-based entropy measures are presented in Section 3.1 and Sec-
tion 3.2, respectively. Furthermore, we exhibit the graphical depiction of
degree-based entropy and neighborhood degree sum-based entropy measures
in respective sections. We compare degree-based and neighborhood degree
sum-based topological indices and the corresponding entropy measures of
Molnupiravir in Section 4. Finally, we conclude in Section 5.

2 Introduction to Molnupiravir

Late in December 2019, the new coronavirus disease 2019 (COVID-19)
was identified as the source of a cluster of pneumonia cases in Wuhan,
China. It has immediately spread to various regions of the entire world.
Later, COVID-19 was declared a worldwide pandemic by the World Health
Organization (WHO) in March 2020 [26]. Patients have the several clinical
signs and symptoms of COVID-19 such as fever, sore throat, dry cough,
shortness of breath, tiredness, headache, diarrhea, nausea, loss of smell
or taste, etc. Concerning COVID-19 infection, there is not a reliable and
efficient oral antiviral medication at the moment. Even though, several
drugs are being tested on behalf of previous studies to ease the way for a
precise treatment for this pandemic. To combat this pandemic, there are
some existing drugs such as Theaflavin, Hydroxychloroquine, Remdesivir,
Arbidol, Chloroquine, Ritonavir, Lopinavir, Thalidomide, etc. But there
is uncertainty that how well these medications work to prevent COVID-19
infection [11].
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Figure 1: Chemical structure of Molnupiravir (C13H19N307).

A small-molecule oral prodrug having anti-RNA (Ribonucleic Acid) poly-
merase activity called Molnupiravir, has efficacy against the virus [22]. The
drug is also known by the names MK-4482, EIDD-2801, EIDD-1931-isopropyl
ester, etc. It causes severe acute respiratory syndrome (SARS-CoV-2) and
are currently being studied for the therapy of COVID-19 patients. This oral
medication was created at Emory University by Drug Innovation Ventures,
and Ridgeback Therapeutics eventually acquired it in collaboration with
Merck and Co., USA. All of the above prescription drugs must be provided
in a hospital setting, although the fact that some currently have EUAs
(emergency use authorizations) for COVID-19. Consequently, since the start
of this pandemic, the creation of a basic oral antiviral medication has proven
to be an unattainable objective. For more details please refer [5-8,12,15].
The two-dimensional chemical structure of Molnupiravir with hydrogen atom
is depicted in Figure 1 [25]. The hydrogen-suppressed diagram of the same
molecule is displayed in Figure 2 and let us denote it by 7" = (V(Y), E(T)).
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Figure 2: Hydrogen-suppressed diagram of Molnupiravir.

3 Results and Discussions

In this section, we determine degree-based entropy (in Subsection 3.1) and
neighborhood degree sum-based entropy measures (in Subsection 3.2) associ-
ated with their respective indices for the structure Molnupiravir. For such
determination of the entropy measures the values of degree-based topological
indices of 7" (Theorem 1) and neighborhood degree-based topological indices
of T (Theorem 6) are required.

3.1 Degree-Based Entropy Measures of Molnupiravir

Theorem 1 ([8]) Let T = (V(T),E(Y)) be a graph structure of Molnupi-
ravir compound. Then, the degree-based topological indices of T are

(i) My(Y) = 116,
(ii) Mo(T) = 136,
(iii) ™Ma(Y) = 31 ~ 5.1667,
(iv) ReZG3(T) = 704,
(v) Ro(T) = 2% +2 x 3o+l 4 22041 4 g 5 6 4 2 x 32a+L
(vi) F(T) = 306,
(vii) SDD(Y) = 58,
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(viii) H(Y) = 13 ~ 10.2667,
(ix) ISI(Y) = 52 ~ 26.9667,
(x) AZI(Y) = 2907 ~ 184.5938.

Before proceeding towards the computation of degree-based entropy
measures of Molnupiravir, let us have a look at the partition of vertex set

(given in Table 1) based on the degrees of the vertices and partition of edge
set based on their degrees of the end vertices (given in Table 2).

Table 1: Partition of vertex set of 7" based on the degrees of vertices.

Vertex set 1% Vs Vs
dT (wl) 1
Total count 7 7

Table 2: Partition of edge set of T based on the degrees of the end vertices
of edges.

Edge set E1 E2 Eg E4 E5
(dr(w1)7dT(w2)) (152) (173) (272) (233) (373)
Total count 1 6 2 9 6

Theorem 2 Let T = (V(T),E(Y)) be a graph structure of Molnupiravir
compound. Then, the degree-based entropy measures of T are

(i) Erp(T) = 3.1623,
(ii) En,(T) = 3.0916,
(i1i) Empp,(T) = 3.0724,

(v) Egeza,(T) = 3.0211,

(v) Egr,(T) = log (Ra)_%a [20‘xlog(?a)+6x3axlog(So‘)+2><22°‘xlog(220‘)

+9 x 6% x log(6%) + 6 x 32% x log(SZQ)],

(vi) Ep(T) = 3.1362,
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(vii) Espp(Y) = 3.1546,

(viii) Ex(Y) = 3.1606,
(iz) Ers(T) = 3.1443,
(x) Eazi(T) = 3.1026.

