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Abstract

The statistical analysis of the different versions of the Atom-Bond Con-
nectivity (ABC) Descriptors (indices) are used to infer the drug molecular
structures that are helpful for chemical and medical scientists to find out
the chemical and biological characteristics of drugs. In this article, we
compute and analyze the linear and non linear regression models of the
different versions of ABC indices and their polynomials of some Molecular
structures of COVID-19 drugs.
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1 Introduction

The world is amidst a COVID-19 pandemic. As health agencies cooperate on
the response - following the pandemic, prompting on basic intercessions, ap-
propriating fundamental clinical supplies to those in need they are hustling to
create and send protected and compelling immunizations. Vaccines (Antibod-
ies) save a great many lives every year. Immunizations work via preparing
constantly the body’s defense mechanism– the immune system – to perceive
and fight the infections and microbes they target. After vaccination, if the
body is subsequently presented to those infection causing germs, the body is
promptly prepared to annihilate them, forestalling ailment [1–4]. The liter-
ature shows that a few antiviral drugs like favipiravir, ribavirin, remdesiver,
theaflavin, chloroquine, hydroxychloroquine, lopinavir, ritonavir, Thalodomide,
arbidol, histadine, and 2-phenoxyehanol are examined to restrain the infection
and transmission of the 2019-nCoV in vitro and along these lines acquired the
idealistic outcomes. In last quarter of 2020 Pfizer and Bharat Biotech started
working on covid shield and covaxin respectively. These drugs have shown a
positive impact on the recovery of Covid-19 affected patients clinically. The
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ingredients of covid shield vaccine are L-Histidine, L-Histidine hydrochloride
monohydrate, Magnesium chloride hexahydrate, Polycarbonate 80, Ethanol,
Sucrose, Sodium chloride, Disodium edetate dihydrate and water for injection.
The ingredients of covaxin are 64g of whole-virion inactivated SARS-CoV-2
antigen(Strain:NIV-2020-770) and the other inactive ingredients such as alu-
minium hydroxide gel(250mg), TLR 7/8 agonist(imida20-quinolinone) 15mg,
2-phenoxyethanol 2.5mg and phosphate buffer saline upto 0.5ml.

Recently, Chaluvaraju et al [5], has showed that different versions of ABC in-
dices have a good correlation with EC50 and IC50 inhibitors.
Graph polynomials were first introduced by J.J. Sylvester in 1878, and fur-
ther studied by J. Petersen. Graph polynomials were developed to study the
structural information of molecular graphs. The degree and distance based
polynomials provides the information about topological indices. In this article,
different types of atom bond connectivity polynomials associated with atom
bond connectivity indices have been discussed for the molecular graphs of the
drugs.

Let G = (V,E) be a simple connected graph with vertex set V (G) and edge set
E(G). A molecular graph is a graph such that its vertices correspond to the
atoms and the edges to the bonds. Then the chemical structure of the drug can
be expressed by a molecular graph, which is a model used to describe a synthetic
compound. The degree (or, valency) d(u) of a vertex u is the number of vertices
adjacent to u. For all further notions and terminologies, we refer to [6–9].
A molecular descriptor focuses on the numerical portrayal of a molecular struc-
ture as totally as conceivable Molecular connectivity indices are the most gener-
ally utilized molecular descriptors. These molecular meters, are known as graph
invariants because of their definitions from the ideas of the graph theory and
are more generally referred to as topological indices as they depict the topology
of a molecule. Numerous such descriptors have been considered in theoretical
chemistry and have found some applications, especially in QSPR/QSAR/QSTR
research [10–24].

2 Different Versions of the ABC indices

A few graph invariants discovered applications are at present utilized in chemical
sciences, pharmacology, environmental sciences. One of these is the atom bond
connectivity index (or ABC index for short). ithABC index of a molecular
graph is given by

f(xi, yi) =

k∑
j=1

√
xi + yi − 2

xiyi

If i = 1, then f(x1, y1) = ABC1(G), where x1 = d(u) is the degree of atom
u and y1 = d(v) is the degree of atom v. For a connected graph G the atom-
bond connectivity index is introduced by Estrada et. al., [25]. If i = 2, then
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f(x2, y2) = ABC2(G), where x2 = n(u) is the number of vertices of G whose
distance to the vertex u is smaller than the distance to the vertex v and y2 =
n(v). Graovac and Ghorbani [26] defined the second atom bond connectivity
index of G. If i = 3, then f(x3, y3) = ABC3(G), where x3 = m(u) is the number
of edges of G whose distance to the vertex u is smaller than the distance to
the vertex v and y3 = m(v). Farahani [27] introduced the third atom bond
connectivity index. If i = 4, then f(x4, y4) = ABC4(G), where x4 = s(u) is
the sum of the degrees of all neighbors of the vertex u in G and y5 = ε(v)
and y4 = s(v). Ghorbani [28] defined the fourth atom-connectivity index of
(G). If i = 5, then f(x5, y5) = ABC5(G), where x5 = ε(u) is the maximum
distance between u and any other vertex of G and is known as the eccentricity
of the vertex u. Farahani [29] introduced the fifth atom bond connectivity
index in terms of the eccentricity of the vertex and it is also known as eccentric
atom bond connectivity index of G. If i = 6, then f(x6, y6) = ABC6(G),
where x6 = d2(u) is the 2-distance of the vertex u in G is the number of 2-
neighbors ( i.e., N2(u) = {v ∈ V : d(u, v) = 2}) of u in G and y6 = d2(v).
Kulli [30] introduced the sixth atom bond connectivity index (or, Leaf atom
bond connectivity index).

The ABC polynomial of a graph is given by ABCi(G, x) =
k∑

j=1

x

√
xi+yi−2

xiyi .

3 Molecular structures and bond partitions

The chemical structures along with their molecular graphs are shown in the
Figure 1 which includes (G1, G2, G3, G4, G5, G6) and Figure 2 which includes
(G7, G8,G9, G10, G11, G12). For more details, we refer to [2,3,5,17–20,23,24,52].

Favipiravir:
Favipiravir is a pyrazinecarboxamide derivative with activity against RNA viruses.
Favipiravir is converted to the ribofuranosyltriphosphate derivative by host en-
zymes and selectively inhibits the influenza viral RNA-dependent RNA poly-
merase. Let G1 be the molecular graph of Favipiravir (Figure 1). The molecular
graph has 11 atoms (vertices) and 11 bonds (edges). For more detail, one can
refer to [40–42]. its bond partitions are given as follows: The Bond partitions
of G1 for ABC1 are given by P(1,3) = 4, P(2,2) = 1, P(2,3) = 4, P(3,3) = 2. The
Bond partitions of G1 for ABC2 are given by P(1,9) = 4, P(2,7) = 1, P(3,6) = 6.
The Bond partitions of G1 for ABC3 are given by P(1,10) = 4, P(2,8) = 1,
P(3,6) = 6. The Bond partitions of G1 for ABC4 are given by P(3,5) = 3,
P(3,6) = 1, P(5,5) = 2, P(5,6) = 2, P(5,8) = 1, P(6,8) = 2. The Bond partitions
of G1 for ABC5 are given by P(3,3) = 1, P(3,4) = 3, P(4,4) = 1, P(4,5) = 6. The
Bond partitions of G1 for ABC6 are given by P(2,2) = 3, P(2,3) = 2, P(2,4) = 1,
P(2,5) = 1, P(3,3) = 2, P(3,5) = 1, P(4,5) = 1.
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Figure 1: Chemical structures and their molecular graphs of
G1, G2, G3, G4, G5, G6
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Figure 2: Chemicalstructures and their molecular graphs of
G7, G8, G9, G10, G11, G12

Ribavirin:
Ribavirin is a nucleoside analogue and antiviral agent used in therapy of chronic
hepatitis C and other flavivirus infections. Ribavirin has not been associated
with clinically apparent liver injury. Let G2 be the molecular graph of Ribavirin
(Figure 1). The molecular graph has 17 atoms (vertices) and 18 bonds (edges).
For more detail, see [43,44].
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The Bond partitions of G2 for ABC1 are given by P(1,2) = 1, P(1,3) = 4,
P(2,2) = 1, P(2,3) = 7, P(3,3) = 5. The Bond partitions of G2 for ABC2 are
given by P(1,4) = 1, P(1,10) = 1, P(1,14) = 1, P(1,15) = 5, P(2,3) = 1, P(2,13) = 1,
P(3,9) = 1, P(3,10) = 1, P(4,9) = 1, P(4,10) = 3, P(4,11) = 1, P(7,8) = 1. The
Bond partitions of G2 for ABC3 are given by P(1,16) = 1, P(1,17) = 5, P(2,5) = 1,
P(2,12) = 1, P(2,15) = 1, P(4,4) = 1, P(4,11) = 1, P(4,12) = 1, P(5,11) = 1,
P(5,12) = 4, P(8,9) = 1. The Bond partitions of G2 for ABC4 are given by
P(2,4) = 1, P(3,5) = 2, P(3,7) = 2, P(4,7) = 1, P(5,5) = 1, P(5,7) = 3, P(6,7) = 3,
P(6,8) = 1, P(7,7) = 2, P(7,8) = 2. The Bond partitions of G2 for ABC5 are
given by P(5,5) = 1, P(5,6) = 4, P(6,7) = 6, P(7,7) = 2, P(7,8) = 3, P(8,9) = 3. The
Bond partitions of G2 for ABC6 are given by P(1,2) = 1, P(2,2) = 2, P(2,4) = 4,
P(3,3) = 1, P(3,4) = 2, P(4,4) = 5, P(4,5) = 3.

