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Abstract

A topological index (TI) is a number that is helpful in predicting the
properties of chemical compounds. We canestimate the physical and
chemical properties of several chemical compounds. In this study, we
compute Zagreb polynomials and the redefined Zagreb indices for
chemical compounds used in the treatment of COVID-19 namely
remdesivir, chloroquine, hydroxychloroquine and theaflavin.

Keywords: COVID-19, chloroquine, hydroxychloroquine, redefined
Zagreb indices, remdesivir, theaflavin, Zagreb polynomials

Introduction

Currently, the COVID-19 pandemic is jeopardizing human health as
well as the economy all over the world. Wuhan, China is its place of
origin [1]. By December 2020, there were 80410714 confirmed cases
of COVID including 1732088 deaths worldwide (as per world meter
information). Scientists have used some existing antiviral agents to
treat the disease [2, 3, 4, 5, 6]. These include chloroquine,
hydroxychloroquine, remdesivir (GS5734), and theaflavin [7].

Topological Indices (TIs) are very important tools in predicting the
various properties of chemical compounds. A special number in graph
theoretical term which represents a molecular structure is known as a
TI. The first and second Zagreb indices are the oldest molecular
descriptors introduced by Gutman in 1975 [8] and their various
properties are investigated in this research.

They are defined as follows:

M@= ) (@ +d)

uveE(G)
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ME) = ) (dxd)
UvEE(G)

Considering the Zagreb indices in [9], Fath-Tabar introduced the
first and second Zagreb polynomials which are stated as follows:

Ml (G’ Z) = 2 Z[du+d17]
UvEE(G)

My(G2) = ) gl
UveEE(G)

M;(G,x) and M,(G,x) give us important information about
molecular graphs [10]. Afterwards, the author in [11] defined the third
Zagreb polynomial as follows:

M5(G,z) = z zIdu=dy]
uveE(G)
Other versions of the Zagreb polynomials are given in [12].
M,(G,z) = z z%uldutdy]
UuveE(G)
M;5(G,z) = z zMldutdy]
UveE(G)
Ma,b (G,Z) — z Z[adu+bd,,]
uveE(G)
My, (G,2) = Z S (dyta)(b+dy)
uveE(G)

Ranjini et al. [13] introduced the redefined Zagreb indices as
follows:

dy, +d
ReZG, = Z =7

X
uveE(G) du dv
d, xd
ReZG, = d“ n d”
UvEE(G) u v
ReZG, = Z (d, +d,) (dy, % dy)
UveE(G)
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Many studies have investigated the topological invariants [14, 15,
16, 17,18, 19].

2. Main Results

In this section, we will discuss Zagreb polynomials and the redefined
Zagreb indices for chemical structures used in the treatment of COVID-
19 namely remdesivir, chloroquine, hydroxychloroquine and
theaflavin.

2.1. Zagreb Polynomials and Redefined Zagreb Indices for
Remdesivir

The graph of remdesivir is given in Figure 1. There are eight types of
edges present in the graph. The degree-based edge partition is given
in Table 1.

Figure 1. Chemical structure of Remdesivir (National
centre for biotechnology information (PubChem))

Table 1. Partition of E (Remdesivir)
(d,, d,) Frequency
(1.2)
(1.3)
(1,4)
(2.2)
(2,3)
(2,4)
(3.3)
(3.4)

Mo ~rTodvan
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Theorem 2.2.

Let G be the graph of Remdesivir. The Zagreb polynomials are stated
as follows:

(1) M;(G, z) = 223+147*+162°+1025+22'

(2) M,(G,z) =27°+523+117*+142%+478+67%+22%

(3) M3(G,z) =273+97°+18z+15

(4) M, (G, 2)= 223+52*+272°+978+14710+47"2+67'8+273°
(5) M5(G, z2)=2z%+52124+222°+978+14715+47%4+67'8+27%®

(6) Ma,b (G, Z):
22a+2b+5Za+3b+22a+3b+922a+2b+1422a+3b+422a+4b+623a+3b+223a+4b

(7) Mla b (G, Z):22(1+a)(2+b)+52(1+a)(3+b)+22(1+a)(4+b)+92(2+a)(2+b)+142(2
+3)(3+h) +47@+2)(4+b) 4 57 (3+a)(3+b) 4 95 (3+2)(4+D)

