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Abstract: COVID-19 has caused global disruptions infection. In the absence of a cure, the disease is
still a cause for concern, so numerous research groups are focusing on identifying and developing new
therapies to combat it. SARS-CoV-2, the virus responsible for the current epidemic, does not have
specific antiviral drugs. Still, some antiviral drugs that target specific steps in their life cycle may prove
effective in their treatment. It is advantageous to develop models based on the physicochemical
properties of currently available antivirals. Therefore, this study determined QSPR models using reverse
degree-based topological indices after analyzing the molecular structures of certain antiviral drugs.
Firstly, we computed several reverse degree-based topological indices for these drugs, followed by a
QSPR between the obtained reverse degree-based topological indices and various properties of these
drugs. The study indicates that topological indices under investigation are directly associated with the
physicochemical properties of the studied antiviral drugs.
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1. Introduction

Several outbreaks of SARS-CoV [1], HIN1 influenza [2], MERS-CoV [3], Ebola virus
disease [4], and Zika virus [5] have taken place in the past two decades, and public health has
become a concern because of these infections. In contrast to previous pandemics, COVID-19,
which arises from the SARS-CoV-2 virus [6], is more infectious and lethal than previous
viruses. The fight against SARS-CoV-2 requires effective therapies to treat infected people and
prevent the global spread of this novel disease. As of now, a few COVID-19 vaccines [7] have
demonstrated high effectiveness against the pandemic, but it is imperative to develop SARS-
CoV-2 specific antiviral drugs in addition to effective vaccinations. The development of new
antiviral drugs and the repurposing of existing antiviral drugs to combat COVID-19 is now a
top priority for the global health community, so several antiviral drugs, including remdesivir,
chloroquine and hydroxychloroquine, etc. [8-13], have been tested in vitro to inhibit SARS-
CoV-2 infection and transmission. Clinical trials for SARS-CoV-2 failed to show a statistically
significant effect of these drugs, possibly due to different pharmacological limitations that limit
their efficacy [14,15]. As of yet, no specific antiviral drugs have been discovered to cure
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COVID-19, so assessing the current antiviral drugs, as well as introducing new drugs, is pivotal
at this point.

The discovery of a new chemical entity is a complex, expensive, and time-consuming
process that ends with regulatory approval [16]. Iterative paradigms in the past had taken much
time to synthesize compounds and to screen biologically, which required efficient data
utilization, resulting in the need for lead compounds to be discovered effectively. Compound
creation, synthesis, and biological screening using computer-aided drug design provide an
alternative to traditional approaches, such as quantitative structure-activity relationships
(QSARs) and quantitative structure-property relationships (QSPRs). Drug design is greatly
facilitated by QSARs and QSPRs, which provide an alternative method of predicting the
biological activity/molecular property of drug molecules that is affordable and faster [17,18].
A QSAR/QSPR model is based on molecular descriptors that are a numerical expression of the
physical and chemical properties of the molecules [19-21]. Out of several descriptors,
topological indices are the widely used descriptors in QSAR/QSPR derived from the
topological (2D) representation of the molecular structure of a molecule[22]. To predict the
boiling points of isomeric alkanes, Wiener proposed the first topological index to be used in
QSPR modeling and named it the Wiener index [23,24]. In addition to the Wiener index,
Zagreb and Randi¢ are the two most widely used topological indices in QSPR modeling
[25,26]. For more information on the topological indices, please refer to [27,28].

Many researchers are currently using topological indices to develop QSPR models that
can be used to formulate drugs to combat the COVID-19 pandemic. Zhong et al.[29]
established a QSPR for ev and ve-degree indices and found that the M®” index and

Mf”eindexes are both useful indices to predict molecular weight and topological polar surface
areas of phytochemicals studied against SARS-CoV-2 3CLP™. Kirmani et al. [30] discovered
that topological indices derived from M and NM-polynomial have a good predictive ability for
the Arbidol, Chloroquine, Hydroxychloroguine, Lopinavir, Remdesivir, Ritonavir,
Thalidomide, and Theaflavin drugs’ physicochemical properties. Havare [31] developed
multiple regression models for the antiviral drugs, including linear, quadratic, and cubic, based
on degree, distance, and Mostar type topological indices.

The computation of different topological indices for drug molecules related to COVID-
19 is another popular topic among researchers seeking to defeat the current pandemic. The
topological index for Remdesivir was calculated using line graph concepts by Rosary [32] and
para-line graphs by Liu [33]. Ahmed et al. [34] computed domination-based indices for the
drugs chloroquine and hydroxychloroquine, whereas Jahanbani [35] obtained results based on
general topological indices for the same drugs. Mondal et al. calculated multiplicative degree-
based & multiplicative neighborhood degree sum-based indices for hydroxychloroquine,
remdesivir, and theaflavin in [36], and the same authors provided M polynomial and NM
polynomial with chloroquine added to the drug list [37]. The edge cut technique was utilized
by Liu et al. [38] to generate distance-based and bond additive topological indices for 10
antiviral drugs used to combat the COVID-19 epidemic. Wei et al. [39] used a reverse degree-
based topological indices approach, introduced by Kulli [40], to examine the molecular
property of the Remdesivir drug deeply. Based on reverse degree, recently, Wei et al. [39]
defined many reverse degree-based topological indices such as reverse first and second Zagreb,
Randi¢, atom bond connectivity, geometric arithmetic, and reverse hyper Zagreb index.
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2. Materials and Methods

In this article, we represent molecular graph by G = (V,E) in which V(G) & E(G)
represent vertex & edge set and |[V(G)| & |E(G)| be the order and size of G. Let &, denotes
the degree of a vertex u and A(G) is the maximum degree of graph G. The reverse degree of a
vertex u is defined as R, = A(G) — &, + 1. Inspired by Wei et al.[39], we defined here
reverse general inverse sum indeg index, denoted by RGisi, o (@), and defined as:

RGisipy(©) = ) [0,B,17 [, + 11
uveE(G)
where, p and g are some real numbers.