Remdesivir:
Remdesivir is an antiviral nucleotide analogue used for therapy of severe novel
coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syn-
drome (SARS) coronavirus 2 (CoV-2) infection. Remdesivir therapy is given
intravenously for 5 to 10 days and is frequently accompanied by transient, re-
versible mild-to-moderate elevations in serum aminotransferase levels but has
been only rarely linked to instances of clinically apparent liver injury, its hepatic
effects being overshadowed by the systemic effects of COVID-19. Let G3 be the
molecular graph of Remdesivir (Figure 1). The molecular graph has 41 atoms
(vertices) and 44 bonds (edges). For more detail, see [45,46].

The Bond partitions of G3 for ABC1 are given by P(1,2) = 2, P(1,3) = 5,
P(1,4) = 2,P(2,2) = 9, P(2,3) = 14, P(2,4) = 4, P(3,3) = 6, P(3,4) = 2. The
Bond partitions of G3 for ABC2 are given by P(1,6) = 1, P(1,34) = 1, P(1,38) = 2,
P(1,39) = 9, P(2,37) = 8, P(3,12) = 1, P(3,23) = 1, P(3,36) = 2, P(4,32) = 1,
P(4,33) = 1, P(4,34) = 1, P(4,35) = 1, P(5,34) = 2, P(6,32) = 1, P(6,33) = 2,
P(8,31) = 1, P(9,30) = 1, P(10,29) = 1, P(11,28) = 1, P(12,24) = 1, P(13,24) = 1,
P(13,25) = 1, P(17,22) = 1, P(18,21) = 1, P(19,20) = 1. The Bond partitions of
G3 for ABC3 are given by P(1,42) = 2, P(1,43) = 9, P(2,8) = 1, P(2,32) = 1,
P(2,40) = 2, P(2,41) = 6, P(3,39) = 2, P(4,15) = 1, P(4,26) = 1, P(4,39) = 1,
P(5,37) = 2, P(5,38) = 1, P(6,35) = 1, P(6,37) = 2, P(7,36) = 1, P(8,35) = 2,
P(10,33) = 1, P(11,32) = 2, P(15,27) = 1, P(16,26) = 1, P(16,27) = 1, P(20,23) = 1,
P(21,22) = 2. The Bond partitions of G3 for ABC4 are given by P(2,4) = 2,
P(3,6) = 3, P(3,7) = 1, P(3,8) = 1, P(4,4) = 2, P(4,5) = 4, P(4,6) = 2, P(4,7) = 1,
P(4,9) = 1, P(5,5) = 2, P(5,6) = 6, P(5,7) = 1, P(5,8) = 2, P(5,9) = 1, P(6,6) = 1,
P(6,7) = 3, P(6,8) = 1, P(7,7) = 4, P(7,8) = 1, P(7,9) = 1, P(8,8) = 1, P(8,9) = 2,
P(9,9) = 1. The Bond partitions of G3 for ABC5 are given by P(9,10) = 2,
P(10,11) = 4, P(11,12) = 4, P(12,13) = 7, P(13,13) = 1, P(13,14) = 7, P(14,15) = 5,
P(15,16) = 4, P(16,16) = 1, P(16,17) = 4, P(17,18) = 5. The Bond partitions of G3

for ABC6 are given by P(1,2) = 2, P(2,2) = 3, P(2,3) = 10, P(2,4) = 1, P(2,5) = 1,
P(3,3) = 7, P(3,4) = 3, P(3,5) = 8, P(3,6) = 1, P(4,4) = 1, P(4,5) = 2, P(5,5) = 3,
P(5,6) = 2.
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Theaflavin:
Theaflavin is a biflavonoid that is 3,4,5-trihydroxybenzocyclohepten-6-one which
is substituted at positions 1 and 8 by (2R,3R)-3,5,7-trihydroxy-3,4-dihydro-2H-
chromen-2-yl groups. It is the main red pigment in black tea. It has a role as an
antioxidant, a chelator, a plant metabolite, a radiation protective agent and an
antibacterial agent. It is a polyphenol and a biflavonoid. G4 be the molecular
graph of Theaflavin (Figure 4). The molecular graph has 41 atoms (vertices)
and 46 bonds (edges). For more detail, see [47, 48]. The Bond partitions of
G4 for ABC1 are given by P(1,3) = 10, P(2,3) = 22, P(3,3) = 14. The Bond
partitions of G4 for ABC2 are given by P(1,40) = 10, P(3,36) = 5, P(4,21) = 1,
P(4,30) = 1, P(4,35) = 6, P(6,33) = 5, P(8,15) = 1, P(8,30) = 2, P(8,31) = 8,
P(12,27) = 2, P(15,22) = 1, P(16,21) = 1, P(16,22) = 1, P(16,23) = 2. The Bond
partitions of G4 for ABC3 are given by P(1,45) = 10, P(3,41) = 5, P(4,40) = 5,
P(5,24) = 1, P(5,35) = 1, P(6,37) = 5, P(8,36) = 1, P(9,35) = 9, P(10,18) = 1,
P(13,32) = 1, P(14,30) = 1, P(14,31) = 1, P(17,26) = 1, P(17,27) = 1, P(18,25) = 1,
P(19,24) = 1, P(19,26) = 1. The Bond partitions of G4 for ABC4 are given by
P(3,5) = 2, P(3,6) = 6, P(3,7) = 2, P(5,6) = 4, P(6,6) = 6, P(6,7) = 8, P(6,8) = 10,
P(7,8) = 3, P(7,8) = 3, P(7,9) = 2, P(8,8) = 2, P(8,9) = 1. The Bond partitions
of G4 for ABC5 are given by P(8,8) = 1, P(8,9) = 3, P(9,9) = 1, P(9,10) = 7,
P(10,10) = 1, P(10,11) = 8, P(11,12) = 6, P(11,13) = 1, P(12,13) = 6, P(13,14) = 4,
P(14,15) = 5. The Bond partitions of G4 for ABC6 are given by P(2,2) = 2,
P(2,3) = 6, P(2,4) = 6, P(3,4) = 8, P(3,5) = 4, P(4,4) = 6, P(4,5) = 9, P(4,6) = 2,
P(5,5) = 2, P(5,6) = 1.

Chloroquine:
Chloroquine is an aminoquinoline used for the prevention and therapy of malaria.
It is also effective in extraintestinal amebiasis and as an antiinflammatory agent
for therapy of rheumatoid arthritis and lupus erythematosus. Chloroquine is
not associated with serum enzyme elevations and is an extremely rare cause of
clinically apparent acute liver injury. G5 be the molecular graph of Chloroquine
(Figure 2). The molecular graph has 22 atoms (vertices) and 23 bonds (edges).
For more detail, see [49, 50, 53]. Bond partitions of G5 for ABC1 are given by
P(1,2) = 2, P(1,3) = 2, P(2,2) = 5, P(2,3) = 12, P(3,3) = 2. Bond partitions of
G5 for ABC2 are given by P(1,19) = 2, P(1,20) = 4, P(2,18) = 2, P(3,17) = 4,
P(4,16) = 2, P(5,15) = 4, P(6,14) = 1, P(7,13) = 3, P(9,11) = 1, P(10,10) = 1.
The Bond partitions of G5 for ABC3 are given by P(1,21) = 2, P(1,22) = 4,
P(2,19) = 1, P(3,18) = 4, P(4,17) = 1, P(5,15) = 3, P(5,16) = 1, P(6,15) = 1,
P(7,14) = 2, P(8,13) = 1, P(9,13) = 1, P(10,12) = 1. The Bond partitions of G5

for ABC4 are given by P(2,4) = 2, P(3,5) = 2, P(4,5) = 4, P(4,6) = 2, P(5,5) = 3,
P(5,6) = 3, P(5,7) = 2, P(5,8) = 1, P(6,7) = 2, P(7,8) = 2. The Bond partitions
of G5 for ABC5 are given by P(7,7) = 1, P(7,8) = 3, P(8,9) = 3, P(9,10) = 4,
P(10,11) = 5, P(11,12) = 4, P(12,13) = 3. The Bond partitions of G5 for ABC6

are given by P(1,2) = 2, P(2,2) = 2, P(2,3) = 8, P(2,4) = 1, P(3,3) = 2, P(3,4) = 3,
P(3,5) = 1, P(4,4) = 2, P(4,5) = 2.