Proofs:
1. Mi(G,z) = ZuveE(G)Z[du-'-dﬂ

:|E{1,2}(G)| Z3+|E{1,3}(G)| Z4+|E{1'4}(G)|
ZS+|E{2,2}(G)| Z4+|E{2‘3}(G)|25+

|E{2'4}(G)|26+ |E{3'3}(G)|26 +|E{3’4}(G)|Z7
=27°+147°+162°+102%+22"
2. My(G,z) = ZuveE(G) zlduxdy]

:|E{1'2}(G)| 22+|E{1'3}(G)| 23+|E{1’4}(G)|
Z4+|E{2,2}(G)| Z4+|E{2'3}(G)|26+

|E{2,4}(G)|28+ |E{3'3}(G)|Zg +|E{3,4}(G)|212
=27°+573+117*+1475+478+62°+27%?
3. M3(G,z) = ZquE(G)Z[du_d"]

:|E{1’2}(G)| Zl+|E{1’3}(G)| 22+|E{1,4}(G)|
Z3+|E{2,2}(G)| ZO+|E{213}(G)|21+

|E{2‘4}(G)|22+ |E{3'3}(G)|ZO +|E{3’4}(G)|Zl
=273+97%+18z+15
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4. M4(G: Z) = ZquE(G) Zdu[du+dV]
=|E{1’2}(G)| 23+|E{1’3}(G)| Z4+|E{1’4}(G)|
ZS‘HE{Z’Z}(GN 28+|E{2’3}(G)|Zlo+
|E{2’4}(G)|212+ |E{3’3}(G)|218 +|E{3’4}(G)|Z36
= 273+57*+22°+978+1471%+4x1?+6718+27%
5. Ms(G,z) = ZuveE(G) z%ldutdy]

:|E{1‘2}(G)| ZG+|E{1‘3}(G)| 212+|E{1’4}(G)|
220+|E{2'2}(G)| 28+|E{2'3}(G)|215+
|E{214}(G)|224+ |E{3l3}(G)|Z]'8 +|E{3'4_}(G)|Z48
=27%+5712+2720+978+ 14715+ 47%4+67'8+22%®
6. Mgp (G, z) = ZuveE(G) zladutbdy]
:lE{l,Z}(G)| Za+2b+|E{1'3}(G)| Za+3b+|E{1,4}(G)|
Za+4b+|E{2,2}(G)|22a+2b+ |E{2,3}(G) |22a+3b +
|E{214}(G) |22a+4b+ |E{3,3}(G) |23a+3b +|E{3.4-} (G)|Z3a+4b
= 2Za+2b+52a+3b+22a+3b+922a+2b+1422a+3b+422a+4b+623a+3b+223a+4b
7. M’a,b (G,z) = ZquE(G) z(Guta)(btdy)
:|E{1’2}(G)| Z(1+a) (2+b) + |E{1’3}(G)|
7(1+2)(3+b) 4 | Eq1,4(6) z(1+a)(4+b) ¢
|E{2,2}(G) |Z(2+a)(2+b)+ |E{2’3}(G)|Z(2+a)(3+b) +
|E{2’4}(G)|Z(2+a)(4+b)+ |E{3‘3}(G)|Z(3+a)(3+b)
+|E{3,4} (G) |Z(3+a)(4+b)
:22(1+a)(2+b)+5Z(1+a)(3+b)+22(1+a)(4+b)+92(2+a)(2+b)+142(2+a)(3+b)+4z(2+a)(4+b)+
62(3+a)(3+b)+22(3+a)(4+b)
Theorem 2.3.

Let G be the graph of Remdesivir. The redefined Zagreb indices are
given below.