Table 1. Some reverse degree-based topological indices derived from reverse general inverse sum indeg index
by assigning specific values to the parameters p and q.

.9 RGisi, Corresponding reverse topological index
0,1) RGisy,,, = RM1(G) Reverse first Zagreb index
(1,0) RGisy, ) = RM3(G) Reverse second Zagreb index
(—1 O) RGis; , = RR(G) Reverse Randi¢ index
5 0)
2 2
(0 —1> RG,S,( = RSCI(G) Reverse sum connectivity index
_— o1
2 T2
,-1) 2RGisy,,_,, = RH(G) Reverse Harmonic index
0,2) RGisi,, = RHZ(G) Reverse hyper Zagreb index
(1 _1) 2RG,5,(1 = RGA(G) Reverse geometric arithmetic index
2’ 7
-1 1 Reverse arithmetic geometric index
(—2, 1) SRGisi_, = RAG(G) g
—7,1
(1,-1) RGisy, ) = RISI(G) Reverse inverse sum indeg index
(-1,1) RGisy_,,, = RReZG,(G) Reverse redefined first Zagreb index
(1,1) RGisy,,, = RReZG3(G) Reverse redefined third Zagreb index

In the next section of the paper, we provide a detailed description for obtaining an
explicit expression for the reverse degree-based topological indices for the Arbidol, Camostat,
Chloroquine, Hydroxychloroquine, Lopinavir, Nafamostat, Remdesivir, Ritonavir,
Thalidomide, and Theaflavin drugs. We employed the edge partition, degree counting
approach, and graph structure analysis to compute reverse degree-based topological indices for
the molecular structure of the drugs under study also propose a predictive model (QSPR) based
on reverse degree-based topological indices for the physicochemical properties of studied
drugs.

3. Results and Discussion

In this article, the compounds Arbidol, Camostat, Chloroquine, Hydroxychloroquine,
Lopinavir, Nafamostat, Remdesivir, Ritonavir, Thalidomide, and Theaflavin are represented
by the letters A, CA, C, H, L, N, Re, R, T, and TH and their molecular graphs shown in Figures
1 to 10. The reverse edge partition for each molecular graph is also provided in each figure
with their cardinalities. The reverse degree-based topological indices are now computed as
follows:

Theorem 1: The reverse general inverse sum indeg index of Arbidol RGisi, o (A) is given by,

RGisy g, (A) = (D[1]P[2]7 + (9[2]P[3]9 + (6)[3]7[4]7 + (6)[4]P[4]7 + (D[6]P[5]4

Proof: By the graph structure analysis, the reverse degree-based edge partitions of the
molecular structure of Arbidol are given in below Figure 1.
https://biointerfaceresearch.com/ 30f 16
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Chemical Structure Molecular Graph (A) Reverse edge partitions &
(C22H25BrN203S) cardinalities

E; = (¢1:¢1): |E1l =9

Br. ,\/ S Ey = (@4, P,),|Ez| =9
E; = (‘1’1,‘153); |E3| =6

/ E4 = (d)Z’ (DZ)! |E4—| = 6

HO Es = (¢2:¢3)' |Es| =1

Figure 1. Chemical and molecular graph of arbidol with edge partitions.

Now Applying the definition of reverse general inverse sum indeg index,
RG,S,(M) (A), we get

RGISI(p’q) (A) = Z [¢uq)v]p [d)u + ¢v]q
uveE(A)

RGISI(p,q) 4 = ZquEl(A)[cDud)v]p [(pu + (pv]q + ZquEZ(A) [d)u(pv]p [(pu + ¢v]q
+ O BBPR D)+ ) (BB [0+ BN+ ) [0, (D, + B0

UVEE;(A) UVEE,L(A) UVEEs(A)

= |E;(D[(DMWIP[1 + 1]9 + |E,(DI[(D)IP[1 + 2]9 + |Es(DI[(1D(3)]P[1 + 3]9

+HE,(ADI(2)(2)]IP[2 + 2]9 + |Es(AI[(2)(3)]P[2 + 3]7
= (D[117[2]7 + (D[2]7[3]7 + (6)[3]7[4]7 + (6)[4]7[4]7 + (1)[6]P[5]9

Hence the theorem.

From theorem 1 we have calculated exact values of some reverse degree-based
indices of Arbidol as given below:

(i) RGISI(Oll) = RM]_(A) = 98 (Vl) RGISI(O‘Z) = RHZ(A) = 334
>
(iii). RGm(io) = RR(A) = 22.23631094 (viii). %RG,S, _, = RAG(A) = 32.49476550
2 (=1
(). RGis; _, = RSCI(4) = 18.00732705 (ix). RGysi,,_,, = RISI(A) = 22.20
2
(v). 2RGyg,_, = RH(A) = 21.40 (). RGysi_,, = RReZG,(4) = 46.33

(). RGgs,,, = RReZG3(A) = 270
Theorem 2: The reverse general inverse sum indeg index of Camostat RG,S,(p‘q)(CA) IS,
RGysi,, , (CA) = ([1IP[2]% + (16)[2]7[3]7 + (7)[3]P[4]9 + (5)[4]P[4]¢

Proof: Figure 2 shows the reverse degree-based edge partitions of Camostat's molecular
structure as determined by graph structure analysis.