Proof: Let us now compute the degree-based entropy measures:

(i) First Zagreb entropy of EIDD-2801

If p(wrwe) = dy(w1) + dr(ws2) then using the definition of the First
Zagreb index, we have

Y dlwiwr) = Y dr(wr) + dr(w) = My(Y).

wleEE(T) wleEE(T)

From Theorem 1, we have M;(Y) = 116. Therefore, from Equation (2),
the mathematical form of the first Zagreb entropy of a graph 7 is
given by

Ean (1) = BN (1) = s >0 (droon) + dr(un)
wiw2EE(T)

x log (dr(wn) + dr (ws)).

To obtain this entropy, we put the required value from Table 2 in the
above equation:

25: Z (dr(un) - dr(w2))

1
En, (T) = log(M1(T)) — m
=1 wleEEi(T)

x log (dT(wl) + dT(w2))]

|
zlog(116)—1—16[1><(1+2)><log(1+2)+6><(1—|—3)
x log(1+3) +2 % (2+2) x log(2+2) + 9 x (2 +3)

x log(2+3) +6 x (3+3) x log(3 + 3)

1
= log (116) — 7z [3 x log(3) + 24 x log(4) + 8 x log(4) + 45
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x log(5) + 36 x log(6)

= 3.1623,

(ii) Second Zagreb entropy of EIDD-2801

If p(wiwy) = dy(wi)dy(wsz) then using the definition of the First
Zagreb index, we have

S blwiwy) = > dy(wy)dy(ws) = My(Y).
wiw2EE(Y) wiw2EE(Y)

From Theorem 1, we get the value M3(7") = 136. Now, the given Equa-
tion (2) changes to the following mathematical form and is called the
Second Zagreb entropy of a graph 7 which is given as

By (1) = log(0(T)) = gz 3 (drun)drtus))
wiw2€E(T)

x log (dT(wl)dT(wg)).

To obtain this entropy we put the necessary value from Table 2 in the
above expression:

B, (T) = log(Ma(T)

Z > (dr(wndr(us))

1=1 wyweEE; (T)

x log (dr(w1)dr(w2)>]

= log (136) — ﬁ [2 x log(2) 4 18 x log(3) + 8 x log(4) + 54

x log(6) + 54 x log(Q)]

= 3.0016,

(iii) Modified second Zagreb entropy of EIDD-2801

If p(wiwe) = m then using the definition of the modified
second Zagreb index, we have
1
S bww) = Y e =TMy(T).

wiws€ B(T) w1ws e B(T) dy (w1)dy (w2)
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From Theorem 1, we have ™ M(T) = %1. Therefore, from Equation (2),
the mathematical form of the modified second Zagreb entropy of a
graph 7 is given by

By (T) = log("Ma (D)) = 5 WW;M) dy(w1)dy (ws)
x 1 S S
08 dy (w1)dy (we) .

To obtain this entropy we put the required value from Table 2 in the
above expression:

Emagy(T) = log(™ My (T)) - Z 2 1

=1 wiw2€E;(T) dT(Ml)dT(U)Q)

m M2

1
xlog | ————
® (dr(wl)dT(W))]
31 6 1 1 1
= log <6> <31>[ xlog<2> +2 x log <3> +§
1 1 2 1
ton () + 5 xow () + 5 1w (5) ] = 30721

Redefined third Zagreb entropy of EIDD-2801

If p(wrwsz) = dy(wy)dy(w2)(dr(wr)+dy(ws)) then using the definition
of the redefined third Zagreb index, we have

Yo dlwws) = Y dy(wi)dr(wz)(dr(wi) + dr(ws))

wiw2€E(T) wiw2€E(T)
— ReZG3(T).

From Theorem 1, we have ReZG3(Y") = 704. Now, the given Equa-
tion (2) changes to the following mathematical form and is called the
redefined third Zagreb entropy of a graph 7.

1
ER@ZGg (T) = 10g(R€ZG3(T)) — W Z dT(’LUl)dT(’U)Q)X
wiw2€E(Y)

(dr(w1) + dr(w2)).
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To obtain this entropy we put the necessary value from Table 2 in the
above equation:

Erezay(T)

=log(ReZG3(Y)) —

Z >, dr(w)

=1 wiw2EF;(T)

ReZG'g

dy (wa)(dr(w1) + dr(w2)) x log <dT(W1)dT(w2)(dT(w1) + dr(ﬂ@)))]

= log (704) — ﬂ [6 x log(6) + 72 x log(12) + 32 x log(16)

+ 270 x log(30) + 324 x log(54)} = 3.0211,

(v) General Randié¢ entropy of EIDD-2801

If p(wiwa) = (dy(wy)dy(we))® then using the definition of the general
Randié¢ index, we have

Y. lwwa) = Y (dr(wi)dr(we)® = Ra().

wlwgeE(T) w1w2€E(T)

From Theorem 1, we have Ry (7)) = 2% + 2 x 3¢T1 4 220+1 4 9 » 62 +
2 x 3%20*1 Now, from Equation (2), the mathematical expression of the
general Randi¢ entropy of a graph T is given by

B, (1) = log(RalT)) = s 2 (dr(w)ir(ua))”
@ wiw2€E(T)

« log (dT(wl)dT(wg))a.