Hydroxychloroquine:
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Hydroxychloroquine is a derivative of chloroquine that has both antimalarial
and antiinflammatory activities and is now most often used as an antirheuma-
tologic agent in systemic lupus erythematosis and rheumatoid arthritis. Hydrox-
ychloroquine therapy has not been associated with liver function abnormalities
and is an extremely rare cause of clinically apparent acute liver injury. G6 be
the molecular graph of Hydroxychloroquine (Figure 2). The molecular graph
has 23 atoms (vertices) and 24 bonds (edges). For more detail, see [51,53].
Bond partitions of G6 for ABC1 are given by P(1,2) = 2, P(1,3) = 2,P(2,2) = 6,
P(2,3) = 12, P(3,3) = 2. Bond partitions of G6 for ABC2 are given by P(1,20) = 2,
P(1,21) = 4, P(2,19) = 3, P(3,18) = 4, P(5,16) = 4, P(6,15) = 1,P(7,14) = 3,
P(10,11) = 2, P(8,13) = 1. Bond partitions of G6 for ABC3 are given by
P(1,22) = 2, P(1,23) = 4, P(2,20) = 2, P(2,21) = 1, P(3,19) = 4, P(5,16) = 3,
P(5,17) = 1, P(6,16) = 1, P(7,15) = 1, P(8,14) = 3, P(10,13) = 1, P(11,12) = 1.
Bond partitions of G6 for ABC4 are given by P(2,3) = 1, P(2,4) = 1, P(3,5) = 3,
P(4,5) = 4, P(4,6) = 1, P(5,5) = 3, P(5,6) = 4, P(5,7) = 2, P(5,8) = 1, P(6,7) = 2,
P(7,8) = 2. Bond partitions of G6 for ABC5 are given by P(7,8) = 3, P(8,9) = 2,
P(9,10) = 3, P(10,11) = 4, P(11,12) = 6, P(12,13) = 4, P(13,14) = 2. Bond partitions
of G6 for ABC6 are given by P(1,1) = 1, P(1,2) = 1, P(1,3) = 1, P(2,2) = 2,
P(2,3) = 8, P(2,4) = 1, P(3,3) = 2, P(3,4) = 3, P(3,5) = 1, P(4,4) = 2, P(4,5) = 2.

Lopinavir:
Lopinavir is a peptidomimetic HIV protease inhibitor that retains activity against
HIV protease with the Val 82 mutation. Lopinavir is less affected by binding to
serum proteins than the structurally-related drug ritonavir. G7 be the molecu-
lar graph of Lopinavir (Figure 2). The molecular graph has 46 atoms (vertices)
and 49 bonds (edges). For more detail, see [31, 53]. The Bond partitions of G7

for ABC1 are given by P(1,3) = 8, P(2,2) = 14, P(2,3) = 20,P(3,3) = 7. Bond
partitions of G7 for ABC2 are given by P(1,44) = 8, P(2,42) = 20, P(3,41) = 5,
P(5,39) = 2, P(6,38) = 3, P(7,37) = 1, P(8,36) = 1, P(9,35) = 1, P(10,34) = 2,
P(11,33) = 1, P(12,32) = 1, P(13,31) = 1, P(20,24) = 1, P(21,23) = 1, P(22,22) = 1.
Bond partitions of G7 for ABC3 are given by P(1,48) = 8, P(2,45) = 21, P(3,44) =
4, P(6,42) = 2, P(7,41) = 3, P(8,40) = 1, P(9,39) = 1, P(10,38) = 1, P(11,37) = 1,
P(12,36) = 1, P(13,35) = 2, P(14,34) = 1, P(22,26) = 1, P(24,24) = 1, P(25,23) = 1.
Bond partitions of G7 for ABC4 are given by P(3,5) = 3, P(3,6) = 6, P(4,4) = 5,
P(4,5) = 8, P(5,5) = 2, P(5,6) = 7, P(5,8) = 2, P(5,9) = 1, P(6,6) = 7, P(6,7) = 3,
P(6,8) = 3, P(6,9) = 1, P(8,9) = 1. Bond partitions of G7 for ABC5 are given
by P(9,10) = 3, P(10,11) = 3, P(11,12) = 4, P(12,13) = 6, P(13,14) = 7, P(14,15) = 7
P(15,16) = 8, P(16,17) = 7, P(17,18) = 4. Bond partitions of G7 for ABC6 are
given by P(2,2) = 8, P(2,3) = 14, P(2,4) = 1, P(2,6) = 1, P(3,3) = 8, P(3,4) = 8,
P(3,5) = 5, P(3,6) = 1, P(4,4) = 2, P(5,6) = 1.

Arbidol:
Arbidol is an orally bioavailable indole derivative, with broad-spectrum antiviral
and potential anti-inflammatory activities. Upon oral administration, Arbidol
inhibits the fusion of the viral envelope with host cell membrane, thereby block-
ing the entry of virus into host cells and preventing viral infection and replica-
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tion. Arbidol may also suppress the expression of the cytokines interleukin-1beta
(IL-1b), IL-6, IL-12 and tumor necrosis factor-alpha (TNF-a) and promote the
expression of IL-10. This may reduce inflammation. G8 be the molecular graph
of Arbidol (Figure 3). The molecular graph has 29 atoms (vertices) and 31
bonds (edges). For more detail, see [36,53].

Bond partitions of G8 for ABC1 are given by P(1,2) = 1, P(1,3) = 6,P(2,2) = 6,
P(2,3) = 9, P(3,3) = 9. Bond partitions of G8 for ABC2 are given by P(1,26) = 1,
P(1,27) = 7, P(2,25) = 8, P(3,24) = 1, P(4,23) = 3, P(5,13) = 2,P(5,22) = 1,
P(6,21) = 1, P(7,20) = 1, P(8,19) = 2, P(10,11) = 1, P(10,16) = 1, P(11,14) = 2. Bond
partitions of G8 for ABC3 are given by P(1,29) = 1, P(1,30) = 7, P(2,27) = 6,
P(2,28) = 2, P(3,27) = 1, P(4,25) = 2, P(4,26) = 1. P(5,24) = 1, P(6,14) = 2,
P(6,24) = 1, P(7,16) = 1, P(7,23) = 1, P(8,21) = 2, P(8,22) = 1, P(12,13) = 1,
P(12,14) = 1. Bond partitions of G8 for ABC4 are given by P(2,3) = 1, P(3,4) = 2,
P(3,5) = 1, P(3,6) = 2, P(3,7) = 2, P(4,4) = 2, P(4,5) = 2, P(4,6) = 1, P(5,5) = 1,
P(5,6) = 4, P(5,8) = 1, P(6,6) = 1, P(6,7) = 1, P(6,8) = 2, P(6,9) = 1, P(7,8) = 3,
P(8,9) = 3, P(9,9) = 1. Bond partitions of G8 for ABC5 are given by P(6,7) = 3,
P(7,8) = 5, P(8,8) = 1, P(8,9) = 5, P(9,10) = 6, P(10,10) = 1, P(10,11) = 6,
P(11,12) = 4. Bond partitions of G8 for ABC6 are given by P(1,1) = 1, P(1,2) = 2,
P(1,3) = 1, P(1,4) = 1, P(2,2) = 2, P(2,3) = 4, P(2,4) = 2, P(3,3) = 5, P(3,4) = 2,
P(3,5) = 1, P(3,6) = 1, P(4,5) = 5, P(5,6) = 3, P(6,6) = 1.

Ritonavir:
Ritonavir is a peptidomimetic agent that inhibits both HIV-1 and HIV-2 pro-
teases. Ritonavir is highly inhibited by serum proteins but boosts the effect of
other HIV proteases by blocking their degradation by cytochrome P450. G9 be
the molecular graph of Ritonavir (Figure 3). The molecular graph has 50 atoms
(vertices) and 53 bonds (edges). For more detail, see [31,53].
Bond partitions of G9 for ABC1 are given by P(1,3) = 9, P(2,2) = 16, P(2,3) = 23,
P(3,3) = 5. Bond partitions of G9 for ABC2 are given by P(1,1) = 1, P(1,4) = 1,
P(1,43) = 5, P(1,46) = 9, P(1,48) = 14, P(2,46) = 1, P(4,44) = 2, P(5,43) = 3,
P(6,42) = 3, P(7,41) = 1, P(8,40) = 2, P(9,39) = 1, P(10,38) = 1, P(12,36) = 1,
P(13,35) = 1, P(17,31) = 2, P(19,29) = 2, P(20,28) = 2. Bond partitions of G9 for
ABC3 are given by P(1,52) = 9, P(2,2) = 1, P(2,5) = 1, P(2,47) = 1, P(2,50) = 18,
P(5,46) = 1, P(5,47) = 3, P(6,46) = 3, P(7,45) = 3, P(8,44) = 1, P(9,41) = 1,
P(9,43) = 1, P(10,42) = 1, P(11,41) = 1, P(13,39) = 1, P(14,38) = 1, P(18,34) = 1,
P(20,32) = 2, P(21,31) = 2, P(22,30) = 1. Bond partitions of G9 for ABC4 are
given by P(3,5) = 5, P(3,6) = 4, P(4,4) = 5, P(4,5) = 6, P(5,5) = 3, P(5,6) = 10,
P(5,7) = 3, P(5,8) = 1, P(6,6) = 11, P(6,7) = 3, P(6,8) = 2. Bond partitions of
G9 for ABC5 are given by P(11,12) = 2, P(12,13) = 4, P(13,14) = 4, P(14,15) = 7,
P(15,16) = 6, P(16,17) = 6,P(17,18) = 5, P(18,19) = 5, P(19,20) = 5, P(20,20) = 1,
P(20,21) = 3, P(21,22) = 4P(22,22) = 1. Bond partitions of G9 for ABC6 are given
by P(2,2) = 10, P(2,3) = 11, P(2,4) = 2, P(2,5) = 1, P(3,3) = 12, P(3,4) = 13,
P(3,5) = 1, P(4,4) = 2, P(4,5) = 1.