Chemical Structure Molecular Graph (CA) Reverse edge partitions &
(C20H2N405) cardinalities
j ~ ” d T N, o : AI * E; = (@1, P1), |E1| =2
0 O S M . R S S E; = (@1, P,), |E;| = 16
~o { ) “ I :[ e I N . E3 — ((Dp(pg); |E3| =7
* Ey = (@3, ®,),|Es| =5

Figure 2. Chemical and molecular graph of camostat with edge partitions.
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Applying the definition of RG, , . (CA), we have

RGISI(p,q) (CA) = Z [¢uq§v]p [(pu + d)v]q
UVEE(CA)

RGISI(p,q)(CA) = ZuveEl(CA)[Cbu‘pv]p [‘pu + (pv]q + ZuveEz(CA)[d)u(pv]p [(pu + (pv]q

+ Z [0, ®,]7 [®, + B,]7 + Z [0,8,17 (@, + B,]°
UVEE;(CA) UVEE,L(CA)

= [E;(DIIMDIP[1 + 1]9 + [E, (DD (DIP[1 + 2]9 + [Es(DITI(D(DIP[1 + 3]4
HE,MDI2)(DIP[2 + 2]4

= (D[11P[2]7 + (16)[2]P[3]7 + (7)[3]P[4]7 + (5)[4]P[4]“
We determined the exact values of various reverse degree-based indices for Camostat
drug-using theorem 2, as shown below:

(i) RGs1 5, = RM1(CA) = 100 (vi). RGsy,, = RHZ(CA) = 344
(ii). RGisiy,, = RMy(CA) =75 (vii). 2RGys1, | = RGA(CA) = 28.14712250
L

(iii). RGm(_lo) = RR(CA) = 19.85516038 (viii). §RG,S, _, =RAG(CA) = 32.05346651
2 =1

(iv). RGys; _, = RSCI(CA) = 16.65181787 (iX). RGysi,_,, = RISI(CA) = 21.91666667
0—) !

(V). 2RGysy,_,, = RH(CA) = 18.66666667 (0. RGysy_,, = RReZG,(CA) = 42.33333333

(). RGs,,, = RReZG5(CA) = 264
Theorem 3: The reverse general inverse sum indeg index of chloroquine RGisy, q)(C) is,

RGisy,,,(C) = (2)[1]P[2]7 + (12)[2]P[3]7 + (2)[3]7[4]7 + (5)[4]P[4]? + (2)[6]7[5]7

Proof: Figure 3 shows the reverse degree-based edge partitions of the molecular structure of
chloroquine.

Chemical Structure Molecular Graph (C) Reverse edge partitions
(C18H26CIN3) & cardinalities
Ey = (@1, P1), |E1] =2
E; = (D1, D7), |Ez| = 12
E3 = (D1, P3), |E3| =2
Ey = (P2, P3), |E4l =5

I Qi
(H’rtij\ E5 = (d)ZI ¢3)' |E5| =2
&
S

N Cl

Figure 3. Chemical and molecular graph of chloroquine with edge partitions.

Now Applying the definition of RG,S,(pyq)(C), we get

RGisiyy @ = ) [0,8,P [, + b,
uveE(C)
RGISI(p_q) (C) = ZquEl(C)[¢u¢v]p [(pu + va]q + ZquEZ(C)[d)u(pv]p [cpu + d)v]q

T S Al AR LR S RN R R L S N A
UveE;(C) UVEE,L(C) uveEs(C)
= IE DI WIPLL + 119 + [ E (AW @1PLL + 217 + |Es (DD G)IPL + 3]¢
HE(DI[R)@)P2 + 217 + |Es(A)I[2)(3)]P[2 + 319
= [IP[2]7 + (12)[2]P[3]% + ()[3]P[4]9 + (5)[4]P[4]7 + (2)[6]P[5]¢
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Hence the theorem.
From theorem 3, some other reverse degree-based indices of Chloroquine are given
below:

(i) RGISI(O,l) = RM]_(C) = 78 (Vl) RGISI(O‘Z) = RHZ(C) = 278
(). RGISI(LO) = RM,(C) = 64 (vii). 2RG,S,(1_1) = RGA(C) = 22.00535110
>
(i) RGyg , = RR(C) = 14.95647849 (viii). %RG,S,(_l = RAG(C) = 24.07856459
2’ —1
(iv). RG,S,( =t = RSCI(C) = 12.73684398 (ix). RG,SI(l_l) = RISI(C) = 17.90000000
0— ’
(V). 2RG,51(0'_1) = RH(C) = 14.30000000 (x). RGISI(—l.l) = RReZ(G,(C) = 31.33333333

(xi).  RGisy,,, = RReZG5(C) = 240
Theorem 4: The reverse general inverse sum indeg index of hydroxychloroquine RGisi,, o (H)
is given by,
RGysy, , (H) = (2)[1]P[2]7 + (12)[2]7[3]7 + (2)[3]P[4]7 + (6)[4]P[4]7 + (2)[6]7[5]7
Proof: The reverse-degree edge partitions of the molecular structure of hydroxychloroguine are
shown in Figure 4 by the graph structure analysis.