To obtain this entropy we put the concerned value from Table 2 in the
above equation:

ER,(T) =log(Ra(T)

Z S (ar(wn)drw))”

=1 wiweER; (T)

x log (dy(wl)dy(wg))a]




DB and NBDDS-Based Entropy Measures of Molnupiravir 99

1
= log (Ry) — R [26“ x 1og(2%) + 6 x 3% x log(3%) + 2 x 2%

x 10g(2%%) + 9 x 6% x log(6%) + 6 x 3%* x log(3%®)],

(vi) Forgotten entropy of EIDD-2801
If p(wiws) = (dr(w1))? + (dr(wz))? then using the definition of the
Forgotten index, we have

Y. Swwr) = Y (dr(wi))’ + (dr(ws))® = F(7).

wiw2€E(Y) wiw2€E(T)

From Theorem 1, we have F'(1") = 306. Now, from Equation (2), the
mathematical form of the forgotten entropy of a graph 7 which is
given as

Ep(T) = log(F(T)) — (1) Z <(dr(w1))2 + (dr(wz))Q)
wiw2€E(T)

x log ((dy(wl))Q n (dr(wg))Q).

To obtain this entropy we put the required value from Table 2 in the
above equation:

5
Z Z ((dr(w1))2 - (dr(wz))Q)

Ep(Y) = log(F(T)) - F(IT)
=1 wiw2€E;(T)

< log ((dr(wn)? + (dr(w2))2>]

1
306

+ 117 x log(13) + 108 x log(lS)] = 3.1362,

— log (306) [5 % log(5) + 60 x log(10) + 16 x log(8)

(vii) Symmetric division (deg) entropy of EIDD-2801

— (dr(w1))*+(dy (w3))?
If p(wrwo) = Tdrl(wl)dr(imf
metric division (deg) index, we have

Y =y ) gy

wlwgeE(T) w1w2€E(T) dT(wl)dT(wQ)

then using the definition of the sym-
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(viii)

From Theorem 1, we have SDD(T") = 58. Therefore, from Equation (2),
the mathematical form of the symmetric division (deg) entropy of a
graph T is given as

Espp(T)
_ __ 1 (dr(w1))* + (dr(w2))*
= log(SDD(Y)) SDD(T) Z ( dy(w1)dy(ws) )

wiw2€E(Y)

‘1o (dy(w1))? + (dr(wz))?
& dy (w1 )dy (w2) '

To obtain this entropy we put the necessary value from Table 2 in the
above expression:

Espp(T)

= log(SDD(Y)) — SDD

(dr(w1))? + (dr(w2))?
zz;wleEZE (1) ( dT(’U)l)dT(’lUQ) )

(o (10))? + (d(12))?
e ( dr (w1} (02) )]

1
=log (58) — 8

1
g x log (2) + 20 x log <3O> +4 x log(2) + %
13
x log (6) + 12 x log(Q)} = 3.1546,

Harmonic entropy of FIDD-2801

If p(wiwe) = W then using the definition of the Harmonic
index, we have

2
Z Plunz) = Z dy(wy) + dr(w2) = H{I).

wleEE(T) ’wlngE(T)

From Theorem 1, we have H(Y) = 12. Now, from Equation (2), the
mathematical expression of the Harmomc entropy of a graph 7 is
given by

1 2
EH(T)zlog(H(T))—W > (dy(w1)+dT(w2)>

wleEE(T)
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x 1 2
08 dy(wy) + dy(we) '

To obtain this entropy we put the necessary value from Table 2 in the
following manner:

En(T) = log(H(T)

2
Z Z (dy(wl) —f—dy(wg))

=1 wyw2€E; (T

2
x lo
g <dT(w1)+dT(WQ)>]
154 15 2 1
-1 — 22«1 1 1
°g<15> 154[3>< Og<3> X Og( >+
1 1 2 1
x log (2) + ES x log (5> + 2 X log <3>} = 3.1606,

(ix) Inverse sum (indeg) entropy of EIDD-2801

If p(wyws) = % then using the definition of the Inverse sum

(indeg) index, we have

Yo pwwe) = > dr (w1)dr (ws) = ISI(Y).

wiwa€E(T) wiws e B(T) dy(w1) + dr(w2)

From Theorem 1, we have ISI(T) = 83009 Therefore, from Equation (2),
the mathematical expression of the inverse sum (indeg) entropy of a

graph 7 is given by

N e dy (w1)dy (w2)
E151(T7) = log(ISI(T)) ISI(Y) wlwé:E(T) (dr(’wl) + dT(w2)>

< log ( d (w1 d (ws) )

dy(w1) + dy(w2)

To obtain this entropy we put the concerned value from Table 2 in the
above equation:

E]S[(T) log(ISI(

dy (wy)dy(w2)
Z Z (dy(wl) +dT(w2)>

=1 wlwgeE

ISI
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< log ( (1) (1) )]

102

d:r(wl) + djr(wg)

809 30 |2 2 9 3
—log (22) = 2|2 xlog (2] + 2 xlog (2 +2x log(1
og<30> 8093xog<3>+2x0g<4>+ x log(1)