Thalidomide:
Thalidomide and its analogue lenalidomide are immunomodulatory and antineo-
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plastic agents that are used in the therapy of multiple myeloma. Both agents are
associated with a low rate of serum aminotransferase elevations during therapy
and both have been implicated in causing rare instances of clinically apparent
liver injury which can be severe. G10 be the molecular graph of Thalidomide
(Figure 1). The molecular graph has 19 atoms (vertices) and 21 bonds (edges).
For more detail, see [37, 53]. Bond partitions of G10 for ABC1 are given by
P(1,3) = 4, P(2,2) = 4, P(2,3) = 6, P(3,3) = 7. Bond partitions of G10 for ABC2

are given by P(1,17) = 4, P(2,15) = 4, P(3,14) = 5, P(4,4) = 2, P(4,13) = 1,
P(5,10) = 2, P(6,10) = 2, P(7,10) = 1. Bond partitions of G4 for ABC10 are given
by P(1,20) = 4, P(2,17) = 4, P(3,16) = 4, P(4,15) = 2, P(5,5) = 2, P(5,13) = 1,
P(6,12) = 1, P(8,12) = 1, P(7,12) = 2. Bond partitions of G10 for ABC4 are given
by P(3,5) = 1, P(3,6) = 1, P(3,7) = 2, P(4,4) = 1, P(4,5) = 2, P(5,5) = 2, P(5,6) = 1,
P(5,8) = 3, P(6,6) = 1, P(6,8) = 1, P(7,8) = 2, P(7,9) = 2, P(8,8) = 1, P(8,9) = 1.
Bond partitions of G10 for ABC5 are given by P(5,5) = 1, P(5,6) = 4, P(6,7) = 7,
P(7,7) = 1, P(7,8) = 4, P(8,9) = 3, P(9,9) = 1. Bond partitions of G10 for ABC6

are given by P(2,2) = 2, P(2,3) = 4, P(2,4) = 3, P(3,3) = 1, P(3,4) = 1, P(3,5) = 4,
P(4,5) = 2, P(4,6) = 2, P(5,5) = 1, P(5,6) = 1.

Histidine:
L-histidine is the L-enantiomer of the amino acid histidine. It has a role as a
nutraceutical, a micronutrient, a Saccharomyces cerevisiae metabolite, an Es-
cherichia coli metabolite, a human metabolite, an algal metabolite and a mouse
metabolite. It is a proteinogenic amino acid, a histidine and a L-alpha-amino
acid. It is a conjugate base of a L-histidinium(1+). It is a conjugate acid of
a L-histidinate(1-). It is an enantiomer of a D-histidine. It is a tautomer of a
L-histidine zwitterion. G11 be the molecular graph of Histidine (Figure 3). The
molecular graph has 15 atoms (vertices) and 15 bonds (edges). For more detail,
see [38,53]. Bond partitions of G11 for ABC1 are given by P(1,2) = 1, P(1,3) = 4,
P(2,2) = 2, P(2,3) = 5, P(3,3) = 3. Bond partitions of G11 for ABC2 are given
by P(1,2) = 1, P(1,10) = 1, P(1,11) = 2, P(1,12) = 1, P(1,13) = 5, P(2,9) = 1,
P(2,11) = 1, P(3,10) = 1, P(6,7) = 1, P(5,8) = 1. Bond partitions of G11 for
ABC3 are given by P(1,13) = 1, P(1,14) = 5, P(2,3) = 1, P(2,11) = 2, P(2,12) = 1,
P(3,11) = 2, P(6,8) = 1, P(7,7) = 1, P(5,9) = 1. Bond partitions of G11 for ABC4

are given by P(2,4) = 1, P(3,5) = 2, P(3,6) = 2, P(4,5) = 2, P(4,6) = 1, P(5,6) = 1,
P(5,7) = 1, P(5,8) = 1, P(6,7) = 2, P(6,8) = 2. Bond partitions of G11 for ABC5

are given by P(4,4) = 1, P(4,5) = 3, P(5,6) = 6, P(6,7) = 4, P(7,7) = 1. Bond parti-
tions of G11 for ABC6 are given by P(1,2) = 1, P(2,2) = 2, P(2,3) = 5, P(2,4) = 1,
P(3,3) = 1, P(3,4) = 3, P(4,4) = 2.

2-Phenoxyethanol:
Phenoxyethanol is a colorless liquid with a pleasant odor. It is a glycol ether
used as a perfume fixative, insect repellent, antiseptic, solvent, preservative,
and also as an anesthetic in fish aquaculture. Phenoxyethanol is an ether al-
cohol with aromatic properties. It is both naturally found and manufactured
synthetically. Demonstrating antimicrobial ability, phenoxyethanol acts as an
effective preservative in pharmaceuticals, cosmetics and lubricants. G12 be the
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molecular graph of 2-Phenoxyethanol (Figure 3). The molecular graph has 11
atoms (vertices) and 11 bonds (edges). For more detail, see [39,53].

Bond partitions of G12 for ABC1 are given by P(1,2) = 1, P(2,2) = 7, P(2,3) =
3. Bond partitions of G12 for ABC2 are given by P(1,8) = 1, P(1,9) = 1, P(2,7) =
7, P(3,6) = 1, P(4,5) = 1. Bond partitions of G12 for ABC3 are given by P(1,9) =
1, P(1,10) = 1, P(2,7) = 6, P(2,8) = 1, P(3,7) = 1, P(4,6) = 1. Bond partitions
of G12 for ABC4 are given by P(2,3) = 1, P(3,4) = 1, P(4,4) = 3, P(4,5) = 3,
P(5,6) = 3. Bond partitions of G12 for ABC5 are given by P(4,5) = 2, P(5,6) = 3,
P(6,7) = 3, P(7,8) = 3. Bond partitions of G6 for ABC6 are given by P(1,1) = 1,
P(1,2) = 1, P(2,2) = 3, P(2,3) = 3, P(3,3) = 3.
From the above bond partition, the computation of ABCi can be done for the
molecular graphs.

4 Computational methods

This section provides the computational results of ABC indices and polynomials
of the molecular structures. From the bond partitions of Favipiravir the ABC
indices and polynomials are obtained as shown below:

ABC1(G1) =

k∑
j=1

√
d(u) + d(v)− 2

d(u)d(v)

= 8

√
1 + 3− 2

3
+ 14

√
2 + 2− 2

4
+ 20

√
2 + 3− 2

6
+ 7

√
3 + 3− 2

9

= 8.13485

ABC2(G1) =
∑

uv∈E(G)

√
n(u) + n(v)− 2

n(u).n(v)
= 8.22

ABC3(G1) =
∑

uv∈E(G)

√
m(u) +m(v)− 2

m(u).m(v)
= 8.2435

ABC4(G1) =
∑

uv∈E(G)

√
s(u) + s(v)− 2

s(u).s(v)
= 6.2722

ABC5(G1) =
∑

uv∈E(G)

√
e(u) + e(v)− 2

e(u).e(v)
= 6.76518

ABC6(G1) =
∑

uv∈E(G)

√
d2(u) + d2(v)− 2

d2(u).d2(v)
= 7.50714
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The ABC polynomials of a graph G1 is

ABCi(G, x) =

k∑
j=1

x

√
xi+yi−2

xiyi

ABC1(G1, x) = 4x
√

2
3 + x

√
2
4 + 4x

√
3
6 + 2x

√
4
9

= 4x
√

2
3 + 5x

1√
2 + 2x

2
3

ABC2(G1, x) = 4x
2
√

2
3 + x

1√
2 + 6x

√
7

3
√

2

ABC3(G1, x) = 4x
3√
10 + x

1√
2 + 6x

√
7

3
√

2

ABC4(G1, x) = 3x
√

2
5 + x

√
7

3
√

2 + 2x
2
√

2
5 + 2x

3√
30 + x

√
11

2
√

10 + 2x
1
2

ABC5(G1, x) = x
2
3 + 3x

√
5

2
√

3 + x
√

6
4 + 6x

√
7

2
√

5

ABC6(G1, x) = 7x
1√
2 + 2x

2
3 + x

√
2
5 + x

√
7

2
√

5

Similarly, we obtain the ABC indices and polynomials for the remaining molec-
ular graphs. for convenience, the computed values of ABC indices and Polyno-
mial expressions of remaining graphs are represented in the Table format.