(1) ReZG,=41
(2) ReZG,=52.64
(3) ReZG,=1948
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Proofs:
dy+dy

1. Re261 ZquE(G)d X dy

=@ ()6 ()@ ()@ ()ran Q)@ (o 6o )

=41
dy Xdy
2. ReZGZ - ZuveE(G)d +dy

=@ ()6 ()@ ()0 () ()@ Q)e () )
=52.6
3-5 R:ZG3 = ZquE(G)(du + dv) (du X dv)
= (2) (2x3) +(5) (3x4) + (2) (4 X 5) + (9) (4 x 4) +
(14) (6 x5) + (4) (8x 6) +(6) (9x6) + (9)(12x7)
=1948

2.4, Zagreb Polynomials and Redefined Zagreb Indices for
Chloroquine

The graph of chloroquine is given in Figure 2. There are five types of
edges present in the graph. The degree-based edge partition is given in
Table 2.
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Figure 2. Chemical structure of of Chloroquine
(National centre for biotechnology information
(PubChem))
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Table 2. Partition of E (Chloroquine)

(du, dv) Frequency
1,2 2
(1,3) 2
(2,2) 5
(2,3) 12
(3,3) 2

Theorem 2.5.

Let G be the graph of Chloroquine. The Zagreb polynomials are stated
as follows:

(1) M{(G, z) = 223+77*+127°+225

(2) M,(G, z) =27°+273+5z*+127%+27°

(3) M3 (G, z) =222+147+7

(4) M,(G, z)= 223+27*+578+127'9+27'®

(5) Ms(G,z)=22%+27"2+578+12715+2718

(6) Ma,b (G, Z): 22a+2b+22a+3b+522a+2b+1222a+3b+223a+3b

(7) M’ (G, z)=2z1+2)(2*0)427(1+2)3b) 4 57 (2+2)(2+D)1.] 97 (2+2)(3+D)
+07(3+)(3+)

Proofs:
M;(G,z) = ZuveE(G) zldutds]

:|E{1'2}(G)| Z3+|E{1'3}(G)| 24 +|E{2'2}(G)|
Z4+|E{2,3}(G)|25+ |E{3'3}(G)|26

= 273+ 72%+127°+27°
1. My(G,z2) = ZuveE(G)Z[dude]

:|E{1’2}(G)| 22+|E{1’3}(G)| 23 —HE{Z,Z}(G)'
2 E 23 (6)I12% |E3.3(6)1Z°

=2724+27%+57%+127%+27°

2. M3(G,z) = ZuveE(G)Z[d“_d"]

School of Science A@\' 53
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:|E{1‘2}(G)| Zl+|E{1‘3}(G)| 22 +|E{2,2}(G)|
ZO+|E{2’3}(G)|21+|E{3'3}(G)|ZO

=27%+14z+7
3. M4(G: Z) = ZquE(G) Zdu[du+dv]

:|E{1‘2}(G)| 23+|E{1‘3}(G)| Z4 +|E{2‘2}(G)|
28+|E{2'3}(G)|Zlo+|E{3’3}(G)|218

= 27%+27%+578+12710+2718
4. Ms (G; Z) = ZquE(G) Zd,,[du+d,,]

:|E{1,2}(G)| Z6+|E{1,3}(G)| le +|E{2,2}(G)|
Z8+|E{2,3}(G)|215+|E{3’3}(G)|218

=275+578+2712+12715+2718
5. Ma,b (G,z) = ZuveE(G) zladutbdy]

=|E(1 2,(6)| za+2b+|E{1,3}(G)|
Za+3b+|E{2’2} (G) |Zza+2b+|E{2'3} (G) |22a+3b
+|E{3’3}(G)|23a+3b

— 22a+2b+22a+3b+522a+2b+1222a+3b+223a+3b
6. M’a,b (G,z) = ZuveE(G) z(Guta)(btdy)

=lE{1,21(G) 2 @) 1 |y 53(6)) 20+ CH0) 4
|E{2,2}(G) |Z(2+a )(2+b) 1 |E{2,3} (G)|Z(2+a)(3+b)+

:22(1+a)(2+b)+22(1+a)(3+b)+52(2+a)(2+b)+122(2+a)(3+b)+22(3+a)(3+b)
Theorem 2.6.

Let G be the graph of chloroguine. The redefined Zagreb indices are
given below.