4
+ % x log (g) +9 x log <3>} = 3.1443,

(x) Augmented Zagreb entropy of FIDD-2801

3
If p(wiwe) = % then using the definition of the

Augmented Zagreb index, we have

3
Yo swws) = Y {dT(dT(wl)dT(W)_Q} — AZI(T).

wiw2€E(Y) wiwa €E(T) wl) + dT(w2)
= 5907 ~ 184.5938. Therefore,

From Theorem 1, we have AZI(Y) = “5*
from Equation (2), the mathematical form of the augmented Zagreb

entropy of a graph 7" is given as

— 1 dy (w1)dy (wy) 3
EAZI(T) = log(AZI(T)) B AZI(T) Z {dT(wl) -:dr(w;) — 2}

wiw2€E(Y)

3
% log { dy‘(’wl)d'f(wg) } ‘
dy(w1) + dy(wz) — 2
To obtain this entropy we put the required value from Table 2 in the

above expression:

Exz1(T)

> do (1) dy(w) }3

X T {aitag

1=1 wjwa€E;(

=log(AZI(Y)) AZI

dy (w1)dy (w2) 3
8 log{dr(ﬂu) + dr(we) — 2}

5907 32 81 27
= log <> [8 x log(8) + = X log (8) + 16 x log(8)

32 5907
2187 729
1 x 1 — || = 3.1026.
+ 72 x log(8) + —5g * log ( ol )] 3.1026
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32
319

317 3.1606 3.1623
3.16 3.1518 3.1544 3.1546

3

Values of entropy

Redefined third ~ Modified ~ Second Zagreb Augmented  Forgotten  Inverse sum Randié Randié Symmetric ~ Harmonic  First Zagreb
Zagreb entropy second Zagreb  entropy  Zagreb entropy  entropy  indeg entropy entropy(a=-1/2) entropy(s=1/2) division deg entropy entropy
entropy entropy

Degree-based entropy

Figure 3: Visual depiction of degree-based entropy measures for Molnupiravir.

Further, Figure 3 exhibits the graphical representation of degree-based
entropy measures for the COVID-19 drug Molnupiravir. These entropies
are neatly placed in ascending order in the figure, showing that the degree-
based entropies and their related values are plotted on the x and y axes,
respectively.

Remark 3 It is noticeable from the Figure 3 that the redefined third Zagreb
entropy (ERreza,) acquires the lowest value as 3.0211, while the first Zagreb
entropy (Epr, ) gets the highest value as 3.1625.

Remark 4 For the drug Molnupiravir T, we observe:

e from Theorem 1 that the degree-based topological indices maintain the
following relationship:

"My < H < R_y)y <ISI< Ry <SDD< My <My <AZI<F
< ReZ G5

and

e from Figure 3 that the corresponding entropies maintain the following
relationship:

Erezay < Emyy, < Env < Eazr < Ep < Ergi < Eg_,,, < Eg,,
< Espp < Eg < By, .
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3.2 Neighborhood Degree Sum-Based Entropy Measures of
Molnupiravir

Theorem 5 ([7]) Let T = (V(Y), E(Y)) be a graph structure of Molnupi-
ravir compound. Then, the neighborhood degree sum-based topological indices

of T are
(i) NMy(Y) = 272,
(ii) NMy(Y') = 783,

(iii) " Mo (T) = 2B~ 0.9353,
(iv) ND3(Y) = 9692,

(v) NRo(T) = 2394+2x15% 42911 5 320 1. 2% 21% 4 23% x 3% 42 x 52 3o+
10435 4232 x 5 4920ty 32 4 90 4 gdatl 3oy 9 5 720 | 562 4 90

(vi) NF(T) = 1658,

(vii) ND5(Y) = 1833 ~ 52.3714,

_ 1607453
(viii) NH(Y') = 55360 =~ 4.4607,

(ix) NI(T) = 131237 ~ 65.6799,

__ 428161963287795409 ~_
(x) S(T) T 433297296432000 ~ 988.1483.

In this section, we first look into the partition of the vertex set (given
in Table 3) of the graph based on the neighborhood degrees of the vertices,
and the edge set partition (as shown in Table 4) based on the neighborhood
degrees of end vertices of the edges.

Table 3: Partition of vertex set of 7" based on the neighborhood degrees of
end vertices.

Vertex set | Vs Vs Vy Vs Vs Vz
7(w1) 2 3 4 5 6 7 8
Total count 1 6 1 5 5 3 2

Theorem 6 ([7]) Let T = (V(T),E(Y)) be a graph structure of Molnupi-
ravir compound. Then, the neighborhood degree sum-based entropy measures
of T are
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Table 4: Partition of edge set of 1" based on their neighborhood degrees of

end vertices of edges.