Molecular
graphs

ABC2

Descriptor
ABC2 polynomials

G1 8.22 4x
2
√

2
3 + x

1√
2 + 6x

√
7

3
√

2

G2 13.4584
x
√

3
2 + x

3√
10 + x

√
13
14 + 5x

√
14
15 + 2x

1√
2 + x

√
10

3
√

3

+x
√

11
30 + x

√
11
6 + 3x

√
3
10 + x

√
13

2
√

11 + x
√

13
56

G3 28.0076
x
√

5
6 + x

√
33
34 + 2x

√
37
38 + 9x

√
38
39 + 8x

√
37
74 + x

√
13
6 + x

2
√

6√
69 +2x

√
37

6
√

3 + x
√

34

8
√

2 + x
√

35

2
√

33 + x
3√
34 + x

√
37

2
√

35 + x
√

37
170 +x

3
4
√

3 + 2x
√

37

3
√

22

+x
√

37

2
√

62 + x
√

37

3
√

30 + x
√

37
290 + x

√
37

2
√

77 +x
√

17
12 + x

√
35

2
√

78 + x
6

5
√

13 + x
√

37
374 + x

√
37

3
√

42 + x
√

37

2
√

95

G4 25.6476
10x

√
39

2
√

10 + 5x
√

37

6
√

3 + x
√

23

2
√

21 + x
2√
15 + 6x

√
37

2
√

35 + 5x
√

37

3
√

22 + x
√

21

2
√

30

+2x
3

2
√

15 + 8x
√

37

2
√

62 + 2x
√

37
18 + x

√
35
330 + x

√
35

4
√

21 + x
3

2
√

22 + 2x
√

37

4
√

23

G5 14.7737 2x
3
√

2√
19 + 4x

√
19

2
√

5 + 2x
1√
2 + 4x

3
√

2√
51 + x

3
√

2
8 +4x

√
6

5 + x
3√
42 + 3x

3
√

2√
91 + x

√
2
11 + x

3
√

2
10

G6 15.3984 2x
√

19

2
√

5 + 4x
2
√

5√
21 + 3x

1√
2 + 4x

√
19

3
√

6 + 4x
√

19

4
√

5 + 3x
√

19

3
√

10 + 2x
√

19

7
√

2 + x
√

19
110 + x

√
19

2
√

26

G7 30.9199
8x

√
43

2
√

11 + 20x
√

42

2
√

21 + 5x
√

42
123 + 2x

√
42
195 + 3x

√
42

2
√

57 +x
√

42
259 + x

√
42

12
√

2 + x
√

42

3
√

35 + 2x
√

42

2
√

85

+x
√

42

11
√

3 +x
√

42

8
√

6 + x
√

42
403 + x

√
42

4
√

30 + x
√

42
483 + x

√
42

22

G8 20.3836
x

5√
26 + 7x

√
26

3
√

3 + 8x
1√
2 + x

5
6
√

2 + 3x
5

2
√

23 + 2x
4√
65 +x

5√
110 + x

5
3
√

14

+x
5

2
√

35 + 2x
5

2
√

38 +x
√

19
110 + x

√
15

10 + 2x
√

23
154

G9 38.7279
1 + x

√
3
4 + 5x

√
42
43 + 9x

3
√

5√
46 + 14x

√
47

4
√

3 + x
√

46

2
√

23 + x
3
√

5

2
√

43

+2x
√

46

4
√

11 + 3x
√

46
215 + 3x

√
46

6
√

7 + x
√

46
287 + 2x

√
46

8
√

5 + x
√

46

3
√

39 +x
√

46

2
√

95 + x
√

46

12
√

3 + x
√

46
455 + 2x

√
46
527 + 2x

√
46
551 + 2x

√
46

4
√

35

G10 13.9077 4x
4√
17 + 4x

1√
2 + 5x

√
15
42 + 2x

√
6

4 + x
√

15

2
√

13 + 2x
√

13

5
√

2 + 2x
√

14

2
√

15 + x
√

15
70

G11 12.3799 2x
1√
2 + x

3√
10 + 2x

√
10
11 + x

√
11

2
√

3 + 5x
2
√

3√
13 + x

3
3
√

2 + x
√

11
30 + x

√
11
42 + x

√
11

2
√

10

G12 8.04319 x
√

7

2
√

2 + x
2
√

2
3 + 7x

1√
2 + x

√
7

3
√

2 + x
√

7

2
√

5

Table 1: Polynomials of ABC2
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Molecular
graphs