Chemical Structure Molecular Graph (H) Reverse edge partitions &
(C18H26CINZO) cardinalities
E; = (@1, ®),|E1| =2
E, = (@,,9,),|E,| = 12

" on Es = (&), @), |Es| = 2
E,= (‘pz.d’z), |E4| =6
i Es = ((pz;(b3), |E5| =2
fifl
x
N Cl

Figure 4. Chemical and molecular graph of hydroxychloroquine with edge partitions.

By the definition of, RGsi,, (H), we have

RGISI(p’q) (H) = Z [(pu(pv]p [(pu + ‘pv]q
uveE(H)
RGISI(p‘q) (H) = ZquEl(H)[cpu(pv]p [(Du + ‘pv]q + ZuveEz(H)[(pu(pv]p [(pu + (pv]q

O S N R LR S N AR LR S RN TR
UVEE;(H) UVEE,(H) UVEEs(H)
= [E;(DIIMMIP[1 + 119 + [E (DI ()IP[1 + 2]9 + [Es(ADI[(D(3)IP[1 + 3]4
+E,(DI(2)(2)]P[2 + 2]9 + |Es (AI[(2)(3)]P[2 + 3]7
= [1IP[2]7 + (12)[2]7[3]7 + (D [3]P[4]7 + (6)[4]P[4]7 + (2)[6]P[5]7
From theorem 4 the exact values of some reverse degree-based indices of
hydroxychloroquine are:

(l) RGISI(OJ) = RMl(H) =82 (V') RGISI(O,Z) = RHZ(H) = 294
(ii). RGsy o = RM,(H) = 68 (vii). 2RG,S,(£_1) = RGA(H) = 23.00535110
z

(iii). RGm(_lo) = RR(H) = 15.45647849 (viii). §RG,S, _, = RAG(H) = 25.07856459
2 =1

(iv). RGys; _, = RSCI(H) = 13.23684398 (iX). RGysy,_,, = RISI(H) = 18.90000000
0—) y

(v). 2RGsy,_,, = RH(H) = 14.80000000 (X). RGsy_,,, = RReZG,(H) = 32.33333333

(). RGsy,,,, = RReZG3(H) = 256
Theorem 5: The reverse general inverse sum indeg index of lopinavir RGs1,0) (L) is,
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RGisy, (L) = (D[1P[2]7 + (20)[2]P[3]7 + (8)[3]P[4]7 + (14)[4]P[4]*

Proof: In Figure 5, we present a reverse degree-based edge partitioning of the molecular
structure of Lopinavir based on the structure analysis.

Chemical Structure Molecular Graph (L) Reverse edge partitions &
(C37H48N405) cardinalities
E; = (@, P1),|E1| =7
/@ E, = (‘1’1"D2).|E2| =20
E; = (9,,®3),|E3| =8

@ \/'\/\M E, = (@5, ®,),|E,| = 14
AORS

Figure 5. Chemical and Molecular Graph of Lopinavir with Edge Partitions.

Applying the definition of, RG,S,(pyq)(L),

RGISI(p_q) (L) = Z [(pu(pv]p [d)u + (pv]q
uveE(L)
RGISI(p'q) (L) = ZuveEl(L)[d)uCDv]p [(pu + (pv]q + ZquEz(L)[(pu(pv]p [‘pu + ¢v]q

£ BB+ D1+ Y [P (B, + )1
UveE;(L) UVEE, (L)
= [E;(DIIWMIP[1 + 119 + [E (DI ()IP[1 + 2]9 + |Es(ADI[(D(3)IP[1 + 3]4
+E,(ADI[(2)(2)]P[2 + 2]
= (MI1P[2]7 + (20)[2]7[3]7 + (B)[3]P[4]7 + (14)[4]7[4]°
Hence the result.
Using theorem 5 we have some reverse degree-based indices of lopinavir as below:

(i) RGys1 5, = RMy (L) = 162 (vi). RGsy,, = RHZ(L) = 560
(ii). RGisi,, = RMy(L) = 127 (vii). 2RG,S,(1_1) = RGA(L) = 46.78438405
L

(iii). Rstz(_lo) = RR(L) = 32.76093778 (viii). %RG,S, _, = RAG(L) = 51.45080774
2 1

(iv). RG;s; _, = RSCI(L) = 27.49675286 (iX). RGisi,_,, = RISI(L) = 36.83333333
0—) ,

(V). 2RGygy,_,, = RH(L) = 3133333333 (0. RGys_,, = RReZG,(L) = 68.66666667

(xi).  RGisy,,, = RReZG3(L) = 454
Theorem 6: The reverse general inverse sum indeg index of nafamostat RG,S,(M) (N) is,
RGisy, , (N) = ([1]P[2]7 + (16)[2]P[3] + (5)[3]P[4] + (4)[4]7[4]7

Proof: Figure 6 shows the reverse degree-based edge partitions of nafamostat's molecular
structure as determined by graph structure analysis.

Chemical Structure Molecular Graph (N) Reverse edge partitions &
(C19H17N503) cardinalities

ET“”Z E; = (®4,94),|E1| =3

@YQ/ NH E, = (94, 9,),|E;| = 16
W LT E; = (@;,®;), |E;| = 5
2 E, = (‘Dz' d’z): |E4| = 4

Figure 6. Chemical and molecular graph of nafamostat with edge partitions.