Edge set El EQ E3 E4 E5 E@ E7 Eg
(1(w1),7(w2)) | (2,4) (3,5) (3,6) (3,7) (4,6) (5,5 (56) (57)
Total count 1 2 2 2 1 2 3 1

Edge set Eg E10 E11 Elg E13 E14 E15
(T(w1)7 T(w2)) (67 7) (67 8) (77 7) (77 8) (87 8) (57 8) (67 6)
Total count 1 2 2 1 1 1 2

(i) Enu, (T) = 3.1545,
(i1) Enng,(T) = 3.0811,
(iii) Enmpg,(T) = 3.0350,

(i’l)) END3(T) = 2.9901,

(v) Eng,(T) = log(NRa) — - |8*10g(8%) + 2 x 15%log(15%) + 2 X

18%1og(18%) + 2 x 21%log(21%) + 24%log(24%) + 2 x 25%log(25%) +

3 x 30%log(30%) + 35%log(35%) + 40%log(40%) + 2 x 36“log(36%) +
)

42 log(42%) + 2 x 48%1og(48%) + 2 x 49%log(49%) + 56“log(56%) +
64 log (64

~— — T —

)

(vi) Enp(Y) = 3.1017,
(vii) Enp,(T) = 3.4990,
(viii) Eng(Y) = 3.1496,

(iz) Eni(T) = 3.1470,

(1) Eg(T) = 4.6389.

Proof:  We then move to evaluate the neighborhood degree sum-based
entropy measures of the drug Molnupiravir.

(i) Neighborhood first Zagreb entropy of EIDD-2801
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If Y (wywe) = 7(w1) + 7(w2) then using the definition of the neighbor-
hood first Zagreb index, we have

Z Plwrwz) = Z 7(w1) + T(wa) = NMy (7).
wiw2€E(Y) wiw2€E(Y)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 7" which is
given by

By (1) = og(MR(M) = s 3 () +7(uo))
wiw2€E(Y)

x log <T(w1) + T(wg)).

To obtain this entropy we put the value of NM;(7") from Theorem 6
and using Table 4, in the following manner:

Z > (T(wl) + T(wz))

=1 wiw2€E;(T)

ENMl (T) = log(NMl (T)

NM1

x log (T(w1) + T(UJ2)>

1
log(272)—ﬁ[1x (2+4)log(2 +4) +2 x (3+5)

log(34+5)+2x (34+6)log(3+6)+2x (3+7)log(3+7)
+1x(44+6)log(4+6)+2x (5+5)log(5+5)+3x (5
+6)log(5+6)+1x (5+7)log(5+7)+1x (5+8)

log(5 +8) +2 x (6 + 6)log(6 + 6) + 1 x (6 + 7)log(6 + 7)
+2x (6+8)log(6+8)+2x (7T+T7)log(7T+7)+1x(7

+ 8) log(7 + 8) +1 x (84 8)log(8+8)

= log (272) — ﬁ [6 log(6) + 161og(8) + 181og(9) + 20

x log(10) 4+ 101og(10) + 201og(10) + 33log(11) + 12
« log(12) + 13log(13) + 24log(12) + 13log(13) + 28

x log(14) 4 281og(14) + 151og(15) + 1610g(16)]

= 3.1545,
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(ii) Neighborhood second Zagreb entropy of EIDD-2801
If Y (wiwe) = 7(w1)7(ws), then

Z Y(wiws) = Z T(w1)T(we) = NMa(Y').

wiw2€E(T) wiw2€E(T)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 7" which is
given by

B () = 10g(NML(T)) = s >0 (drwn) + dr(us)

’wleEE(T)

x log (dr(wn) + dr (w5)).

To obtain this entropy we put the required value of NMy(T") from The-
orem 6 and using Table 4, in the following manner:

Enu, (1)

= log(NM(T)) —

Z > (dr(w) + dr(w)

NM2 i=1 wiws € Ey(T)

X log (dT(wl) + dT(w2)>

=log (783) — — {8 log(8) + 301og(15) + 36 log(18) + 421log(21)

783
+ 241og(24) + 501og(25) + 9010g(30) + 351og(35) + 401og(40)

)
(

+ 721og(36) + 421og(42) + 961og(48) + 9810g(49) + 56 log(56)
(

+ 64log 64)} = 3.0811,

(iii) Neighborhood modified second Zagreb entropy of EIDD-2801

If z/;(wlwg) = then

1
T(w1)7(w2)’

Y plwmw) = ) ;:"WMQ(T).

wiw2€E(Y) wiwaEE(T) 7'(U)1)T(w2)
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Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 1" which is
given by

1 1
B (1) =108 MaT) = gy D et

1
X log <<w><w>>

To obtain this entropy we put the value of " M5(Y") from Theorem 6
and using Table 4, in the following manner:

Enm ]\42 (T)

= log("" M3(T)) —

1
Z 2 7(w)7(w2)

an
2 =1 wiweER; (

X log (T(wl 17_( )]

)T (w2)

o, (219971 235200 11 Y, 2 (1Y

= 198\ 235200 219971 80g 8) 15 °®\15) " 18
+

X lo i 3lo —
& 18) 21 %\ a1

(iv) Third NDe entropy of EIDD-2801

If Y (wiwe) = 7(wr)7(w2)(T(w1) + 7(we)), then

Yo Ylwiwy) = Y 7(w)7(wa)(T(wr) + 7(ws)) = NDs.

wuugEE(T) ’wleEE(T)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 1" which is
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given by

