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ARTICLE INFO ABSTRACT
Keywords: In theoretical chemistry, topological indices are commonly employed to model the physico-
Irregularity indices chemical properties of chemical compounds. Mathematicians frequently use Zagreb indices to

Antiviral drugs
Edge partition
Topological indices
Graph polynomials

calculate a chemical compound’s strain energy, melting point, boiling temperature, distortion,
and stability. The current global pandemic caused by the new SARS-CoV-2, also known as
COVID-19, is a significant public health concern. Various therapy modalities are advised. The
issue has become worse since there hasn’t been enough counseling. Researchers are looking at
compounds that might be used as SARS and MERS therapies based on earlier studies. In several
quantitative structure-property-activity relationships (QSPR and QSAR) studies, a variety of
physiochemical properties are successfully represented by topological indices, a sort of molecular
descriptor that just specifies numerical values connected to a substance’s molecular structure. This
study investigates several irregularity-based topological indices for various antiviral medicines,
depending on the degree of irregularity. In order to evaluate the effectiveness of the generated
topological indices, a QSPR was also carried out using the indicated pharmaceuticals, the various
topological indices, and the various physiochemical features of these antiviral medicines. The
acquired results show a substantial association between the topological indices being studied by
the curve-fitting approach and the physiochemical properties of possible antiviral medicines.

1. Introduction

The SARS-CoV-2 virus strain is the source of the infectious disease coronavirus disease 2019 (COVID-19), which is also known as
COVID-19 [1]. In 2019, in Wuhan, China, the first COVID-19 case was reported. Since then, instances have spread internationally,
causing the coronavirus pandemic crisis between 2019 and 2020 [2]. In the spectrum of identified cases, there will be four deaths
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List of Abbreviations

QSPR quantitative structure—property relationships Hg(x) Degree vertices of x
QSAR quantitative structure-activity relationships (%) Degree vertices of y
PHEIC  Public Health Emergency of International Concern BP
WHO World Health Organization

CT(Scan) Computed Tomography Scan

GLOPID-R Global Research Collaborative on Infectious Dis-

ease Preparedness
M, First Zagreb PSA Polar Surface Area

M, Second Zagreb P Polarizability

Boiling Point
MV Molar volume
FP Flash point
Surface Tension

up until March 2020, according to [3]. The 2019-2020 coronavirus outbreak has been declared a pandemic and a Public Health
Emergency of International Concern (PHEIC) by the World Health Organisation (WHO) [4]. In many countries throughout each
of the six WHO regions, there is proof of close disease transmission. Infected people frequently have symptoms including fever,
coughing, and shortness of breath; however, less often seen symptoms include muscular discomfort, sputum production, and raw
throat. While most instances have mild symptoms, some develop severe pneumonia and multi-organ failure [5]. According to [6], the
virus frequently spreads from one person to another by respiratory droplets made while coughing and sneezing. Typically, it takes
2 to 14 days from exposure to the start of symptoms, with a mean of 5 days [7]. A chest computed tomography scan (CT scan) that
shows potential respiratory diseases can be used to detect the infection in addition to a combination of symptoms, risk factors, and
these tests. For persons who are suspected of having the virus and their caretakers, but not for the general public, suggested infection
prevention methods include regular hand washing, social withdrawal, keeping hands away from the face, and mask-wearing [8].
Coronavirus is not currently being treated with a vaccine or any specialized antiviral medications. However, management includes
symptom therapy, follow-up care, seclusion, and experimental methods.

