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Abstract

The new disease caused by the family of the coronavirus, SARS-CoV-2 disease, has spread rapidly
all over the world and causes deaths. Therefore, it has been declared a pandemic. No drug has yet
been discovered to end this pandemic. Some drugs are used to slow down the pandemic. However,
since these drugs are not sufficient, combinations and analogs of these drugs are being studied. With
topological indices, physicochemical and bioactivity properties of chemical structures can be predicted.
The topological index is a numerical descriptor obtained from the molecular graph of chemical structures.
In this study, degree-based topological indices of analogs of lopinavir and favipiravir are computed and
these results are used to predict Boiling point property with curvilinear regression.
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1 Introduction

Coronavirus family is enveloped, positive-sense, single-stranded RNA viruses [1]. SARS-CoV-2 (COVID-
19) is a positive single-stranded RNA virus containing proteins[2]. This virus, which emerged in China
in 2019, spread to the whole world, and was declared a pandemic by the WHO on March 20, 2020, and
approximately three million people have now lost their lives due to this disease[3]. Drugs such as Chloroquine,
Hydroxychloroquine, Azithromycin, Remdesivir, Lopinavir, Ritonavir have been used to treat this disease[4].
Vaccines have been produced for COVID-19, but many of these vaccines may be insufficient for new variants
of COVID-19. Therefore, medicine to treat COVID-19 disease should be produced. This is a time-consuming
and costly process. To overcome this, chemical graph theory focuses on topological indices.

The topological index is a numerical descriptor of the molecular graph of chemical structure. The molec-
ular graph is represented by non-hydrocarbon skeletons of chemical structure. The edges of the graph corre-
spond to covalent bonds between the atoms and the vertices of the graph correspond to atoms[5]. Topological
indices are generally used in the quantitative structure-property /structure-activity relationship studies to
predict physicochemical and bioactivity properties ([6],[7]). Recently, many articles have been published on
drugs used in the treatment of COVID-19 disease using the topological index (See [8]-[14]).

Rafi et al. has worked on drugs that may be more suitable than drugs used for the treatment of COVID-
19 disease. It has been shown that these drugs contain less toxic and highly curable properties[15].This
drugs are CID10009410, CID44271905, CID3010243, and CID271958 and CID89869520, CID71749833.

In this paper, degree-based topological indices of these chemical structures in the paper of Rafi are
computed and obtained the best predictor model using linear regression for the boiling point property of
these structures.
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2 Material and Method

The structure of all selected compounds was downloaded from the PubChem database [16].

Lopinavir (see Figure 1) and ritonavir (see Figure 1) is an inhibitor of human immunodeficiency virus-
1 (HIV-1) aspartate protease. Since the previous SARS-CoV major protease has 96.1 similarities to the
SARS-CoV-2 major protease, these two drugs can be used as a homologous target [17].
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Figure 1: The chemical structures of a)Lopinavir and b) Ritonavir

Favipiravir is a pyrazine carboxamide derivative with activity against RNA viruses (see figure 2). It is
an antiviral drug developed against influenza (flu virus). It was approved for the treatment of pandemic
influenza emerging in Japan in 2014. It is used to treat moderate to mild COVID-19 patients. It is being
studied for the treatment of COVID-19 disease ([4],[18]).
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Figure 2: The chemical structures of Favipiravir

The structure of CID10009410 is a lopinavir analogue and was generated by adding —F groups at the
end of their two dimensional (2D) structure (see Figure 3) [15].

The structure of CID44271905 which is lopinavir analogue was generated by removing trimethyl-benzene
fragment into the 2D structure of lopinavir (see Figure 3) [15].
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Figure 3: The chemical structures of CID10009410 and CID44271905
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The structure of CID44271958 was generated by adding 1,3,5- trimethyl-benzene and benzene fragments
into the 2D structure of lopinavir (see Figure 4) [15].

The structure of CID3010243 was generated by removing tetrahydro-pyrimidionepropylene urea fragment
and adding 2-imidazolidone fragments into lopinavir (see Figure 4) [15].
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Figure 4: The chemical structures of CID44271958 and CID3010243

CID89869520 structure which is the favipiravir analogue was generated by adding -CH3 groups at the
end of its 2D structure (See Figure 5) [15].