B, (1) = og(NDu(1) = s S0 rluwn)r(un)(rw)
wiw2€E(Y)

+ 7(wz)) x log (T(wl)T(wz)(T(wl) + T(wz))>

To obtain this entropy we put the value of ND3(2") from Theorem 6
and using Table 4, in the following manner:

Enp,(T)

= log(ND5(T)) — Z > r(w)T(we)(r(wr) + 7(ws))

=1 wiweER; (T)

ND3

x log (T(w1)7'(w2)(7'(w1) + T(w2)))]

1
= log (9692) — oo [48 log(48) + 240 log(120) + 32410g(162) + 420

x 10g(210) + 240log(240) + 500 log(250) + 990 log(330) + 420
x 10g(420) 4 5201og(520) + 864 log(432) + 546 log(546) + 1344

x log(672) 4+ 137210g(686) + 840 log(840) + 1024 log(1024)
— 2.9901,

Neighborhood general Randi¢ entropy of FIDD-2801
If (wiws) = (7(w1)7(w2))®, then
> pww) = Y (r(wy)7T(w2)* = NRo(T).
wiw2€E(T) wiw2€E(T)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 1" which is
given by

ENRQ(T)zlog(NRa(T))—NRl(T > (rlwrws)”
« wiw2EE(T)

x log (T(wl)T(w2)>a.
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To obtain this entropy we put the value of NR,(7") from Theorem 6
and using Table 4, in the following manner:

Eng,(T)
= log(NRo(T)) — ;wlwg N ( (wl)T(w2)>a
x log (T<w1>7(w2))a]
= log (NRa) — 3= [8“ log(8%) + 2 x 15%log(15%) + 2 x 18% log(18%)

+ 2 x 21%log(21%) 4 24%log(24“) 4 2 x 25% log(25%) + 3 x 30¢
x 1og(30%) + 35%1og(35%) + 40% log(40%) + 2 x 36“ log(36%) + 42¢
x log(42%) + 2 x 48%1log(48%) + 2 x 49% log(49%) + 56“ log(56*)

+ 64° log(64°‘)} ,

(vi) Neighborhood forgotten entropy of EIDD-2801
If Y (wiwz) = (1(w1))* + (7(w2))?, then
> Wlwiwy) = Y (T(w1)? + ((ws))® = NF(Y).
wiw2€E(T) wiw2€E(T)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 7" which is
given by

Enp(T) = log(NF(T)) —

v 2 ()P + ()

wiw2€E(T)
x log ((r(wn)? + (r(w2))?).

To obtain this entropy we put the value of NF(T") from Theorem 6 and
using Table 4, in the following manner:

Enp(T)

= log(NF(T)

Z > ((rw))?+ (rwn))?)

i=1 wiweER; (T)
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x log <<T(w1))2 + (T(UJQ))2>]

= log (1658) — @ [20 1og(20) + 68log(34) + 90log(45) + 116 log(58)

(
+ 5210g(52) + 1001og(50) + 183 log(61) + 74 log(74) + 89 log(89)
+ 14410g(72) + 8510g(85) + 200log(100) + 196 log(98) + 113

x log(113) 4 128 10g(128)} = 3.1017,

(vii) Fifth ND, entropy of EIDD-2801
If ¢ (wiws) = (r(w1))? +(r(w2))* , then

T(w1)7(w2)

Z ¢(w1w2) — Z (T(wl))Q + (T(w2))2 — ND5(T)

wl’wQEE(T) ’wleGE(T) T(UJl)T(’UJQ)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 1" which is
given by

7(wy))? T(wy))?
Enps(T) = log(NDs(T)) — NDi(T) Zm <( : Tl()@)m;rr((w(z)z)) >
wiwe€E

< log <<r<w1>>2 + <T<w2>>2).

7(w1)7(w2)

To obtain this entropy we put the value of ND(Y) from Theorem 6 and
using Table 4, in the following manner:

Enps(T)

= log(ND5(T)) — ND5

(1(w1))? + (7(wa))?
Z 2 ( 7(w1)7(w2) >

=1 wiweo€E; (T)

() + (r(w)?
o ( (wn)r () )]

o (1833 39 1200 ) (20 (68 . (32
%\ T35 1833 |\ 8 ) 8\ 15) %\ 15
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(i) e (55 (o s () = (5 1 (52) + 1
‘ E) <) * (s) o (3) * (in) (i)
-

30
)i (3)- (3)03) - C2) )
2o (2] ()0 C5) ()]

(viii) Neighborhood Harmonic entropy of EIDD-2801

If w('wle) = m, then
2
Y Wwwy) = Y ——~———— = NH(T).
wiw2€E(Y) wiws€ B(T) 7(w1) + 7(w2)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood first Zagreb entropy of a graph 1" which is
given by

Eng(T) = log(NH(T)) — N];(T > (M)

wiw2€E(Y)

o | 2
& 7(wy) + 7(ws) |

To obtain this entropy we put the value of NH(Y") from Theorem 6 and
using Table 4, in the following manner:

Eng(Y7)

= log(NH(Y)