Comparing existing experimental data on topological indices can be a complex task, as it depends on the specific indices being
considered, the types of molecules or structures they are applied to, and the sources of data available. Topological indices are mathe-
matical descriptors that provide information about the structure of molecules or networks, and they can have various applications in
chemistry, biology, and materials science. Some common topological indices include the Wiener index, the Randic index, and the Za-
greb indices, among others. For this, we observed select molecules or structures, collected experimental data, calculated topological
indices, performed statistical analysis, etc. The COVID-19 pandemic poses a serious threat to the global public health infrastructure.
The whole community became more aware of the worst-case possibilities as the number of instances, patients, and fatalities increased
globally. In order to combat the COVID-19 pandemic, the medical and scientific communities are working together to collect the
most up-to-date information available through diagnosis, treatment, and management procedures. The COVID-19 Study Roadmap
was created in January 2020 by the WHO in collaboration with the Global Research Collaborative on Infectious Disease Preparedness
(GLOPID-R) (www.glopid-r.org). There is no established plan for treating COVID-19 individuals, despite awareness of the SARS-CoV-
2 infectious cycle. In the meantime, researchers from all around the world are working hard to develop therapeutic medicines or
vaccines against viruses. Numerous novel medications that have shown antiviral activity against SARS-CoV-2 were studied in the
study based on current scientific findings and recommendations. Every year, chemical laboratories produce a sizeable fraction of
new pharmaceuticals and medicines that are then released into the market following research trials. In order to determine their
toxicity, side effects, and biological activity on the human body, several tests and studies are first required. For nations with limited
resources, testing these medications would be exceedingly expensive and would require expensive laboratories. Researchers studied
a sizable number of chemical compounds and examined their molecular structures to draw conclusions about the qualities of drugs.
Numerous scientific research studies have shown a substantial correlation between the qualities of medications or treatments and
their molecular structure. Drugs’ medicinal qualities can be derived by applying chemical graph theory [19,21,44] to the molecular
structure of the relevant medication. Chemical graph theory is a branch of mathematical chemistry that integrates math, chemistry,
and graph theory to quantitatively resolve chemistry-related problems [9-11]. A topological index is a type of molecular descrip-
tor that is commonly used in quantitative structure-property/activity relationship (QSPR/QSAR) studies. It is an efficient way to
model many physicochemical properties by simply defining numerical values associated with the molecular structure of a compound
[25,12,27,13]. The further study on this subject were presented in [29,14,15,34]. Further discussed in this paper is an analysis of
the topological indices provided above using QSPR. We demonstrate, using the polynomial regression approach, that the obtained
attributes are significantly related to the properties of COVID-19 antiviral medications.

Applications of molecular descriptors in chemistry:

Molecular descriptors, also known as molecular indices or molecular features, are numerical representations that capture various
properties and characteristics of molecules [30,31]. These descriptors play a significant role in a wide range of applications in
chemistry, bioinformatics, drug discovery, materials science, and other fields. Here are some common applications of molecular
descriptors:
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(i) Quantitative Structure-Activity Relationship (QSAR) Studies: Molecular descriptors are used in QSAR studies to establish rela-
tionships between the chemical structure of a molecule and its biological activity. This is valuable in drug design, predicting
biological effects, and understanding molecular interactions.

(i) Drug Design and Discovery: Molecular descriptors help in designing new drug candidates by predicting their properties, such
as solubility, bioavailability, toxicity, and binding affinity to target proteins. These predictions aid in selecting promising
candidates for further development.

(iii) Virtual Screening: Molecular descriptors are employed in virtual screening processes to prioritize compounds from large chem-
ical libraries. Descriptors can be used to filter out molecules that are less likely to be successful drug candidates.

(iv) Quantitative Structure-Property Relationship (QSPR) Studies: Similar to QSAR, QSPR involves using molecular descriptors to
establish relationships between molecular structure and physical or chemical properties, such as boiling point, melting point,
refractive index, and more.

(v) Material Design and Discovery: Molecular descriptors are used in materials science to predict properties of materials, such as
electronic properties, conductance, and thermal stability. This aids in designing new materials with specific desired properties.

(vi) Environmental Chemistry: Molecular descriptors can be used to predict the environmental behavior of molecules, such as their
persistence, bioaccumulation, and potential toxicity.

(vii) Cheminformatics and Bioinformatics: In cheminformatics and bioinformatics, molecular descriptors are used for data analysis,
similarity searching, clustering, and classification of compounds.