ABC3

Descriptor
ABC3 polynomials

G1 8.2435 4x
3√
10 + x

1√
2 + 6x

√
7

3
√

2

G2 12.5972 x
√

15
4 + 5x

4√
17 + 3x

1√
2 + x

√
6

4 + x
√

13

2
√

11 +x
√

7

2
√

6 + x
√

14
55 + 4x

1
2 + x

√
5

2
√

6

G3 27.5147
2x
√

41
42 + 9x

√
42
43 + 10x

1√
2 + 2x

2
√

10

3
√

13 + x
√

17

2
√

15 + x
√

41

2
√

39 + x
√

7
26

+2x
2
√

10√
185 + x

√
41
190 + x

√
39
210 + 2x

√
41
222 + x

√
41

6
√

7 +2x
√

41

2
√

70 + x
√

41
330

+2x
√

41

4
√

22 + x
2
√

2
9 + x

√
10

2
√

26 + x
√

41

12
√

3 +x
√

41

2
√

115 + 2x
√

41
462

G4 24.9654
10x

2
√

11

3
√

5 + 5x
√

42
123 + 5x

√
21

4
√

5 + x
3

2
√

10 + x
√

38

5
√

7 + 5x
√

41
222 + x

√
21

12

+9x
√

42

3
√

35 + x
√

26

6
√

5 + x
√

43

4
√

26 + x
√

42

2
√

105 + x
√

43
434 + x

√
41
442

+x
√

42

3
√

51 + x
√

41

15
√

2 + x
√

41

2
√

114 + x
√

43
494

G5 14.7216
2x

2
√

5√
21 + 4x

√
21
22 + 2x

1√
2 + 4x

√
19

3
√

6 + x
√

19

2
√

17 + 3x
√

6
5

+x
√

19

4
√

5 + x
√

19

3
√

10 + 2x
√

19

7
√

2 + x
√

19

2
√

26 + x
2
√

5

3
√

13 + x
1√
6

G6 15.2653
2x
√

21
22 + 4x

√
22
23 + 3x

1√
2 + 4x

2
√

5√
57 + 3x

√
19

4
√

5 + x
2√
17

+x
√

5

2
√

6 + x
2√
21 + 3x

√
5

2
√

7 + x
√

21
130 + x

√
21

2
√

33

G7 30.5213
8x
√

47

4
√

3 + 21x
1√
2 + 4x

3
√

5

2
√

33 + 2x
√

46

6
√

7 + 3x
√

46
287 + x

√
46

8
√

5 +x
√

46

3
√

39 + x
√

46

2
√

95

+x
√

46
407 + x

√
46

12
√

3 + 2x
√

46
455 +x

√
46

2
√

119 + x
√

46

2
√

143 + x
√

46
24 + x

√
2

5

G8 20.3216
x

2
√

7√
29 + 7x

√
29
30 + 8x

1√
2 + x

2
√

7
9 + 2x

3
√

3
10 + x

√
7
26 +x

3
2
√

10 + 2x
3√
42 + x

√
7

6

+x
√

21

4
√

7 + x
2√
23 +2x

3
2
√

14 + x
√

7

2
√

11 + x
√

23

2
√

39 + x
1√
7

G9 32.1497
9x

√
51

2
√

13 + 21x
1√
2 + x

7√
230 + 3x

5
√

2√
235 + 3x

5√
138 + 3x

5
√

2

3
√

35 +x
5

4
√

11 + x
4
√

3

3
√

41

+x
5
√

2

3
√

43 + x
5
√

2

2
√

105 + x
5
√

2√
451 + x

5
√

2

13
√

3 +x
5
√

2

2
√

133 + x
5
√

2

6
√

17 + 2x
5

8
√

5 + 2x
5
√

2√
651 + x

5
√

2

2
√

165

G10 13.587 4x
√

19

2
√

5 + 4x
1√
2 + 4x

√
17

4
√

3 + 2x
√

17

2
√

15 + 2x
2
√

2
5 +x

4√
65 + x

4
6
√

2 + x
√

17

2
√

21 + 2x
√

3
4

G11 11.3246 x
2
√

3
13 + 5x

√
13
14 + 4x

1√
2 + 2x

2√
11 + x

1
2 + x

2
√

3
7 +x

2
√

3

3
√

5

G12 8.0358 x
2
√

2
3 + x

3√
10 + 7x

1√
2 + x

2
√

2√
21 + x

1√
3

Table 2: Polynomials of ABC3

Molecular
graphs

ABC4

Descriptor
ABC4 polynomials

G1 6.2722 3x
√

2
5 + x

√
7

3
√

2 + 2x
2
√

2
5 + 2x

3√
30 + x

√
11

2
√

10 + 2x
1
2

G2 9.93131
x

1√
2 + 2x

√
2
5 + 2x

2
√

2√
21 + x

3
2
√

7 + x
2
√

2
5 + 3x

√
2
7 + 3x

√
11
42

+x
1
2 + 2x

2
√

3
7 + 2x

√
13

2
√

14

G3 24.2177

2x
1√
2 + 3x

√
7

3
√

2 + x
2
√

2√
21 + x

3
2
√

6 + 2x
√

6
4 + 4x

√
7

2
√

5 + 2x
1√
3 + x

3
2
√

7

+x
√

11
6 + 2x

2
√

2
5 + 6x

3√
30 + x

√
10
35 + 2x

√
11

2
√

10 + x
2
√

3

3
√

5 + x
√

10
6

+3x
√

11
42 + x

1
2 + 4x

2
√

3
7 + x

√
13

2
√

14 +x
√

2
3 + x

√
14
8 + 2x

√
15

6
√

2 + x
4
9

G4 24.4684
2x
√

2
5 + 6x

√
7

3
√

2 + 2x
2
√

2√
21 + 4x

3√
30 + 6x

√
10
6 + 8x

√
11
42

+10x
1
2 + 3x

√
13

2
√

14 + 2x
√

14

3
√

7 + 2x
√

14
8 + x

√
15

6
√

2

G5 13.1211
2x

1√
2 + 2x

√
2
5 + 4x

√
7

2
√

5 + 2x
1√
3 + 3x

2
√

2
5 + 3x

3√
30

+2x
√

10
35 + x

√
11

2
√

10 + 2x
√

11
42 + 2x

√
13

2
√

14

G6 13.7239
2x

1√
2 + 3x

√
2
5 + 4x

√
7

2
√

5 + x
1√
3 + 3x

2
√

2
5 + 4x

3√
30

+2x
√

10
35 + x

√
11

2
√

10 + 2x
√

11√
42 + 2x

√
13

2
√

14

G7 27.6572
3x
√

2
5 + 6x

√
7

3
√

2 + 5x
√

6
4 + 8x

√
7

2
√

5 + 2x
2
√

2
5 + 7x

√
3
10 +2x

√
11

2
√

10

+x
√

13
45 + 7x

√
10
6 + 3x

√
11
42 + 3x

1
2 +x

√
13

3
√

6 + x
√

15

6
√

2

G8 17.1671
x

1√
2 + 2x

√
5

2
√

3 + x
√

2
5 + 2x

√
7

3
√

2 + 2x
2
√

2
21 + 2x

√
3

2
√

2

+2x
√

7

2
√

5 + x
1√
3 + x

2
√

2
5 + 4x

√
3
10 + x

√
11

2
√

10 + x
√

5

3
√

2

+x
√

11
42 + 2x

1
2 + x

√
13

3
√

6 + 3x
√

13

2
√

14 + 3x
√

5

2
√

6 + x
4
9

G9 29.9033
5x
√

2
5 + 4x

√
7

3
√

2 + 5x
√

6
4 + 6x

√
7

2
√

5 + 3x
2
√

2
5 + 10x

√
3
10

+3x
√

14
7 + x

√
11

2
√

10 + 11x
√

10
6 + 3x

√
11
42 + 2x

1
2

G10 11.396
x
√

2
5 + x

√
7

3
√

2 + 2x
2
√

2√
21 + x

√
3

2
√

2 + 2x
√

7

2
√

5 + 2x
2
√

2
5 +x

√
3
10

+3x
√

11

2
√

10 + x
√

10
6 + x

1
2 + 2x

√
13

2
√

14 +2x
√

2
3 + x

√
7

2
√

8 + x
√

5

2
√

6

G11 8.60999
x

1√
2 + 2x

√
2
5 + 2x

√
7

3
√

2 + 2x
√

7

2
√

5 + x
1√
3 + x

√
3
10

+x
√

2
7 + x

√
11

2
√

10 + 2x
√

11
42 + 2x

1
2

G12 6.60771 x
1√
2 + x

√
5

2
√

3 + 3x
√

6
4 + 3x

√
7

2
√

5 + 3x
√

3
10

Table 3: Polynomials of ABC4
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Molecular
graphs