Applying the definition of RG,s,  (N), we have
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RGISI(p,q) (N) = Z [(pud)v]p [(pu + (pv]q
UVEE(N)
RGISI(p_q) (N) = ZquEl(N)[(Du(pv]p [(pu + (pv]q + ZquEZ(N)[(pu(pv]p [(pu + (Dv]q

T I RN LN L S N LI CIRR AT
UvEE3(N) UVEE,L(N)
= |[E; (DI MWIP[1 + 117 + |E; (DD (2)]P[1 + 2]9 + |Es (ADI[(D(3)]P[1 + 3]7
+EL(AI[(2)(2)]P[2 + 2]°

= (D[1P[2]7 + (16)[2]7[3]7 + (B)[3]P[4]7 + () [4]7[4]7

Hence the theorem.

We determined the exact values of various reverse degree-based indices for Nafamostat

drug using theorem 6, as shown below:

(i) RGISI(O'l) = RMl(N) = 90 (Vl) RGISI(O‘Z) = RHZ(N) = 300
(ii). RGgr,,, = RM;(N) = 66 (vii). 2RGyg;, = RGA(N) = 2641507169
>

(iii). RGm(_lO) = RR(N) = 19.20045985 (viii). §R6151 _, = RAG(N) = 29.74406543
7 (=D

(iv). RG;s; _, = RSCI(N) = 15.85892465 (iX). RGsy, _,, = RISI(N) = 19.91666667
0—) )

(). 2RGysy,,_,, = RH(N) = 18.16666667 (9. RGg_,,, = RReZGy(N) = 40.66666667

(Xl) RGISI(l,l) = RReZG3(N) = 226
Theorem 7: The reverse general inverse sum indeg index of Remdesivir RG,S,(p_q) (Re) is,
RGisy g, (Re) = (2)[2]P[3]9 + (5)[3]P[4]7 + (DI[4]7[5]7 + (6)[4]P[4]7 + (14)[6]P[5]

+ (5)[8]P[6]7 + (9)[9]7[6]7 + (3)[12]P[7]4
Proof: Figure 7 shows the reverse degree-based edge partitions of the molecular structure of
remdesivir.

Chemical Structure Molecular Graph (Re) Reverse edge partitions &
(C27H3sN6OgP) cardinalities

Ey = (P, @,), |Ey| =2

E, = (@1,®3),|E;| =5

E; = (P4, D), |Es| =1

Ey = (@5, @2), |E4| = 6

Es = (,,@3), |Es| = 14
Eg = (@,,@,),|Eg| = 5

N
= ¢ o
E; = (®;,93),|E;| =9

HO! I‘ 0. i
/Q./\/ \p/“\%o
Ha‘ !
Eg = (¢’3; c;b4), |E8| =3

HaN,
N

Figure 7. Chemical and molecular graph of remdesivir with edge partitions.

By, RGisie, (Re), we get

RGISI(p‘q) (Re) = Z [‘Du(pv]p [(pu + ch]q
uveE(Re)
RGISI(p_q) (Re) = ZuveEl(Re)[d)u(pv]p [(pu + d)v]q + ZquEz(Re)[(puCDv]p [d)u + (pv]q

+ D RBP BB+ D (BP0, + D,
uveEs(Re) uveE,(Re)
£ RBP R BN+ ) [0, [0+,
uv€eEs(Re) Uv€eEg(Re)
£ BBPBA RN+ ) (BB [+ B
uveE,(Re) uveEg(Re)

= |E; (DI @)IP[1 + 2]7 + |E;(DIT(DB)IP[L + 317 + [Es (DI [(D(D]IP[1 + 4]
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+HEL(ADI(2)(2)IP[2 + 2] + |Es(DI[(2)B)]P[2 + 3]7 + |Es(DI[(2)(D)]P[2 +
417 + |E; (DI B)IP[3 + 317 + [Eg(DI[(3)(4)]P[3 + 4]
= (2)[2]P[3]7 + (5)[3]P[4]7 + (DI[4]7[5]7 + (6)[4]P[4]? + (1) [6]P[5]9 +
(5)[81P[6]7 + (9)[91P[6]7 + (3)[12]P[7]4
From theorem 7, some other reverse degree-based indices of remdesivir are given
below:

(l) RGISI(O':L) = RMl(Re) =230 (Vl) RGISI(O,Z) = RHZ(Re) =1220
L
(il). RGis; _, = RR(Re) = 19.15023333 (viii). ZRGs_, = RAG(Re) = 46.76790298
2 (—1
(). RGis; _, = RSCI(Re) = 20.21227396 (iX). RGis,,_,, = RISI(Re) = 5399285714
0~ ’
(V). 2RGyg, _,, = RH(Re) = 18.35714286 (9. RGigi_,, = RReZGy(Re) = 40.08333333

(xi).  RGigy,,, = RReZG3(Re) = 1586
Theorem 8: The reverse general inverse sum indeg index of ritonavir RG,S,(p’q) (R) is,
RGisy, ,(R) = (5)[11P[2]7 + (26)[2]P[3]7 + (9)[3]P[4]7 + (13)[4]P[4]*

Proof: The reverse-degree edge partitions of the molecular structure of Ritonavir are shown in
Figure 8 by the graph structure analysis.