(viii) Toxicity Prediction: Molecular descriptors contribute to toxicity prediction models, helping to identify potential hazardous
compounds and prioritize safety assessments.

(ix) Quantum Chemistry and Computational Chemistry: Molecular descriptors are sometimes used as input features for quantum
chemical calculations and molecular modeling, aiding in simulating molecular properties and behavior.

(x) Analytical Chemistry: Molecular descriptors can be used to develop calibration models for analytical techniques like spec-
troscopy and chromatography.

(xi) Molecular Visualization and Communication: Descriptors can be used to visualize and communicate molecular properties in a
simplified form to researchers, making complex molecular information more accessible.

(xii) Machine Learning and Data Mining: Molecular descriptors serve as input features for machine learning algorithms, facilitating
the development of predictive models and pattern recognition.

These are just a few examples of the diverse applications of molecular descriptors. Their versatility and ability to capture essential
molecular information make them fundamental tools in various scientific and industrial domains.

2. Graph-theoretical preliminaries

The graph theory concepts that must be understood in order to establish the conclusions in the next parts are listed in this
section, [38,39]. These definitions might be used to create reliable machine learning and artificial intelligence techniques for a
vast combinatorial library of medications. A molecular graph is a straightforward graph in which the vertices and edges represent,
respectively, the atoms and bonds of the substance. Allow G to stand for a graph with a set of vertices V' (G) whose cardinality is
a and subsets of two elements called the edges constituting E(G), whose cardinality equals the size g, of V(G). In 1975, Gutman
provided the concept of Zagreb indices, and they have given the definition of the first and second Zagreb indices, which are defined
as

M(G)= Y (ug(x)+pug() and My(G)= Y  pug(x)ug(y), where pg(x) and ug(y) are degrees of vertices x and y in G,
xyeE(G) xyEE(G)
respectively.

If specific criteria are satisfied, topological indices are regarded as irregularity indices. The topological indices of a graph must
first be larger than or equal to zero. Second, if a graph’s topological indices are equal to zero, it is assumed that the graph is regular.
The irregularity indices of a connected graph G with a vertices and § edges are defined as follows;

1. VARG)= Y (uG(x)—%)Q

xeV(G)

2. ALG) = X |ug(®) = ug(y)|
xyeE(G)

3. 1RGO = ¥ w0’ = (L) ¥ uel?
x€V(G) x€V(G)

4. IR)(G)= 3 ”G(X;HG(Y) _ %)
xyeE(G)

5. IRF(G)= ¥ (u6(x) = ug(»)
xyeE(G)
_ IRF(G)

6. IRFW(G)= MG

1 1
7. IRAG) = Y (ug(x)"2 = pug(»)2)?
xyeE(G)

1
8. IRB(G)= Y (m;(x)%—uc(y)i)2
xyeE(G)
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Fig. 1. Molecular structure of Lopinavir/Ritonavir (C;; H;gN,Os)
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3. Methodology and main results

The formulae for the relevant irregularity indices of the molecular graphs of the eight antiviral medications used in the treatment
of COVID-19 are derived in this section using combinatorial computing, edge partitioning, and degree counting. First, we establish
the sixteen irregularity indices of the Lopinavir molecular graph.

3.1. Clinically used drugs

Being a virus that spreads quickly, SARS-CoV-2, it is essential to treat people who are affected as soon as possible. Here is a list
of some of the most popular medicines.

1. Lopinavir/Ritonavir
Lopinavir (see Fig. 1) is a protease inhibitor that specifically targets the HIV virus. The FDA approved it in 2000 after it was
found in 1998. This drug inhibits proteolytic processing and blocks the generation of viral proteins by imitating the structure of
a peptide that HIV protease has cut. This medication, when used with oseltamivir, another flu medication, was found to result
in full recovery after exhibiting pneumonia-related COVID-19 symptoms [16,17].