ABC5

Descriptor
ABC5 polynomials

G1 6.76518 x
2
3 + 3x

√
5

2
√

3 + x
√

6
4 + 6x

√
7

2
√

5

G2 9.98758 x
2
√

2
5 + 4x

3√
30 + 6x

√
13
42 + 2x

2
√

3
7 + 3x

√
13

2
√

14 + 3x
√

17

3
√

8

G3 16.3041
2x

√
17

3
√

10 + 4x
√

19
110 + 4x

√
21

2
√

33 + 7x
√

23

2
√

39 + x
2
√

6
13 + 7x

5√
182

+5x
3
√

3√
210 + 4x

√
29

4
√

15 + x
√

30
16 + 4x

√
31

4
√

17 + 5x
√

33

3
√

34

G4 17.4374
x
√

14
8 + 3x

√
15

6
√

2 + x
4
9 + 7x

√
17

3
√

10 + x
3
√

2
10 + 8x

√
19
110

+6x
√

21

2
√

33 + x
√

22
143 + 6x

√
23

2
√

39 + 4x
5√
182 + 5x

3
√

3√
210

G5 9.87346 x
2
√

3
7 + 3x

√
13

2
√

14 + 3x
√

15

6
√

2 + 4x
√

17

3
√

10 + 5x
√

19
110 +4x

√
21

2
√

33 + 3x
√

23

2
√

39

G6 9.99488 3x
√

13

2
√

14 + 2x
√

15

6
√

2 + 3x
√

17

3
√

10 + 4x
√

19
110 +6x

√
21

2
√

33 + 4x
√

23

2
√

39 + 2x
5√
182

G7 18.0119
3x

√
17

3
√

10 + 3x
√

19
110 + 4x

√
21

2
√

33 + 6x
√

23

2
√

39 + 7x
5√
182 + 7x

3√
70

+8x
√

29

4
√

15 + 7x
√

31

4
√

17 + 4x
√

11
103

G8 13.8153 3x
√

11
42 + 5x

√
13

2
√

14 + x
√

14
8 + 5x

√
30

12 + 6x
√

17

3
√

10 + x
3
√

2
10 + 6x

√
19
110 + 4x

√
21

2
√

33

G9 17.9476
2x

√
21

2
√

33 + 4x
√

23

2
√

39 + 4x
5√
182 + 7x

3
√

3√
210 + 6x

√
29

4
√

15 + 6x
√

31

4
√

17 + 5x
√

11
103

+5x
√

35

3
√

38 + 5x
√

37

2
√

95 + x
√

38
20 + 3x

√
39

2
√

105 + 4x
√

41√
462 + x

√
42

22

G10 10.5748 x
2
√

2
5 + 4x

√
3
10 + 7x

√
11
42 + x

2
√

3
7 + 4x

√
13

2
√

14 + 3x
√

5

2
√

6 + x
4
9

G11 8.21547 x
√

6
4 + 3x

√
7

2
√

5 + 6x
√

3
10 + 4x

√
11
42 + x

2
√

3
7

G12 5.80712 2x
√

7

2
√

5 + 3x
√

3
10 + 3x

√
11
42 + 3x

√
13

2
√

14

Table 4: Polynomials of ABC5

Molecular
graphs

ABC6

Descriptor
ABC6 polynomials

G1 7.50714 7x
1√
2 + 2x

2
3 + x

√
2
5 + x

√
7

2
√

5

G2 11.7441 7x
1√
2 + x

2
3 + 2x

√
5

2
√

3 + 5x
√

6
4 + 3x

√
7

2
√

5

G3 28.8953
17x

1√
2 + 7x

2
3 + 3x

√
5

2
√

3 + 8x
√

2
5 + x

√
7

3
√

2

+x
√

6
4 + 2x

√
7

2
√

5 + 3x
2
√

2
5 + 2x

3√
30

G4 29.4258
14x

1√
2 + 8x

√
5

2
√

3 + 4x
√

2
5 + 6x

√
6

4 + 9x
√

7

2
√

5

+2x
1√
3 + 2x

2
√

2
5 + x

3√
30

G5 15.5026 13x
1√
2 + 2x

2
3 + 3x

√
5

2
√

3 + x
√

2
5 + 2x

√
6

4 + 2x
√

7

2
√

5

G6 16.612
1 + 12x

1√
2 + x

√
2
3 + 2x

2
3 + 3x

√
5

2
√

3

+x
√

2
5 + 2x

√
6

4 + 2x
√

7

2
√

5

G7 33.0262
24x

1√
2 + 8x

2
3 + 8x

√
5

2
√

3 + 5x
√

2
5

+x
√

7

3
√

2 + 2x
√

6
4 + x

√
3
10

G8 20.7622
1 + 10x

1√
2 + x

√
2
3 + x

√
3

2 + 5x
2
3 + 2x

√
5

2
√

3 + x
√

2
5

+x
√

7

3
√

2 + 5x
√

7

2
√

5 + 3x
√

3
10 + x

√
10
6

G9 35.8108 24x
1√
2 + 12x

2
3 + 13x

√
5

2
√

3 + x
√

2
5 + 2x

√
6

4 + x
√

7

2
√

5

G10 13.6573
9x

1√
2 + x

2
3 + x

√
5

2
√

3 + 4x
√

2
5 + 2x

√
7

2
√

5

+2x
1√
3 + x

2
√

2
5 + x

√
3
10

G11 10.1919 9x
1√
2 + x

2
3 + 3x

√
5

2
√

3 + 2x
√

6
4

G12 7.94975 1 + 7x
1√
2 + 3x

2
3

Table 5: Polynomials of ABC6
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Quantitative Data Set
The efficiency of these molecular descriptors was examined utilizing the data
set of these drugs are listed in Table 6., found at [1, 32–35, 52]. The data set
comprises of the subsequent information: Molecular weight (MW ), Topological
polar surface: The polar surface area (PSA) or topological polar surface area
(TPSA) of a particle is characterized as the surface aggregate over every po-
lar molecule, fundamentally oxygen and nitrogen, additionally including their
joined hydrogen molecules. The Binding energy (BE): Binding energy, a mea-
sure of energy needed to isolate a molecule from an arrangement of particles
or to scatter all of the particles of the framework. Binding energy is partic-
ularly material to subatomic particles in nuclear cores, to electrons bound to
nuclei in molecules, and to nuclei and particles bound together in crystals. The
xlogP3: xlogP3 predicts the logP estimation of a query compound by utilizing
the known logP estimation of a reference compound as a beginning stage. The
distinction in the logP estimations of the inquiry compound and the reference
compound is then assessed by an added substance model. All these values are
mentioned in Table 6.

Compound
Name

Molecular
weight

Topological
polar

surface area

Binding
energy

XlogP3

Ritonovir 720.9 202 −10.6 6
Lopinavir 628.8 120 −10.6 5.9
Arbidol 477.4 80 −11.5 4.4

Thalidomide 258.23 83.6 −7.17 0.3
2-phenoxyethanol 138.16 29.5 −5.76 1.2

Histadine 155.15 92 −77.43 -3.2
Favipiravir 157.1 84.6 −5.4 -0.6
Ribavirin 244.2 144.0 −5.6 -1.8

Remdesivir 602.58 213.36 −6.3 1.9
Theaflavin 564.49 218.0$ −9.6 2.4

Chloroquine 319.9 28.2 −5.1 4.6
Hydroxychloroquine 335.9 48.4 −5.3 3.6

Table 6: Quantitative properties of molecular structures

5 Analysis and Discussion

In this section, statistical regression analysis has been done by using linear
model y = A+Bx, nonlinear model y = A+Bx+Cx2. Here y be the required
property of the drug, x be the topological indices and A,B,C are constants. The
regression models were applied to the properties and ABCi indices mentioned
in Tables [1-5].
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5.1 Linear and nonlinear regression models of ABC indices

Linear model for Molecular weights (MW ) of the drugs and ABCi indices.

MW1 = 52.98473 + 13.11706(ABC1)

MW2 = 34.6026 + 15.15078(ABC2)

MW3 = 30.91389 + 16.08657(ABC3)

MW4 = 52.21115 + 16.94347(ABC4)

MW5 = −42.24596 + 30.43402(ABC5)

MW6 = 52.49117 + 14.14205(ABC6)

Nonlinear model for Molecular weights (MW ) of the drugs and ABCi indices

MW7 = 49.02522 + 13.56222(ABC1)− 0.00973(ABC1)2

MW8 = 57.75665 + 12.59312(ABC2) + 0.05711(ABC2)2

MW9 = −68.74416 + 28.15147(ABC3)− 0.30117(ABC3)2

MW10 = 6.66753 + 23.43809(ABC4)− 0.18208(ABC4)2

MW11 = −87.16106 + 38.612(ABC5)− 0.32836(ABC5)2

MW12 = 14.52369 + 18.67716(ABC6)− 0.10637(ABC6)2

From the Table 7, one can observe that R2 values 0.11131, 0.10067, and

Figure 3: Plots of MW Vs ABC1 and ABC2

0.13105 of models MW1, MW6 and, MW7, and R2 values 0.56288 and 0.50097
of MW9,MW12 respectively, are well correlated. Further, we discuss the regres-
sion models for the topological polar surface area (TPSA) of chemical drugs
mentioned in Table [1-5]. ABCi indices.

16



Figure 4: Plots of MW Vs ABC3 and ABC4

Figure 5: Plots of MW Vs ABC5 and ABC6

Model number R2 values F values Significance F values
MW1 0.11131 2.37776 0.1541
MW2 0.06069 1.71072 0.22016
MW3 0.07598 1.90454 0.19764
MW4 -0.09875 0.01141 0.91705
MW5 -0.01927 0.79199 0.39441
MW6 0.10067 2.23139 0.1661
MW7 0.13105 1.82948 0.21543
MW8 0.42653 5.09072 0.0332
MW9 0.56288 8.08222 0.00978
MW10 -0.22017 0.00756 0.99247
MW11 0.44761 5.45667 0.02805
MW12 0.50097 6.52137 0.01776

Table 7: Statistical values for Molecular weight and ABCi indices.
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Linear model for TPSA of the drugs and ABCi indices.

TPSA1 = 16.35464 + 4.61378(ABC1)

TPSA2 = 12.50325 + 5.19264(ABC2)

TPSA3 = 7.16695 + 5.73624(ABC3)

TPSA4 = 17.9612 + 5.84291(ABC4)

TPSA5 = −29.38536 + 11.71995(ABC5)

TPSA6 = 18.29508 + 4.86452(ABC6)

Nonlinear model for TPSA of the drugs and ABCi indices.

TPSA7 = 71.67944− 1.60629(ABC1) + 0.184(ABC1)2

TPSA8 = −3.8892 + 7.0034(ABC2)− 0.04044(ABC2)2

TPSA9 = 28.97766 + 3.09577(ABC3) + 0.06591(ABC3)2

TPSA10 = 54.31515− 3.51994(ABC4) + 0.09582(ABC4)2

TPSA11 = −59.41646 + 21.50948(ABC5) + 0.61192(ABC5)2

TPSA12 = 67.55793− 1.01979(ABC6) + 0.13801(ABC6)2

Figure 6: Plots of TPSA Vs ABC1 and ABC2

From the Table 8, one can observe that R2 values of the models TPSA1 to
TPSA12 is between 0.4 and 0.55 and are well correlated. Further, we discuss
the regression models for binding energy (BE) of chemical drugs.

18



Figure 7: Plots of TPSA Vs ABC3 and ABC4

Figure 8: Plots of TPSA Vs ABC5 and ABC6

Linear model for BE values of the drugs and ABCi indices.

BE1 = 7.09528− 0.08249(ABC1)

BE2 = 4.69748 + 0.05691(ABC2)

BE3 = 7.48664− 0.11579(ABC3)

BE4 = 6.89543− 0.09228(ABC4)

BE5 = 8.15575− 0.16133(ABC5)

BE6 = 7.76587− 0.10259(ABC6)
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Model number R2 values F values Significance F values
TPSA1 0.50766 12.34231 0.0056
TPSA2 0.49016 11.57558 0.00675
TPSA3 0.46622 10.60791 0.00862
TPSA4 0.46721 10.64602 0.00853
TPSA5 0.53763 13.79052 0.00402
TPSA6 0.46509 10.56413 0.00872
TPSA7 0.48369 6.15257 0.0207
TPSA8 0.43651 5.26059 0.03068
TPSA9 0.41 4.82203 0.03773
TPSA10 0.42899 5.13214 0.03256
TPSA11 0.5053 6.61794 0.01707
TPSA12 0.42983 5.14633 0.03235

Table 8: Statistical values for TPSA and ABCi indices

Nonlinear model for Binding energy (BE) of the drugs and ABCi indices.