2
Z Z (T(uu) +T(w2)>

i=1 wlwgeE

o | 2
& 7(wy) + 7(w2)

o (1607453Y 860360 [1, (1N 1 (1N 4 (2
%%\ 360360 / 1607453 |3 e\3) T2 % \1) T 9 %\
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+210 }—Fllo 1—Fglo 1—i—glo 2 —i—llo !
5 %\5) 75 %®\5) "5 %®\5) 11 ®\11) "6 % \6
—i—glo 2 —i—ll ! —i—zlo 2 —i—glo ! —i—g
13°%\13) T3 %®\6) T3 ®\13) T7T8\7) "7
1 2 1 1
1 —= —lo -1 — =3.14
xog<7>+15 g<15>—|—80g<8>} 3.1496,
(ix) Neighborhood Inverse sum entropy of EIDD-2801

If ¢(’w1WQ) = %, then

Yoo pwws) = Y A LC YT

wlwgeE(T) wl’LUQEE(T) T(wl) + T('LUQ)

Now, the obtained Equation 2 reduced to the following expression and
is called the neighborhood Inverse sum entropy of a graph 1" which is
given by

_ b _T(wi)7T(wa)
Fa) = 1os(NIT)) = Zm (T(w1)+7(w2))

wiwaEE
w log [ T(w1)T(w2)
log (T(un) + T(w2)>.

To obtain this entropy we put the value of NI(7) from Theorem 6 and
using Table 4, in the following manner:

Eni(7)

= log(NI(T)

7(w1)7(w2)
;wlwé (T(wl) +T(w2)>
7(w1)7(w2)
x log (T(w1) + T(UJ2))]
197237\ 3003 [4  /4\ 15 (15
=log ( 3003 > T 197237 [3 log <3> Tplos <8) +4log(2)

+§lo 21 —i—l—zlo 12 +5lo § +% @ —i—ﬁ
5 8\ 10 8\5 &\2) T 11 1) 12
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35 40 42 42 48
xlog<12>+131 (13)+610g(3) 1310g<13>+7

24
x log <7> + 7log <7) + %1 (5§> + 4log(4 )} = 3.1470,

(x) Sanskruti entropy of EIDD-2801

3
1t i) = { 75 hen

3
> vt = Y { ot g,

wiw2€E(T) wiw2€E(T)

Now, the obtained Equation 2 reduced to the following expression and
is called the Sanskruti entropy of a graph 7" which is given by

1 T(w)T(w) )°
Bo() = loe(S() - 5o 2 {
S(7) LT T(wy) + 7(wa) — 2
3

" log{ 7(w1)7(w2) } ‘

7(w1) + 7(wa) — 2
To obtain this entropy we put the value of S(7") from Theorem 6 and

using Table 4, in the following manner:

Es(T)

= log(S(Y

Z 2 {T(wzglil):(gf))_2}3

=1 w1w2€E

3
y log{ 7(w1)7(w2) }
T(wy) + 7(wa) — 2
_ 428161963287795409 _ 433297296432000 310 (8)
- 433297296432000 428161963287795409 &

1251 15\ | 11664, (5832) 0261 (9261 -
%\ 7§ 343 %\ 343 256 &\ 512

15625l (15625) 10001 <1000> 343

log(27
x log(27) + = 512 9 27 8

343 64000 64000 11664 5832 74088
x log + log + log +

8 1331 1331 125 125 1331
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74088 117649 (117649 175616
log [ 220) 4 128 1og(64 1
Og( 1331 ) +1281og(64) + —ge7 < 1728 > 2197
175616 32768 (32768
1 log [ 2222 )| = 4.6380.
. Og( 2197 )+ 343 Og( 343 )]
Od

32 3.0811 3.1017

29877 2.9901 3.035

Neighborhood ~ Third NDe  Nei i Neighborl Nei Nei Neighborhood  Neighborhood  Fifth NDe Sanskruti
Randié entropy  entropy  modified second second Zagreb forgotten inverse su m  Randié Index  harmonic first Zagreb entropy entropy
(a=12) Zagreb entropy  entropy entropy entropy (=112) entropy entropy

Neighborhood degree sum-based entropy

Figure 4: Visual depiction of neighborhood degree sum-based entropy mea-
sures for Molnupiravir.

The graphical demonstration of the considered neighborhood degree sum-
based entropy measures for the drug Molnupiravir are exhibited in Figure 4.
The figure neatly places these entropies in ascending order, showing that the
neighborhood degree sum-based entropies and their associated values are
plotted on the x and y axes, respectively.

Remark 7 Figure 4 signifies that the neighborhood Randié entropy (o =
—1/2) reports the minimum value of 2.9877 and the Sanskruti entropy takes
the mazimum value of 4.6389.

Remark 8 For the drug Molnupiravir T, we observe

e from Theorem 6 that the neighborhood degree sum-based topological
indices maintain the following relationship:

"My < NH < NR_y/5 < ND5 < NI < NRyj5 < NMy < NMy < S
< NF < NDs

and
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e from Figure 4 that the neighborhood degree sum-based entropies main-
tain the following relationship:

ENR_1/2 < E]\/D3 < Ean2 < ENM2 < Enr < Enr < E]\/Rl/2 < Eng
< ENM1 < END5 < Eg.