2. Remidesivir (anti-viral peptide)
This drug (see Fig. 2), SARS-CoV, MERS-CoV, and Ebola have all been treated with an adenosine nucleotide association... In a
recent study, Remidesivir scored 0.77M at half maximum dose against COVID-19 and halted the spread of viruses [18].
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Fig. 2. Molecular structure of Remidesivir (C,; H;5 NgOg P)

Fig. 4. Molecular structure of Hydroxychloroquine (C,3 H,,CIN;0)

3. Chloroquine
This anti-malarial medication has demonstrated potential as a method of treating influenza A vulvaris (Yan et al., 2013). The
immune system is modulated by the antiviral medication chloroquine (see Fig. 3). By increasing the endosomal PH required for
viral fusion, this drug prevented viral infection and showed 1.13M against SARS-CoV-2 at half the recommended dose [20].

4. Hydroxychloroquine
Its antiviral properties are extremely comparable to those of chloroquine. (see Fig. 4). Both have immune-modifying qualities
that may improve their in vivo antiviral effects. According to a Forbes article dated March 30, 2020, the FDA has approved
hydroxylchloroquine as an urgent coronavirus therapy. By preventing T cell activation, hydroxychloroquine reduces the cytokine
storm and decreases the initial course of COVID-19 [22].

5. Theaflavin
It is a molecule of polyphenol (see Fig. 5) found in that has been connected to the advantages associated with consuming black
tea and has demonstrated antiviral activity against several viruses, including influenza A, B, and C [23,24].

6. Arbidol
With signs of effectiveness against severe acute respiratory syndrome in vitro, arbidol, a conventional antiviral drug, is becoming
more popular as a COVID-19 therapy, see Fig. 6.
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Fig. 7. Molecular structure of Arbidol(C\;H,,N,0,)

Table 1

Partition of edge set of molecular graph of Lopinavir.
Edge Partition (u; (x), ;. () (1,3 2,2) (2,3) (3,3)
Frequency 8 14 20 7

7. Thalidomide
A potential drug for the treatment of COVID-19 patients with severe symptoms is thalidomide (see Fig. 7). The patient’s oxygen
index was rapidly improved, and combining 100 mg of thalidomide with a little dose of methylprednisolone allowed for the
management of the development of any adverse effects. [26,28,32].

Result and Method.
Let L be a molecular graph of Lopinavir (see Fig. 8 and Fig. 9) with a =46 vertices and g = 49 edges. By the structure analysis of
L, we have the following Table 1.



M.U. Ghani, M. Imran, S. Sampathkumar et al. Heliyon 9 (2023) e21401

Arbidol Chloroquine

/

Hydroxychloroquine

Thalidomide Theaflavine

Fig. 8. The chemical structures of COVID-19 drugs

2.1
Jb BRERR S
: fj Y

[

Lopinavir Ritonavir

Fig. 9. The chemical structures of Lopinavir and Ritonavir

By the definitions of irregularity indices, we obtain;
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Table 2

Partition of edge set of molecular graph of Ritonavir.
Edge Partition (ug(x), ug(») 1,3) (2,2) (2,3) 33
Frequency 9 13 26 5

IRLIL)= Y, |Inup(o)=Inuy ()]
xyeE(L)

=8x |Inl —In3|+ 14X |In2 = In2] + 20X |In2 = In3]| + 7 x |In3 — In3)|

=8 X (0—1.0986) + 20 x (0.6931 — 1.0986) = 16.8988.

) —
RLu@y= Y OOl g2 0 g g,
xyeE(L) minfpy (x), up(»)} 1 2 2 3
IRLF(L)= =il e 2 e O yoox L 175 O 2174008,
xyeE(r) VHLOuL(Y) V3 V4 NG NG
) —
IRLA(L)=2 M=2(8x3+14x9+20x1+7><9)=16.
e E(L) ur () +pup(y) 4 4 5 6

IRD (D)= Y In{1+|ug(x) = ()]}
xyeE(L)

=8xIn{1+2} +14xIn{1+0} +20x In{1+ 1} +7x In{1 +0}
=8x1.0986 + 14 X 0+ 20 X 0.6931 +7X 0

=8.7888 + 13.862 = 22.6508.
+
IRGA(L)= Z In{w

syeb(L) 2V HL(OuL(y)

=8><ln{%}+14><ln{1}+20><1n{ 3

6

}+7xIn{1}

=1.5584.