Chemical Structure Molecular Graph (R) Reverse edge partitions &
(C37H48NsOs Sy) cardinalities
—{ -l E; = (®4,@),|E1| =5
oo Q be B = (@1, @) |E| = 26
LA s 3 o 1Y .1 Es = (), ®3),|Es| = 9

.;\ ‘I"'."«’ ~ \[’.“1" T ‘i"‘g”‘\? E4 = ((pz, d)z), |E4| = 13

- d
Figure 8. Chemical and molecular graph of ritonavir with edge partitions.

Applying the definition of RG,s, , . (R), we have

RGisigy(R) = ) [0, [0, + B, 11
uveE(R)
RGISI(p‘q) (R) = ZquEl(R)[(pu(pv]p [(pu + (pv]q + ZquEZ(R)[(pu(pv]p [(pu + (pv]q

£ BAP BN+ ) [P [0, + D10
uveE3(R) UVEEL(R)
= [Ey (DI MIP[1 + 1] + [E; (DD (2)]P[1 + 2]9 + |Es (DI[(D(3)]P[1 + 3]7
+EL(AI[(2)(2)]P[2 + 2]°
= (5)[11P[2]7 + (26)[2]P[3]9 + (9)[3]7[4]7 + (13)[4]P[4]“
Hence the result.
From theorem 8 the exact values of some reverse degree-based indices of ritonavir are:

(i) RGISI(O,l) = RMl(R) = 176 (Vl) RGISI(O‘Z) = RHZ(R) = 606
(ii). RGisiy,, = RM(R) = 136 (vii). 2RG,S,(1_1) = RGA(R) = 50.30726371
L
(iii). RGm(__lo) = RR(R) = 35.08092873 (viii). §RG,S,(_1 = RAG(R) = 55.96946931
2’ 7.1
(iv). RG,S,( = RSCI(R) = 29.54664090 (iX). RGisi,_,, = RISI(R) = 39.58333333
00— ’
(v). 2RGysy,_,, = RH(R) = 33.33333333 (0. RGsi_,, = RReZG,(R) = 74

(Xl) RGISI(l,l) = RRBZG3 (R) = 482
Theorem 9: The reverse general inverse sum indeg index of thalidomide RG,S,(p o (T) is,

RGysy, , (T) = (DI1IP[2]7 + (6)[2]P[3]7 + (D[3]P[4]9 + () [4]7[4]7

https://biointerfaceresearch.com/ 9 of 16
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Proof: By the graph structure analysis, the reverse degree-based edge partitions of the
molecular structure of thalidomide are given in below Figure 9.

Chemical Structure Molecular Graph (T) Reverse edge partitions &
(C13H10N204) cardinalities
E, = (‘DL ‘1)1)' |E1| =7

0 o)
HN E, = (91, P,),|E2| = 6
o E; = (4)1; ¢3): |E5| = 4
E, = (‘pz’d’z)’ |E4| =4

Figure 9. Chemical and molecular graph of thalidomide with edge partitions.

Now Applying the definition of reverse general inverse sum indeg index,
RG,S,(p,q) (T), we get

RGISI(p_q) (T) = Z [(pud)v]p [(pu + (pv]q
uveE(T)
RGISI(p‘q) (T) = ZuveEl(T)[d)u(pv]p [‘pu + (Dv]q + ZuveEz(T)[(pu(pv]p [(pu + ‘Dv]q

+ ) BB B DI+ D (BB [, + D]
UvEE;(T) UVEE,(T)
= [E;(DIIMMIP[1 + 119 + [E (DI ()IP[1 + 2]9 + [Es (A I[(D(3)IP[1 + 3]4
+EL(AI[(2)(2)]P[2 + 2]7

= (D1IP[2]7 + (6)[2]P[3]7 + (4)[3]7[4]9 + (4)[4]P[4]7

Hence the theorem.

From theorem 9 we have calculated exact values of some reverse degree-based indices

of Thalidomide as given below:

(l) RGISI(O':L) = RMI(T) = 64 (V') RGISI(O,Z) = RHZ(T) =210
(ii). RGisi,, = RM,(T) = 47 (vii). 2RGrsi, | = RGA(T) = 20.12095587
:
(iii). Rstz(_lo) = RR(T) = 15.55204177 (viii). %RG,S, _, =RAG(T) = 2198276318
2 (=1
(V). RGysy__, = RSCI(T) = 1241384908 (iX). RGisy,_,, = RISI(T) = 1450000000
2
(V). 2RGygy,_,, = RH(T) = 15 (X). RGsi_,,, = RReZG,(T) = 32.33333333

(). RGsy,,, = RReZG5(T) = 162

Theorem 10: The reverse general inverse sum indeg index oftheaflavin RG,S,(p,q) (TH) is,
RGysi,, ,(TH) = (14)[1]P[2]7 + (22)[2]7[3]7 + (10)[3]7[4]¢

Proof: In Figure 10, we present a reverse degree-based edge partitioning of the molecular
structure of theaflavin based on the structure analysis.