4 Comparative Evaluation Between the Topologi-
cal Indices and Entropy Measures of Molnupi-
ravir

This section presents a comparative study between degree-based and neigh-
borhood degree sum-based topological indices and their associated entropy
measures of Molnupiravir. The numerical values of each of the classes
of topological indices and the associated entropy measures are tabulated
in Table 5.

Table 5: Numerical values of degree-based and neighborhood degree
sum-based topological indices and their respective entropy measures of
Molnupiravir.

Degree-based Neighborhood Degree Sum-based

Topological Index

Entropy Measures

Topological Index

Entropy Measures

M, = 116 Ear, = 3.1623 NM, = 272 Enar, = 3.1545
M, = 136 B, = 3.0916 NM, = 783 Enng, = 3.0811
"My = 5.1667 By, = 3.0724 ", = 0.9353 Bz, = 3.0350
ReZGs = 704 Ereza, = 3.0211 ND; = 9692 Enp, = 2.9901

R—1/2 = 108454

Eg_,, = 3.1518

NR,l/g = 45774

Enn_, , = 2.9877

Ry/9 = 55.8519 Eg,,, = 3.1544 NRy /o = 133.6166 Eng,,, = 3.1477
F =306 Er =3.1362 NF = 1658 Enp=3.1017
SDD = 58 Espp = 3.1546 NDs = 52.3714 Enp; = 3.4990
H =10.2667 Ey = 3.1606 NH = 4.4607 Eng = 3.1496
15T = 26.9667 Ersr = 3.1443 NI = 65.6799 Eny = 3.1470
AZI = 184.5938 Eazr=3.1026 S = 988.1483 Eg=4.6389

To display a better comparison between degree-based and related neigh-
borhood degree sum-based topological indices of Molnupiravir, we partitioned
the topological indices into two groups based on the range of their numerical
values. These comparison plots of the topological indices of Molnupiravir are
displayed in Figure 5. On the other hand, Figure 6 compares degree-based
and neighborhood degree sum-based entropy measures for Molnupiravir.
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—&— Degree-Based Topological Indices ==#=Neighborhood Degree Sum-Based Topological Indices

300 NM,

250

200

NRl/Z
150 (133.6166)
NI
100 (65.6799) My
(116)
50 "M, H 102 -
(5.1667)  (10.2667) (10.8454) ST 52r\1307514
0 (26.9667) (O>8519)  (52.3714)
1 2 3 4 5 6 7
nmp, NH NR.,
(0.9353)  (4.4607) (4.5774) (a)

Comparison between degree-based topological indices (™ M,, H,
R_y/2, ISI, R 13, SDD and M) and associated neighborhood
degree sum-based topological indices of Molnupiravir.

—-Degree-Based Topological Indices
—a- Neighborhood Degree Sum-Based Topological Indices

12000
10000
8000 : 6%32)
iggg NM S NF
2000 (7832) (988.1483) (1658) -
0 -4 b °
1 2 3 .
M, AZI F ReZG,
(136) (184.5938) (306) (704) (b)

Comparison between degree-based topological indices (M2, AZI,
F and ReZG3) and associated neighborhood degree sum-based
topological indices of Molnupiravir.

Figure 5: Comparison plots of the topological indices of Molnupiravir.

Figure 5 illustrates that there is a difference in the values of degree-based
topological indices and their corresponding neighborhood degree sum-based
topological indices. Figure 6 shows that degree-based and neighborhood
degree sum-based entropy measures yield approximately equal values, except
the entropy measures associated with Randi¢ index (o« = —1/2), symmetric
division degree index and augmented Zagreb index.
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8- Degree-Based Entropy Measures ~—&— Neighborhood Degree Sum-Based Entropy Measures E
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5 (4.6389)
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Figure 6: Comparison between degree-based and associated neighborhood
degree sum-based entropy measures of Molnupiravir.

5 Conclusion

The first oral antiviral medication to show a perceptible reduction in hospital-
ization or mortality in cases of mild COVID-19 is Molnupiravir, which may
prove to be a crucial tool in the fight against SARS-CoV-2. However, further
research is required, as its significance in moderate to severe COVID-19
is debatable. In this work, we addressed the graph entropies associated
with a new information function, based on Shannon’s definition of entropy.
We have evaluated the degree-based entropies and neighborhood degree
sum-based entropies of the hydrogen-suppressed graph structure of the first
oral anti-viral COVID-19 drug Molnupiravir, and shown the relationship
among the different degree-based as well as neighborhood degree sum-based
entropies for the drug. Figures 3 and 4 exhibit the graphical illustrations of
both degree-based and neighborhood degree sum-based entropy measures,
respectively which are arranged in increasing order. Our comparison anal-
ysis reveals that the neighborhood degree sum-based topological indices
differ significantly from their corresponding degree-based topological indices.
Whereas the degree sum-based and neighborhood degree sum-based entropy
measures produce approximately similar numerical values, with the notable
exceptions of Randié¢ entropy (o = —1/2), symmetric division degree entropy
and augmented Zagreb entropy. The entropy measures obtained may aid
researchers in predicting the physicochemical properties of Molnupiravir via
quantitative structure-property relationship (QSPR) analysis for drug design
and development.
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