Next we obtain the irregularity indices of Ritonavir.

Let G be a Ritonavir’s molecular graph (see Fig. 1) with 50 vertices and 53 edges, that is, alpha =50 and beta = 53 as determined
by its structure [33,35,36]. By the structure analysis of G, we have the following Table 2.

By the definitions of irregularity indices, we obtain;

M(G 26 \2
VAR(G):%_({) :%_(2;(053

ALG) = Y, |ue(x) = ng(y)| =44,
xyeE(G)

2
) —0.4656.

IR,(G) = F(G) - (%ﬂ)MI(G)=622—(
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IRF(G) 112
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=a—2(9>< L ax— y2ex —— 5% L )
V1Ix3 V2x2 V2x3 V3x3
=2.0454.

IRB(G) = M,(G) — 2v/ ng(0)uc(y) = 248 — 2 X 62.9567 = 122.0866.
62.9567 (2 x 53

IRC(G)=
53 50

) =0.9322.

IRDIF(G)=9><‘
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‘+26><‘

W

‘ =45.6666.
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Table 3

Partition of edge set of some molecular graphs.
(u(x), u(y) Arbidol Thalidomide Remsesivir Chloroquine H-chloroquine Theaflavin
1,2) 1 - 2 2 2 -
1,3) 6 4 5 2 2 10
1,49 - - 2 - - -
2,2) 6 4 9 5 -
2,3) 9 6 14 12 12 22
2,49 - - 4 - - -
3,3 9 7 6 2 2 14
3,9 - - 2 - - -
Total Frequency 31 21 44 23 24 46

Table 4

Topological descriptors and their values of molecular graphs of the drugs.
TDs Lopinavir Ritonavir Arbidol Thalidomide Chloroquine H-Chloroquine Theaflavin Remdesivir
VAR 0.4614 0.4656 0.6018 0.5874 0.6617 0.4464 0.4275 0.6722
AL 36 44 22 14 42 18 18 42
IR, 88 96.24 71.315 46.108 122.3992 40.3646 40.441 112.9274
IR, 0.1508 0.0735 0.265 0.2487 0.2705 0.1932 0.1861 0.2583
IRF 68 112 34 22 72 22 22 62
IRFW 0.2666 0.4392 0.1899 0.1732 0.2801 0.1833 0.1774 0.2153
IRA 1.7658 2.0454 7.0826 0.8154 1.984 7.0644 0.7312 0.2153
IRB 6.308 122.0866 4.2966 2.75 7.954 34.6272 2.6272 2.1566
IRC 0.1522 0.9322 0.2121 0.2002 0.2178 0.5397 0.15 0.2172
IRDIF 3.7999 45.6666 57 15.6666 42.6666 18.3333 18.3333 20.9999
IRL 16.8988 20.4304 10.9342 6.8274 18.677 8.4494 8.4494 19.907
IRLU 26 31 17.5 11 29.6666 12 12 31
IRLF 17.4028 21.007 11.3097 7.0684 19.3091 8.6226 8.6226 20.5287
IRLA 16 94.09 5.4666 6.4 20.238 7.1332 7.1332 18.8
IRD, 22.6508 27.908 7.5226 8.553 16.8186 11.9006 11.9006 26.2342
IRGA 1.5584 1.8246 1.1053 0.6976 1.8248 06502 06502 1.8868

IRLG) = Y, |Inpug(x)=Inpgy)|
xyeE(G)

=9x |Inl—In3|+26x |In2 - In3|

=9 % (0—1.0986) +26 x (0.6931 — 1.0986) =20.4304.