(1) ReZG,=22
(2) ReZG,=25.23
(3) ReZG,=584

Scientific Inquiry and Review
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Proofs:

dy+dy
1. Re261 = ZquE(G) dyXdy

=@ ()@ ()6 ()2 ()@ ()2

dyXdy
2. ReZG, = ZquE(G)d +d,

= (2) ( )+(2) ( )+(5) ( )+(12) ( )+(2) ( ) =25.23
3. ReZG; = ZquE(G)(du + dv) (du X dv)

= (2) (2x3) +(5) (3x4) + (9) (4 x 4) + (14) (6 x 5) +
(6) (9 x 6) =584
2.7. Zagreb Polynomials and Redefined Zagreb Indices for
Hydroxychloroquine.

The graph of hydroxychloroquine is given in Figure 3. There are five
types of edges present in the graph. The degree-based edge partition is
given in Table 3.
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Figure 3. Chemical structure of Hydroxychloroquine
(National centre for biotechnology information
(PubChem))
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Table 3. Partition of E (Hydroxychloroquine)

(du, dv) Frequency
1.2 2
(1.3) 2
(2.2) 6
(2,3) 12
3.3) 2

Theorem 2.8.

Let G be the graph of hydroxychloroquine. The Zagreb polynomials
are stated as follows:

(1) M,(G, z) = 223+87*+127°+22°

(2) M,(G,z) =272+273+62*+1225+27°

(3) M3(G,z) =27°+14z+8

(4) M4 (G, 2)= 223+27*+628+12710+27"8

(5) Ms(G,z)=22%+628+222+12715+27"8

(6) My (G, z)= 227%0+27%+3+6725+2041 272430 4 7y 32430

(7) Mla b (G, Z):22(1+a)(2+b)+22(1+a)(3+b)+6z(2+a)(2+b)+122(2+a)(3+b)
+27(3+2)(3+)

Proofs:
1. Mq(G,2) = ZquE(G)Z[d”+d”]

:|E{1,2}(G)| 23+|E{1’3}(G)| 24 +|E{2'2}(G)|
2*HE( 3, (G)1Z°+ |E3 3,(6)12°

= 273+ 87°+127°+27°
2. My(G,z) = ZuveE(G)Z[duXd"]

:|E{112}(G)| 22+|E{1l3}(6)| 23 +|E{2,2}(G)|
2 HE 5, (G)1Z% |E(35(6)1Z°

=27%+273+67*+1275+27°

3. M3(G,z) = ZquE(G)Z[d“_d”]

56 —
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:|E{1‘2}(G)| Zl+|E{1‘3}(G)| 22 +|E{2,2}(G)|
ZO+|E{2’3}(G)|21+|E{3'3}(G)|ZO

=27°+14z+8
4. M4(G: Z) = ZquE(G) Zdu[du+dv]

:|E{1‘2}(G)| 23+|E{1‘3}(G)| Z4 +|E{2‘2}(G)|
28+|E{2'3}(G)|Zlo+|E{3’3}(G)|218

= 27%+27%+6278+12219+2718
5. Mg (G; Z) = ZquE(G) Zd,,[du+d,,]

:|E{1,2}(G)| 26+|E{1,3}(G)| le +|E{2,2}(G)|
28+|E{2'3}(G)|215+|E{3’3}(G)|218

=275+628+27212+12715+2718
6. Ma,b (G,z) = ZquE(G) zladutbdy]

=|E(1 2,(6)| za+2b+|E{1,3}(G)|
Za+3b+|E{2’2} (G) |Zza+2b+|E{2'3} (G) |22a+3b
+|E{3’3} (G) |23a+3b

— 2Za+2b+22a+3b+622a+2b+1222a+3b+223a+3b
7. M'yp(G,z) = ZuveE(G)Z(du+a)(b+d”)
:|E{112}(G)| Z(1+a) (2+b) 4 |E{1,3}(G)| Z(1+a) (3+b) 4

|E{2,2}(G)| Z(2+a)(2+b)_|_ |E{2,3}(G)|Z(2+a)(3+b)+

:22(1+a)(2+b)+22(1+a)(3+b)+62(2+a)(2+b)+122(2+a)(3+b)+22(3+a)(3+b)
Theorem 2.9.

Let G be the graph of hydroxychloroquine. The redefined Zagreb
indices are given below.