Lopinavir-d8 is a labelled selective HIV-1 protease inhibiting drug which is an analogue of ritonavir, this
drug may act against COVID-19 (See Figure 5) [15].
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Figure 5: The chemical structures of CID89869520 and Lopinavir-d8

The degree-based topological indices used in this study are given in the table below.
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Table 1: Topological Indices and Theirs Mathematical Expressions

Vertex-Degree-based topological indices Mathematical expressions
Fust Zagreb mdex[19] M, (6) = Tupeg(q (diu) +d(v))
Second Zagreb mdex[19] M:(6) = ¥ ypes(q(d(w)d (1))
Hyper Zagreb mdex[20] HM(G) = Vypere (d(u) + div))*
MMax-min Fodeg mdex21] h Aty [max (2 iu.aen
Mg (G) = ZquE:E:,J%
Min-max Redeg mdex[21] min [diu)d(r)}
Mg (0) = EHDEE'[I?J ek (2l din]
Albertson index[27] irr(G) = ¥ ypesie | di) — div)]
Sigma index[23] 6(6) = Yuvess (du) — d(v))*
B o -C = ¥ f S di(u)d ()
Inverse symmetric deg mdex[24] ISDD(E) = ¥ ypes, c.m
Atom bond connectivity mdex[2g] diu+dir)—2
ABC(G) = EULJEE'[GJ diuidie)
Inverse sum indeg index[21] diuldiv

ISIG) = Ei.!L'EEI G) diul+dim)

The Boiling point (BP) properties of these potential drugs against to COVID-19 are taken from Chem-
Spider [26]. The values of Boiling point properties of these structures are given in the table below.

Table 2: The Boiling point properties of potential drugs to be used in the treatment of COVID-19 disease

PubChem ID | CID71742833 | CID10009410 | CID44271205 CiD3010243 | CID44271958 | CIDB9B69520

BP 0242 0258 0242 018,28 2116 383

In this study, the following equations are tested;

Y=a+bX;n R F
Y =a+bX+0X%n R,F

where Y is the response or dependent variable, a is the regression model constant,b;(i = 1,2) are the
coefficients for the individual descriptor, X, X are independent variables. n is the number of samples used
for building the regression equation, R? is the square of the correlation coefficient, R is the correlation
coeflicient.

When the experimental and theoretical results are close to each other, the correlation coefficient is close
to 1. Moreover, the observed values and model predictions must be compared to measure the predictive
quality of the model (see detail [27],[28]). Therefore, we consider the RMSE (Root Mean Square Error)
metric for the predictive power of the model. It is clear that the best predictive model is the minimum
error, i.e. the minimum RMSE is defined as

n

RMSE = | (Y _(yi — z:)%)/n

i=1
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where y; is the observed value of the independent variable in the test set, z; is the predicted value of
the independent variables in the test set, n is the number of samples in the test [28]. R?, R, F, and RMSE
is considered for the goodness of fit of the model i.e. maxz([R]?), maz(R), max(F), and min(RMSE).
The curvilinear regression analyses are obtained by using the SPSS statistical software. The independent
variables in the curvilinear regression models are the values of the topological indices, which are described
above, of various drugs used in the treatment of COVID-19.

3 Main results

Let E;j; = {i=dy,j = d, ||uv € E(G)|}. Topological indices of chemical structures using edge partition
technique are computed.
The molecular graph of CID71749833 has 54 vertices and 57 edges. Its edges can be partitions as

The molecular graph of CID10009410 has 47 vertices and 50 edges. Its edges can be partitions as
|Ev3| =9, |E22| =12, |Ea3| =22, |Es3| = 7.

The molecular graph of CID44271905 has 46 vertices and 49 edges. Its edges can be partitions as
|Ev 3| =8, |E2a| =12, |Ea3| =24, |Es 3| = 5.

The molecular graph of CID3010243 has 45 vertices and 48 edges. Its edges can be partitions as
|E1 3| =8, |E22| = 13,|E23| = 20, |E3 3] = 7.

The molecular graph of CID44271958 has 44 vertices and 47 edges. Its edges can be partitions as
|Ev3| = 6, |Eaz| = 16, |[Ey | = 20, [Es 3] = 5.

The molecular graph of CID89869520 has 12 vertices and 12 edges. Its edges can be partitions as
|Evs| =5, |Eas| = 4, |Es3| = 3.

The topological index values of these structures are given in Table 3.