[Ha() = W]

IRLU(G) = Z 9% 2 4+26% L =31,

Z e mintug® gl 1%
IRLF(G)= M:gxi.'.Z()xi:zl.oo’l

xyeEG) VHcXHe() \/5 \/E
TRLA(G)=2 M:Z(Qx%+26x%>=94.09

were M)+ uc(y)

IRD;(G)= Y In{l+]|us() = ug»|}
xyeE(G)

=9xIn{3}+13xIn{1} +26XxIn{2} +5XxIn{1}
=27.908.

IRGAG) = Z In He(x) + ug(y)

xyeE@G) 2V Hc(Xug(y)

—OxIn{—2=}+13xIn{1} +26 X In{
V3 24/6

}+5xIn{1})

= 1.8246.

Table 3 shows that the edge partitions of vertex degrees for the molecular graphs of the proposed drugs given in Fig. 1.
For all the drugs considered we now list the irregularity indices are derived as in the case of Lopinavir and Ritonavir. These are
listed below in the follow table.

10
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Table 5

Physico-chemical properties of COVID-19 drugs.
Drugs BP E FP MR PSA P T MV
Lopinavir 924.2 1408 5127 1792 120 710 495 5405
Ritonavir 9470 1444 5266 1989 202 789 537 5817
Arbidol 5918 915 3117 1219 80 483 453 3473
Thalidomide 4878 794 2488 652 87 257 716 161
Chloroquine 4606 721 2323 974 28 386 440 2879
Hydroxy-Chloroquine 5167 830 2663 990 48 392 498 2854
Theaflavin 10039 1535 3365 1373 218 544 1386 3010
Remdesivir - - - 1495 213 593 623 409

Physico-chemical properties of COVID-19 drugs
6000
5000
4000
3000
2000

1000

BP E FP MR PSA P T MV

=@ Series] ==@==Series2 Series3 ==@==Series4

==@==Series5 Series6 «==@==Series7 «=@==Series8

Fig. 10. Graphical representation of Physico-chemical properties of COVID-19 drugs

4. QSPR/QSAR analysis for anticovid drugs

This section’s main objective is to develop a quantitative structure-property relationship (QSPR) between the various irregularity-
based topological indices and particular physicochemical properties in Table 5 and graphically in Fig. 10 of the medications under
investigation in order to evaluate the effectiveness of the topological indices [37,40,41]. In order to model antiviral activity using
sixteen irregularity-based topological indices, eight representative physicochemical properties including boiling point (BP), enthalpy
of vaporisation (E), flash point (FP), molar refraction (MR), polar surface area (PSA), polarizability (P), surface tension (T), and
molar volume (MV) were used.

We list the measured values of the irregularity-based topological indices for the COVID-19 medications derived in Table 4. The
physicochemical properties of the proposed drugs are listed in Table 5. For each plot, we performed polynomial fitting in order to
generate an equation. Table 6 shows the adj. R? value for each plot. For boiling point, enthalpy, FP, MR, PSA, and P, it can be shown
that the VAR descriptor has the best value (that is, adj. R? is closest to 1), respectively [42,43]. The highest value of adj. R? ensures
the best fit for the data, and, as a result, the equation produced from it has the least amount of inaccuracy. For T, the VAR and
IR, descriptors are higher predictions and have the best adj. R? values, which are close to 1. Finally, for the property Molar Volume
(MV), the VAR, IR,,IRDIF,IRL, IRLF,IRLA, and IRD, are the suitable predictors that have the higher adj. R? values close to
1. Among these, I RL is the best-suited predictor for molar volume.

The equation obtained between BP vs V AR is as follows;

BP =ag(VAR)® — as(V AR)> + a,(V AR)* — a5(V AR)® + ay(V AR)? — a;(V AR) + f, (6))
where ag = 1166160569.0887, a5 =4044449970.9457, a, = 5799985647.1694,
a3 = 4402008812.7206, a, = 1864808742.3685, a; = 418059537.0011and p = 38748951.7427.