Chemical Structure Molecular Graph (TH) Reverse edge partitions &
(Co9H24012) cardinalities
OH OH El = (d)l' d)l)' |E1| =14

OH Hoy, E; = (@1, P), |E,| = 22
| E3 = (¢1,¢3),|E3| =10
l\\‘“ﬂk o oH

Figure 10. Chemical and molecular graph of theaflavin with edge partitions.
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By the definition of RG,S,(p‘q) (TH), we have

R GISI(p_q) (TH) =

uv

[(Du(pv]p [(pu + (p‘l?]q

€E(TH)

RGISI(p_q) (TH) = ZquEl(TH)[q)uq)v]p [¢u + CZ)v]q + ZquEz(TH)[¢u¢v]p [(pu + q)v]q

+

UvEE3(TH)

[0, ®,]P [@, + D, ]9

= |E; (DI DIP[1 + 117 + [E;(DITDIP[1 + 217 + |Es (DI [(D3)]P[1 + 3]

= (D [1]P[2]7 + 22)[2]P[3]7 + (10)[3]7[4]4

Hence the theorem.
From theorem 10 we have some reverse degree-based indices of theaflavin as below:

(i)- RGis1,,,, = RM,(TH) = 134
(ii). RGisi,, = RMy(TH) = 88

(vi). RGisy,, = RHZ(TH) = 414

(vii). 2RGys;, = RGA(TH) = 43.40205295
G-1

(iii). RGsi, = RR(TH) = 35.32985187 (viii). §RG,S, _, = RAG(TH) = 38.88152916
2z (=D

(iv). RG,s; _, = RSCI(TH) = 27.60120085 (iX). RGisi,,_,, = RISI(TH) = 29.16666667
. .

(). RGg_,, = RReZG,(TH) = 54.33333333
RGISI(Ll) = RReZG3(TH) = 260

-1

2

(). 2RGg,_,, = RH(TH) = 33.66666667
(xi).

3.1. Reverse degree-based Quantitative Structure-Property Relationship (QSPR) analysis.

We evaluate the efficacy of reverse degree-based topological indices by developing a
quantitative structure-property relationship (QSPR) between several reverse degree-based
topological indices and certain physicochemical properties of potential COVID-19 drugs.
Arbidol, Camostat, Chloroquine, Hydroxychloroquine, Lopinavir, Nafamostat, Remdesivir,
Ritonavir, Thalidomide, Theaflavin were selected for this analysis, and their physicochemical
properties (Table 2) such as Boiling Point (BP), Enthalpy of Vaporization (E), Flash Point
(FP), Molar Refractivity (MR), Polar Surface Area (PSA), Polarizability (P), Surface Tension
(T) and Molar Volume (MV) were collected from ChemSpider and [30].

Table 2. The physicochemical properties of some COVID-19 drugs.

Drugs Boiling Point Enthalpy of Flash Molar Polar Polarizability | Surface Molar
(BP) Vaporization: Point: Refractivity | Surface Area P) Tension Volume
() (FP) (MR) (PSA) Q) MV)
Arbidol 591.8 91.5 311.7 121.9 80 48.3 45.3 347.3
Camostat 634.6 93.8 337.6 105.4 137 41.8 50.6 309.5
Chloroquine 460.6 72.1 232.3 97.4 28 38.6 44.0 287.9
Hydroxychloroguine 516.7 83.0 266.3 99.0 48 39.2 49.8 285.4
Lopinavir 924.2 140.8 512.7 179.2 120 71.0 49.5 540.5
Nafamostat 637.2 94.1 339.1 95.4 141 37.8 61.9 248.4
Remdesivir - - - 149.5 213 59.3 62.3 409
Ritonavir 947.0 1444 526.6 198.9 202 78.9 53.7 581.7
Thalidomide 487.8 79.4 248.8 65.2 87 25.9 71.6 161
Theaflavin 1003.9 153.5 336.5 137.3 218 54.4 138.6 301.0
Table 3. Reverse degree indices for some COVID-19 drugs.
Drugs RM, | RM, RR1 RSCI RH RHZ RGA RAG RISI RReZG, | RReZG;
2
Arbidol 98 75 22.23631094 | 18.00732705 21.40 334 | 29.66122969 | 32.49476550 22.20 46.33 270
Camostat 100 75 19.85516038 16.65181787 18.67 344 28.14712250 32.05346651 21.92 42.33 264
Chloroquine 78 64 14.95647849 12.73684398 14.30 278 22.00535110 24.07856459 17.90 31.33 240
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RM, | RM, RR1 RSCI RH RHZ RGA RAG RISI RReZG4
2

RReZG;

Hydroxy-chloroquine 82 68 15.45647849 | 13.23684398 14.80 294 23.00535110 25.07856459 18.90 32.33

256

Lopinavir

162 127 32.76093778 | 27.49675286 31.33 560 46.78438405 | 51.45080774 36.83 68.67

454

Nafamostat

90 66 19.20045985 15.85892465 | 18.167 300 26.41507169 29.74406543 19.92 40.67

226

Remdesivir

230 288 19.15023333 20.21227396 18.36 1220 | 43.41616283 46.76790298 53.99 40.083

1586

Ritonavir

176 136 35.08092873 29.54664090 33.33 606 50.30726371 55.96946931 39.58 74

482

Thalidomide

64 47 15.55204177 12.41384908 15 210 20.12095587 21.98276318 14.50 32.33

162

Theaflavin

134 88 35.32985187 27.60120085 33.67 414 43.40205295 | 38.88152916 29.17 54.33

Eleven reverse degree-based topological indices such as reverse first. Second Zagreb
index, reverse Randi¢ index, reverse sum connectivity index, reverse harmonic index, reverse
hyper Zagreb index, reverse geometric-arithmetic index, reverse arithmetic-geometric index,
reverse inverse sum indeg index, reverse redefined first Zagreb index and reverse redefined
third Zagreb index that was examined in this section (Table 3). To conduct prediction analyses,

we examine the following linear regression model. B, = m ( RG;g; +d,
p @

Where B, is any physical property from table 1, d is the regression model constant, m is the
individual reverse degree-based topological indices coefficient, and RGisy, o is any predictor

from table 3. This linear regression model was used in compiling table 4, which shows a
correlation coefficient of the physicochemical properties of ten COVID 19 drugs and
investigating reverse degree-based topological indices, using data from tables 2, 3, and SPSS
software. Our linear regression models listed in Table 5 are based on the highest correlation
coefficients in Table 4, written in bold, to predict each physicochemical property of the studied
drugs. As indicated in Table 5, r stands for correlation coefficient, SE represents a standard
error, and F represents F statistics. An illustration of this situation can be seen in Figure 11-17
graphically. Using both correlation (Table 4) and regression analyses (Table 5), we can
conclude that the most predictive reverse degree-based topographic indices are