BE7 = 7.18181− 0.261227(ABC1)− 0.02116(ABC1)2

BE8 = −3.15561− 0.24398(ABC2) + 0.00796(ABC2)2

BE9 = 2.47063 + 0.5299(ABC3)− 0.01692(ABC3)2

BE10 = 1.90712 + 0.68861(ABC4)− 0.02104(ABC4)2

BE11 = 6.7491 + 0.01759(ABC5)− 0.00427(ABC5)2

BE12 = 2.66625 + 0.40248(ABC6)− 0.01032(ABC6)2

Figure 9: Plots of BE Vs ABC1 and ABC2

From the Table 9, one can observe that R2 values 0.11766, 0.13955, and 0.27119
of models BE5, BE7, and BE11 respectively, are well correlated.
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Figure 10: Plots of BE Vs ABC3 and ABC4

Figure 11: Plots of BE Vs ABC5 and ABC6

Model number R2 values F values Significance F values
BE1 -0.052 0.45622 0.51471
BE2 -0.06921 0.28795 0.60327
BE3 -0.01919 0.79292 0.39414
BE4 -0.02524 0.72919 0.41313
BE5 0.11766 2.46691 0.14734
BE6 -0.07081 0.27262 0.61295
BE7 0.13955 1.89203 0.2061
BE8 -0.15424 0.26505 0.77295
BE9 0.01458 1.16279 0.30621
BE10 -0.03834 0.7969 0.48013
BE11 0.27119 3.04654 0.09763
BE12 -0.11951 0.41288 0.67366

Table 9: Statistical values for BE and ABCi indices

Linear model for xlogp3 values of the drugs and ABCi indices.

xlogP31 = −1.82079 + 0.18718(ABC1)

xlogP32 = −1.94823 + 0.20916(ABC2)

xlogP33 = −2.37821 + 0.24282(ABC3)

xlogP34 = 1.34229 + 0.05036(ABC4)

xlogP35 = −2.02011 + 0.25348(ABC5)

xlogP36 = −3.09041 + 0.42688(ABC6)
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Nonlinear model for xlogp3 values of the drugs and ABCi indices

xlogP37 = −3.59233 + 0.38635(ABC1))− 0.00436(ABC1)2

xlogP38 = −2.52282 + 0.27263(ABC2)− 0.00142(ABC2)2

xlogP39 = −3.14533 + 0.33569(ABC3)− 0.00232(ABC3)2

xlogP310 = −3.81685 + 0.5097(ABC4)− 0.00718(ABC4)2

xlogP311 = −1.40031 + 0.11916(ABC5) + 0.01236(ABC5)2

xlogP312 = −3.89001 + 0.43466(ABC6)− 0.00522(ABC6)2

From the Table 10, one can observe that R2 values 0.4251, 0.40273, 0.43273,

Figure 12: Plots of xlogp3 Vs ABC1 and ABC2

Figure 13: Plots of xlogp3 Vs ABC3 and ABC4
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Figure 14: Plots of xlogp3 Vs ABC5 and ABC6

Model number R2 values F values Significance F values
xlogP31 0.4251 9.13392 0.01285
xlogP32 0.40273 8.41713 0.0158
xlogP33 0.43273 9.39104 0.01195
xlogP34 0.46049 10.38897 0.00913
xlogP35 0.34415 6.77201 0.02639
xlogP36 0.46434 10.53551 0.00878
xlogP37 0.37777 4.33923 0.04793
xlogP38 0.3383 3.81189 0.06321
xlogP39 0.3717 4.25378 0.05007
xlogP310 0.41734 4.93945 0.03566
xlogP311 0.27535 3.08987 0.09515
xlogP312 0.42298 5.03171 0.03413

Table 10: Statistical values for xlogp3 and ABCi indices.

0.41734 and 0.42298 of models xlogP31, xlogP32, xlogP33, xlogP310 and ,
xlogP312 and R2 values 0.46049 and 0.46434 of xlogP34 and xlogP36 respec-
tively, are well correlated.

5.2 Inference of ABC polynomials

we have analyzed the ABC indices and their polynomials to the respective
graphs. The plotting has been done by using Origin software and obtained
the R2 values, F values, and significance F values. From plotting of these
polynomials, we obtained the R2 and F values, which are tabulated in Table
11. (a) and (b), Table 12. (c) and (d), and Table 13. (e) and (f). These Tables
shows that the R2 values of the respective plots are between 0.9 and 1. Hence,
they are good fit and have a strong correlation.
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Figure 15: Plots of ABC1(G1≤i≤12) and ABC2(G1≤i≤12) Vs Molecular graphs

Figure 16: Plots of ABC3(G1≤i≤12) and ABC4(G1≤i≤12) Vs Molecular graphs

Figure 17: Plots of ABC5(G1≤i≤12) and ABC6(G1≤i≤12) Vs Molecular graphs
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Graphs Rˆ2 values F values Graphs R2 values F values
G1 0.99782 4568.75898 G1 0.99839 6187.73986
G2 0.99726 3646.51741 G2 0.99861 7186.47307
G3 0.99721 3572.00533 G3 0.99685 3162.31656
G4 0.99722 3583.58904 G4 0.99234 1296.5373
G5 0.99699 3310.31343 G5 0.99602 2501.76792
G6 0.99698 3299.84643 G6 0.99597 2471.70221
G7 0.99708 3418.49128 G7 0.99613 2577.5748
G8 0.99715 3494.32749 G8 0.99666 2989.42182
G9 0.99721 3572.46354 G9 0.9955 2215.60131
G10 0.99729 3676.7526 G10 0.9989 9068.26869
G11 0.9975 3992.22619 G11 0.99949 19562.57086
G12 0.99675 3065.13793 G12 0.99779 4522.62154

(a) (b)

Table 11: (a) Regression values of ABC1(Gi, x). (b) Regression values of
ABC2(Gi, x); where 1 ≤ i ≤ 12

Graphs R2 values F values Graphs Rˆ2 values F values
G1 0.99844 6413.1 G1 0.9882 840.366
G2 0.99772 4384.96 G2 0.98637 724.87
G3 0.99584 2395.98 G3 0.98617 713.87
G4 0.99166 1190.69 G4 0.98369 604.07
G5 0.99599 2482.86 G5 0.98835 849.21
G6 0.99585 2402.26 G6 0.98849 859.68
G7 0.9957 2318.46 G7 0.98517 665.47
G8 0.99664 2963.86 G8 0.98382 609.11
G9 0.99545 2186.8 G9 0.98758 796.18
G10 0.99481 1918.94 G10 0.98751 791.82
G11 0.99795 4872.74 G11 0.98873 877.97
G12 0.9978 4538.44 G12 0.99099 1100.92

(c) (d)

Table 12: (c) Regression values of ABC3(Gi, x). (d) Regression values of
ABC4(Gi, x); where 1 ≤ i ≤ 12

Graphs R2 values F values Graphs Rˆ2 values F values
G1 0.992 1240.92 G1 0.99585 2401.82
G2 0.98254 563.9 G2 0.99446 1795.02
G3 0.93907 155.11 G3 0.99469 1875.0
G4 0.95369 206.91 G4 0.99998 408991.67
G5 0.96169 252.03 G5 0.99556 2241.892
G6 0.9576 226.83 G6 0.99574 2340.56
G7 0.97902 467.558 G7 0.99439 1773.17
G8 0.9664 288.5873 G8 0.99496 1976.18
G9 0.93759 151.23 G9 0.99548 2203.71
G10 0.92182 118.91 G10 0.99554 2233.23
G11 0.98553 682.09 G11 0.99572 2327.01
G12 0.98293 576.78 G12 0.99632 2705.26

(e) (f)

Table 13: (e) Regression values of ABC5(Gi, x). (f) Regression values of
ABC6(Gi, x); where 1 ≤ i ≤ 12
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6 Conclusion

The properties of molecular graphs of the chemical structures are important
for the accomplishment of a new drug and can be distinguished from the study
of topological indices, Favipiravir, Ribavirin, Remdesiver, Theaflavin, Chloro-
quine, Hydroxychloroquine, Lopinavir, Ritonavir, Arbidol, Thalidomide, His-
tidine, and 2-Phenoxyethanol are studied in this article, and established the
valency, distance, neighborhood, eccentricity, and 2-distance based bond par-
titions for ABC (Atom bond connectivity) polynomials of these drugs. Fur-
ther, the statistical analysis shows that different ABC polynomials figured in
this article have solid prescient capacity for physicochemical properties of an-
tiviral drugs. Nonetheless, the statistical analysis demonstrates that the R2

values shows a strong correlation. The hypothetical results got in this article
have significance in planning new drug and immunization for the treatment of
COVID-19.
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Rivière, Natacha Bonneau, Alexandre Vandeputte, Priscille Brodin et al.
Theaflavins, polyphenols of black tea, inhibit entry of hepatitis C virus in
cell culture. PloS one 13 (11), (2018), e0198226.

[49] Savarino, Andrea, Livia Di Trani, Isabella Donatelli, Roberto Cauda, and
Antonio Cassone, New Insights into the Antiviral Effects of Chloroquine,
The Lancet. Infectious Diseases, 6(2), (2006), 67–69.

[50] Yan, Zhen, Yiwu Zou, Yang Sun, Xiao Li, Kai-Feng Xu, Yuquan Wei,
Ningyi Jin, and Chengyu Jiang, AntiMalaria Drug Chloroquine is Highly
Effective in Treating Avian Influenza a H5N1 Virus Infection in an Animal
Model, Cell Research, 23(2), (2013), 300–302.

[51] M.S. Cohen, Hydroxychloroquine for the Prevention of Covid-19 - Searching
for Evidence. N. Engl. J. Med. (2020), PMC 7289275.

[52] National Center for Biotechnology Information, Pubchem (Link).

[53] FDA: Emergency Use Authorization Information (Link).

30