The equation obtained between E vs V AR is as follows;
E =ag(VAR)® — as(VAR) + a,(V AR)* — a3(V AR)® + a,(V AR)? — a;(V AR) + 3, 2)
where ag = 149113137.2664, as =521405225.1238, a, = 753314513.3290,
a3 = 575632846.2723, a, = 245366473.7467, a; = 55318493.139 and g, = 5153835.7661.

The equation obtained between FP vs V AR is as follows;
FP=ag(VAR)® — as(VAR) + a,(VAR)* — a3(V AR)> + a,(V AR)* — a;(V AR) + f,, 3
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Fig. 11. Scatter plot between TIs and properties of the drugs

where ag = 574341021.4219, a5 =1980185583.7934, a, =2822657956.7383,

a3 =2129137129.2698, a, = 896257438.2624, a; = 199616275.3451and p, = 18377312.

The equation obtained between M R vs V AR is as follows;

MR =ag(VAR)® —as(VAR) + a,(VAR)* — a3(V AR)® + ay(V AR)? — @, (V AR) + 5,

where ag = 527474636.7127, a5 =1749587979.9320, a4 =2404445723.5146,

a3 = 1752208246.5926, a, = 714036239.2036, a; = 13803019.5391and p; = 13803019.

The equation obtained between P.SA vs V AR is as follows;

PSA=ag(VAR)® —as(VAR)’ + ay(VAR)* — a3(V AR + ay(V AR)* — a;(V AR) + f,,

@
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IR2 IRL
(a) Correlation of IR2 index with T (b) Correlation of IRL index with MV

Fig. 12. Scatter plot of TIs against T and MV

where ag = 660863774.0586, as=2198956762.4778, a4 =3035709313.8916,
a3 =2225200580.4419, a; = 913231000.8994, a; = 198923151.7951and p, = 17963825.

The equation obtained between P vs V AR is as follows;

P=ag(VAR)® — as(VAR)’ + ay(V AR)* — a3(V AR)* + ay,(V AR)* — a;(V AR) + fs, (6)
where ag =209772391.8457, a5 =695786123.7815, a, =956197186.7151,
a3 = 696803056.2546, a, =283946061.7945, a; = 61342938.0875and fis = 5488718,

The equations obtained between T vs VAR and T vs I R, are as follows;

T =as(VAR)> + a,(VAR)* — a3(V AR)® + a,(V AR)* — a;(V AR) + f§;, 7
where a5 = — 11134749.8385, a, = 32176507.3426, a; =36871157.3849,

@y =20936252.9427, a; =5889594.1456 and fi; = 656685.9456.

T = ag(I Ry)® — as(I Ry’ + ay(I Ry)* — a5 (I Ry)® + ay(I Ry)> — a; (I Ry) + fi7, €))
where ag = 8688348552.6058, a5 = 10369413759.3853, a, =5029282934.2713,

ay = 1262426363.5738, a, = 171750161.0431,a; = 11880534.9052 and f, = 320798.4392.

The equations obtained between MV vs IRDIF, MV vs IRL and MV vs I RD, are as follows;

MYV =as(IRDIF)’ — ay(IRDIF)* + ay(IRDIF)* — ay(IRDIF)* — a;(IRDIF) + fig, 9
where as = 0.0015, a, =0.0758,a; = 1.4023, a, = 1.0339,a; = 183.4683and f; = 1190.2864.

MV = ag(IRL) + as(IRL)® — ay(I RLY* + a5(IRL)? — ay(IRL)* + a;(IRL) — f, (10)
where ag = —0.0138, a5 =1.2445, a, =44.8583, a; = 825.8360,

ay = 81822296, a; =41427.8308 and f, = 83698.607.

MV =ag(IRD,)® — as(IRD,)’ + a,(IRD)* — a3(IRD,)* + ay(IRD;)* — a;(IRD,) + fyq. (11
where ag = 0.0022, as=0.2363, a,=10.1241, a3 =223.4032,

ay =2671.4539, a; =16364.8873 and S, = 40248.3902.

It was discovered that IR, has a good association with the estimated 50% inhibitory concentration IC50 values after the polyno-
mial regression models were briefly applied to the inhibitor and suggested index.