Table 3: The topological index values of potential drugs to be used in the treatment of COVID-19 disease
PubChem ID M, M, HM Mgz, Mgy, irr a ISpD ABC Isr

T1749833 282 328 1432 14,646 46,150 &0 120 24206 24016 63,72
10009410 236 270 1138 61,332 42159 40 58 22353 36056 3363

44271905 230 261 1100 60,230 41214 40 36 21976 35321 343

3010243 226 239 1088 38,331 40,943 36 52 15,130 343533 35873
44271958 218 247 1032 353,887 40,794 32 44 19050 33,633 52
BOB69520 58 66 288 16,359 9152 14 M 4 346 8,010 13,05

The linear and quadratic models are obtained by using the data in Table 2 and Table 3 with the SPSS
program.
linear regression models for Boiling point of potential drugs against COVID-19 disease are
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Bp = 255.570 + 10.556[Mm] e, R = 0.991, R? = 0.898, F = 35.263, SE = 78.390, RM SE = 64.004

Bp = 261.143 4 2.737M;, R = 0.960, R? = 0.921, F = 46.551, SE = 69.085, RMSE = 56.407

Bp = 272.235 4 2.344M>, R = 0.951, R? = 0.905, F = 38.260, SE = 75.559, RMSE = 61.693

Bp = 287.675 4 0.537THM, R = 0.934, R* = 0.872, F = 27.177, SE = 87.970, RMSE = 71.827

Bp = 246.190 + 15.926mM,qe, R = 0.991, R? = 0.981, F = 208.384, SE = 33.705, RMSE = 27.519

Bp = 410.877 4 11.362irr, R = 0.768, R* = 0.590, F = 5.747, SE = 157.328, RM SE = 128.457

Bp = 615.040 + 3.6650, R = 0.540, R = 0.291, F = 1.643, SE = 206.775, RM SE = 168.830

Bp = 335.519 4 27.6361SDD, R = 0.901, R? = 0.813, F = 17.344, SE = 106.319, RM SE = 86.809

Bp = 279.379 4+ 19.094ABC, R = 0.922R* = 0.850, F = 22.680, SE = 95.094, RM SE = 77.644

Bp = 251.168 4 11.7001SI, R = 0.977R? = 0.955, F = 85.549, SE = 51.906, RM SE = 42.381

The mMj,q4, index is the best estimator index for boiling point in linear regression models from max(R).

Quadratic regression models for Boiling point of potential drugs against COVID-19 disease are

Bp = 15.889 + 7.134M; — 0.014[M;]*, R* = 1, F = 102634.62, SE = 1.084, RM SE = 0.766

Bp = 20.363 + 6.186 My — 0.010[M>]?, R* = 1, F = 24671.497, SE = 2.211, RMSE = 1.563

Bp = 7.5724 1.471HM — 0.001[HM]? R?> = 1, F = 9296.834, SE = 3.602, RMSE = 2.546

Bp = 70.494 + 38.008mM,q, — 0.422[mM,q4.]?, R* = 1, F = 4650.447, SE = 5.092, RMSE = 3.600
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Bp = —37.869 + 29.001[Mm) g — 0.216[[Mm]sq.)?, R> = 1, F = 16334.478, SE = 2.717, RMSE = 1.921

Bp = 32.875 + 30.152IST — 0.254[ISI)>, R = 1, R*> = 1, F = 3986.803, SE = 5.500, RM SE = 3.888

Bp = —194.912 + 49.225irr — 0.512[irr]?, R? = 0.979, R = 0.989F = 69.437, SE = 41.238, RMSE = 29.159

Bp = —230.178 + 31.4180 — 0.18202%, R? = 0.926, R = 0.962F = 18.656, SE = 77.364, RMSE = 54.704

Bp = —24.250+96.6701SDD—2.410[ISDD]?, R? = 0.989, R = 0.994F = 132.257, SE = 30.031, RM SE = 21.235

Bp = —188.070475.358 ABC'—1.247[ABC)?, R? = 0.996, R = 0.998F = 334.961, SE = 18.935, RMSE = 13.389

From the above equations, M is the best predictor index for the boiling point in quadratic regression
models from min(RMSE).

Figure 6 shows the plots of the linear regression equation of the Boiling point (Bp) with the Min-max
Rodeg index (mMsq4.), and the quadratic regression equations of the Boiling point (Bp) with the first Zagreb
index (M), respectively.

BOILING PHNT BOILING POINT
[ O el A
183 By — Linex 202 0| — Tusdrah
o
w0 60 ya o]
800 00 0, 0]
Tiip 3L
00 b a0 -
30 007 530,00
#3000 420 ]
i T T T T L —— p—— g £ —— e ————
v Er ¥ B¢ A Er 100 130 5 (L] 00,5 50 00 L]
Min-max Rodeg Index First Zagreb Index

Figure 6: The plots of the linear regression model of the Boiling point (Bp) with the Min-max Rodeg index
and the quadratic regression model of the Boiling point with the first Zagreb index

Models were studied with 6 descriptors and 10 topological indices. QSPR modeling shows that the best
predictive topological index is the min-max rodeg index, the first Zagreb index for boiling point in linear
regression, quadratic regression models, respectively.
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