J RG,S,(;lo) = RR(G) (reverse Randi¢ index) for BP (Boiling point) & Enthalpy of

>

vaporization (E).
o %RG,SI(_1 : = RAG(G) (reverse arithmetic-geometric index) for FP (Flashpoint), MR
—2,1

(Molar refractivity), MV (Molar volume), and P (Polarizability).
o ZRG,S,(1 : = RGA(G) (reverse geometric arithmetic index) for PSA (Polar surface area).
71

Table 4. Correlations between reverse topological indices and physicochemical properties of COVID-19 drugs.
RM, RM, RR; RSCI RH RHZ RGA RAG RISI RReZG,

260

RReZG;

2
Boi|ing Point (BP) 0.921693326 0.83153354 | 0.984957973 0.97934052 | 0.982810162 | 0.865844307 | 0.962800986 0.8850942 | 0.903172718 | 0.901332556

0.71518039

Enthalpy of

0.917821994 | 0.828941645 | 0.987248753 | 0.980158209 | 0.986236282 | 0.861410328 | 0.962531641 0.8787326 | 0.901178039 0.8967595

Vaporization: (E)

0.7128015

Flash Point: (FP)

0.942886513

0.955618991

0.819850243

0.864192451

0.817047475

0.95688888

0.902012996

0.9722246

0.947551476

0.9611071

0.9366844

Molar Refractivity
(MR)

0.81606386

0.575442959

0.820976339

0.911122553

0.821706812

0.597639576

0.951552475

0.9733115

0.795621021

0.9037533

0.4259689

Molar Volume
(MV)

0.749150694

0.534693133

0.700687639

0.799927439

0.70116223

0.550802546

0.85535017

0.9283629

0.735957625

0.8617609

0.3948805

Polar Surface Area
(PSA)

0.754479093

0.607555724

0.649979029

0.729899954

0.645243941

0.636082394

0.782495012

0.7144299

0.72531629

0.5598402

0.5199564

Polarizability (P)

0.816550807

0.576092838

0.820725436

0.911039333

0.82144982

0.598285248

0.951685154

0.9735999

0.796122829

0.9037271

0.4266732

Surface
Tension(T)

0.103670046

0.016192078

0.450800976

Table 5. Statistically best linear prediction models.

0.377518315

0.451245573

0.008247485

0.274693946

0.0609114

0.07168639

0.1202036

Regression Equation r SE F

BP = 123.542 + 24.198(RR:) 0.984957973 39.10265 227.445
E = 22.043 + 3.584(RRy) 0.987248753 5.32331 269.244
MR = 4.057 + 3.371(RAG) 0.973311517 10.07987 143.904
P = 1.586 + 1.337(RAG) 0.973599989 3.97506 145,542
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Regression Equation r SE F
FP = 47.486 + 8.611(RAG) 0.972224608 26.61489 120.785
MV = —14.009 + 10.075(RAG) 0.928362855 51.14717 49.911
PSA = —27.912 4+ 4.660(RGA) 0.782495012 44.84448 12.634
1000
& 800
600 A

400
15 20 25 30 35

RRI

Figure 11. Reverse Randic index versus Boiling Point.
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60
16 20 25 30 35
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Figure 12. Reverse Randic index versus Enthalpy of Vaporization

200
175

MR

125 A
A
100 A

Figure 13. Reverse Arithmetic Geometric index versus Molar Refractivity.
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30
20
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Figure-14. Reverse Arithmetic Geometric index versus Polarizability.
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Figure 15. Reverse Arithmetic Geometric index versus Flash Point.
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200
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Figure 16. Reverse Arithmetic Geometric index versus Molar VVolume.

250
200
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100

50

20 30 40 50 60
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Figure 17. Reverse Geometric Arithmetic index versus Polar Surface Area.
4. Conclusions

Drug development can be aided by topological indices, which allow insights into the
molecular structure of the molecule. So in this article, by using reverse degree topological
indices, we examined the molecular structure of certain antiviral drugs used to treat COVID-
19. We first computed the general reverse inverse sum indeg index for ten antiviral drugs, then
derived several reverse topological indices. Next, in this article, we tried to verify whether
reverse degree-based topological indices had any meaningful interpretation and, more
specifically, if they could be incorporated into QSPR models. Based on a QSPR analysis, we
found topological indices based on reverse degrees to be extremely effective for predicting the
physicochemical properties of studied drugs. The most predictive reverse degree topological
indices are Reverse Randi¢ index (RAG) for BP (Boiling point) & Enthalpy of vaporization
(E), Reverse arithmetic-geometric index (RAG) for FP (Flash point), MR (Molar refractivity),
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MV (Molar volume), P (Polarizability) and Reverse geometric arithmetic index (RGA) for PSA
(Polar surface area).
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