1C50 = —41656738.22(1 Ry’ +39351097(1 R,)* — 14319440.56(I R,)® + 2487953.03(1 R,)*
—203919.65(1 R,) + 6182.86. (12)

The polynomial model (12) of the I R2 index and the 50% inhibitory concentration IC50 values is presented in Fig. 13. For the
studied medicines, Table 7 displays the observed IC50 from model (12) together with the anticipated activity estimated using the
curve fitting model.
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Table 6

The adj R? values for the fitted curve of topological descriptors against the properties of COVID-19 drugs.
Topological descriptors BP E FP MR PSA P T MV
VAR 0.9761 0.979 0.976 0.9973 0.9105 0.9974 0.9991 0.994
AL - - 0.6499 0.6486 - 0.649 - 0.874
IR, - 0.6177 0.9538 0.8571 - 0.857 - 0.9956
IR, - - 0.6264 0.8676 0.6283 0.8663 0.999 0.8668
IRF - - 0.9488 - - - - 0.8009
IRFW - 0.6376 0.93 0.6678 - 0.6672 - 0.9388
IRA - - - - - - 0.9875 -
IRB - - - - - - - 0.8498
IRC 0.681 0.6591 - - - 0.9788 0.726 -
IRDIF - - 0.9561 0.8761 - 0.8765 - 0.9969
IRL - - 0.9561 0.8342 - 0.8347 - 0.9969
IRLU - - - 0.6716 - 0.6712 - 0.7458
IRLF - - 0.9561 0.8554 - 0.8558 - 0.9955
IRLA 0.63 0.6655 0.969 0.8145 - 0.815 - 0.9965
IRD, - - 0.9561 0.8151 - 0.8156 - 0.9969
IRGA - - - - - - - -

Table 7

Drugs for COVID with predicted and experimental IC50 values.
Drugs 1C50(x M) Predicted IC50 using model (12) Residual
Lopinavir 5.25 -138252764491.65 138252764496.9
Ritonavir 8.63 -1784811742621.96 1784811742630.59
Arbidol 3.53 -17322156839.6858 17322156843.2158
Chloroquine 1.38 -98941339.29 98941340.67
Hydroxy-Chloroquine 0.72 -1680665.58 1680666.3
Theaflavin 8.44 -1592768014194.76 1592768014203.2
Remdesivir 0.98 -12639764.28 12639765.27

ICS0

/

IR2

Fig. 13. Scatter plot between I R, and IC50.

5. Conclusion

Start by understanding the theoretical underpinnings of the topological index you’re studying. Each index is based on specific

mathematical relationships that reflect certain structural or connectivity aspects of molecules. Relate the index to the underlying
chemical and physical properties it is expected to capture. For example, consider how the index might relate to molecular size,
shape, branching, connectivity, or electronic properties. Our investigation of the suggested indices in Section 1 has shown us that
Table 6 and Figures (Fig. 11 and Fig. 12) that
« The properties Bp, E, Fp, Mg, PS, and P can be predicted using only ¥ AR index as the corresponding adj. R? values are 0.9761,
0.979, 0.976, 0.9973, 0.9105, and 0.9974, respectively. As a result, the V AR index is ideal for forecasting these six physical qualities.
« The property T can be predicted using VAR, IR, and IRA indices as the corresponding adj. R*> values are 0.9991, 0.999, and
0.9875, respectively. We can see that both VAR and I R, are the best-suited predictors for T.
« For the property MV can be predicted using VAR, IR|,IRFW ,IRDIF,IRL,IRLF,IRLA and I RD, indices as the corresponding
adj. R? values are 0.994, 0.9956, 0.9388, 0.9969, 0.9969, 0.9955, 0.9965, and 0.9965, respectively. We can observe that the TRDIF
IRL and IRD, are the best-suited predictors for MV. The physical interpretation of topological indices can provide insights into
various properties and behaviors of molecules, networks, or structures.
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