(1) ReZG,=23
(2) ReZG,=26.23
(3) ReZG4=600

School of Science A@L{ &7
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Proofs:
dy+dy

1. Re261 ZquE(G)d xdy

=@ ()@ ()6 () () ()

=23
dy Xdy
2. ReZGZ - ZuveE(G)d +dy

=@ () (e () ()@ 0)
=26.23
3. ReZG; = ZuveE(G)(du + dv) (du X dv)

= (2) (2x3) +(2) (3x4) + (6) (4 x 4) + (12) (6 x 5) +
(2) (9 x6) =600
2.10. Zagreb Polynomials and Redefined Zagreb Indices for
Theaflavin

The graph of theaflavin is given in Figure 4. There are three types of
edges present in the graph. The degree-based edge partition is given
in Table 4.

Figure 4. Chemical Structure of Theaflavin (National
Centre for Biotechnology information (PubChem))
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Table 4. Partition of E(Theaflavin)

(du,dv) Frequency
(1.3) 10
(2,3) 22
(3.3) 14

Theorem 2.11.

Let G be the graph of theaflavin. The Zagreb polynomials are stated as
follows:

(1) My(G,z) = 10z*+2275+147°

(2) M,(G,z) =1023+2275+147°

(3) M3(G,z) =10z2+22z+14

(4) M,(G, z)= 10z*+227'2+147'8

(5) M (G, z)=107'2+22715+14718

(6) Ma,b (G, Z): 1OZa+3b+2222a+3b+1423a+3b

(7) M’a,b (G, Z):102(1+a)(3+b)+222(2+a)(3+b) +14Z(3+a)(3+b)

Proofs:
My (G, 2) = Zuver(e) zldutd]
=|E( 3(G)| 2* +Ep5 3y(6)12%+ |E(3 3, (G)12°
= 10z*4227°+147°

1. My(G,2) = Suverc) 214!

=IEq1,3)(G)1 2° +Ep 5y (G) 12+ 1Ep3,3(6)12°
=10z3+227%+147°

2. M5(G,2) = Yuver() 2 %!

=Ep1 5)(G)| 22 HE (3 5y (G) 12+ E(3 5, (6)12°
=107%+22z+14

3. My(G,2) = Tuper(q) 2t ]

=IE(1,3y(G) 2* HE (5 31 (G)12*%HE (3 3, (6) 128

= 102*+227'%+147'8
School of Science r@x{ -
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4, M5 (G, Z) = ZUUEE(G) Zd"[du"'dv]
=IE1,3,(G)| 2" HE 3 3,(G) 12+ E3 3,(G) 12"
=10z2+227%5+147'8
5. Ma,b (G; Z) = ZquE(G) Z[adu"'bdv]
=|Eg1 31 (G) 72"+ E( 3y (6) |22 +E3 3,(6G)IZ%**
= 102a+3b+2222a+3b+1423a+3b
6. M,a,b (G’ Z) = ZUUEE(G) Z(du
= 1E1,33(G) 7(1+2) (3+b) | | E{Z’B}(G)|Z(2+a)(3+b) +
IE{3I3}(G)|Z(3+a)(3+b)
=10z(1+2BE+) 1297 (2+2)(3+b) 4.1 47 (3+2)(3+b)

+a)(b+dy)

Theorem 2.12.

Let G be the graph of theaflavin. The redefined Zagreb indices are
given below.

1.ReZG,=41
2.ReZ(G,=40.9
3. ReZG3=1536

Proofs:

dy+dy
1. ReZG, = ZquE(G)

dyXdy

= 10) (3)+22 (3)+a (5)

dyXdy
2. ReZG, = ZuveE(G)

dy+dy

= 10) 3)+22) )+ ()
=40.9
3. ReZGs = Suverto)(d + dy) (dy X d,)
= (10) (3x4) + (22) (6 x 5) + (14) (9 X 6)
= 1536
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3. Conclusion

In this article, we calculated the Zagreb polynomials and the redefined
Zagreb indices for the chemical compounds used in the treatment of
COVID-19. It has been demonstrated with certainty that the Tls help to
anticipate their numerous properties without setting off to the wet lab.
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