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Abstract: The use of topological descriptors is the key method, regardless of great advances taking
place in the field of drug design. Descriptors portray the chemical characteristic of a molecule in
numerical form, that is used for QSAR/QSPR models. The numerical values related with chemical
constitutions that correlate the chemical structure with the physical properties refer to topological
indices. The study of chemical structure with chemical reactivity or biological activity is termed
quantitative structure activity relationship, in which topological index plays a significant role.
Chemical graph theory is one such significant branch of science which plays a key role in
QSAR/QSPR/QSTR studies. This work is focused on computing various degree-based topological
indices and regression model of nine anti-malaria drugs. Regression models are fitted for computed
indices values with 6 physicochemical properties of the anti-malaria drugs are studied. Based on
the results obtained, an analysis is carried out for various statistical parameters for which
conclusions are drawn.
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1. Introduction

One of the life-threatening diseases world-wide is Malaria caused by the bite of female
anopheles’ mosquitoes. There are 5 such parasite species that affect humans of which 2 of these viz.,
P. falciparum and P. vivax are the greatest threats. These two deadliest parasites are prevalent in
African continent and Saharan Africa. It is an acute febrile illness which causes rapid onset of fever
with headache and chills only after 10 to 15 days after the mosquito bite. If the symptoms are not
treated immediately, it will lead to fatal in just one day [1].

In the year 2020, there was a high risk for nearly half the world population of contracting
malaria. Some population groups with high risk include infants, and young children, pregnant
women, and people with low immunity.

A considerable number of mortality and complications of morbidity is caused by malaria that
has become a major health problem globally. As the resistant parasite strains emerge, the therapeutic
options are limited which has led to the large spread of malaria. This can be prevented by potential
public health emergency in designing new drugs, providing single dose cures and by introducing
some novel mechanism of action. New excipients may be included in the medicine that could be
effective in fighting the new variants of the strain. Using the available genomic techniques,
advancement of the study of biology of the parasites can be developed for the new therapy.

In recent years, various advanced drug interventions have been revealed. This focusses on the
discovery of antimalarial agents using the latest scientific and technological advances. There are
many antimalarial targets that include proteins such as proteases, plasmodium sugar,
farnesyltransferase inhibitor and DNA replication. World malaria report shows an increase of cases
from 2019 to 2020 and an increase of almost 69,000 deaths in 2020 compared to 2019 [2].

To test the molecular properties in a laboratory consumes more time and money. This
inconvenience can be avoided using quantitative structure activity relationship models to forecast
different properties of various chemical compounds using topological descriptors. Topological
indices find significant applications in various areas of mathematical chemistry [3,4] such as isomer
discrimination, chirality, molecular complexity, drug design, selection of database,
QSAR/QSPR/QSTR studies in the recent years [5].

The main objectives of this study are:

e QSPR analysis of the properties of the topological indices using regression models for the
nine anti-malaria drugs

e Computation of topological indices for the considered drugs

e Comparison of topological indices with correlation coefficients of few physical properties
and statistical parameters

Identifying drug-like from non-drug-like molecules is very much necessary to reduce the cost
and time with failed drug development. There are various approaches that screen chemical databases
against biological targets in the progress of new potential leads. QSAR modelling is a significant
approach in the discovery of drug that correlates the structure of the molecule with biological
activities. There are different methods like 2D (topological indices) and 3D (structure-based) of
which 2D requires less calculation time and hence used for the preliminary screening of the drug
development. Academia, industry, and research institutions across the globe, widely use 2D approach.

The principal step involves the selection of the right descriptor for various reasons. Only a few
descriptors give a better understanding of the results and their interpretability, can reduce the risk of
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overfitting from redundant descriptors, and provides speedy and cost-effective models.

Topological index represents translations of molecular structures into structural descriptors that
are expressed as numerical indices. These topological indices find their applications in drug design
where the QSAR/QSPR/QSTR studies are involved. The QSAR/QSPR methods are based on the
assumption that the activity or the property, such as a drug binding to DNA or toxic effect, of a
certain chemical compound related to its structure through a certain mathematical algorithm.

For the chemical compound under the study, a series of parameters, called chemical descriptors
are computed. Then, an algorithm that provides a quite accurate value, similar to theoretical
experimental value is found. The final step is to check if the obtained algorithm is capable of
predicting the activity/property values.

QSAR/QSPR/QSTR models are used to predict the association between the molecular structure
and its activity/property/toxicity. Over the years many algorithms have been proposed and applied in
QSAR/QSPR studies. The model framework includes molecular structure (graph) representation,
calculation of molecular descriptors (graph invariants) and multiple linear regression method. The
model will be validated through statistical parameters (r and r?). The same approach is employed in
this work and the statistical parameters have shown significant results.

Recently, Adnan et. al. made a study on the QSPR analysis of anti tuberculosis drugs in which 15
drugs were considered for the regression analysis of 6 physico chemical properties. Eleven topological
indices were computed for which the correlation analysis showed a high positive good correlation
with all the 6 physico chemical properties. Shanmukha et.al. studied 21 breast cancer drugs for which
QSPR analysis were carried out. Eleven topological indices were studied in the study and linear
models for each index were carried out. In 2020, Sigarreta [6,7] provided new tools that obtained a
unified way inequalities involving many different topological indices. Joseobtained new optimal
bounds on the variable Zagreb indices, the variable sum-connectivity index, the variable geometric-
arithmetic index and the variable inverse sum indeg index. Recently, Jose computed new lower and
upper optimal bounds for general (exponential) indices of a graph. In the same direction, new
inequalities involving some well-known topological indices like the generalized atom-bound
connectivity index and the generalized second Zagreb index were shown. Some extremal problems
for their corresponding exponential indices were computed.

The numerical representation of the arrangement of a molecule of a compound refers to
topological index. Wiener index was one of the first topological indices proposed by Harold Wiener
in 1947 which proved that his index correlated well with the boiling points of alkanes. At present,
there are various indices introduced by various researchers which are divided into three categories,
namely, degree-based, neighborhood degree-based and distance based topological indices [8—10].
Sixty years ago, QSAR was introduced that included modelling of biological activities of molecules
which was extended to modelling of few physicochemical properties of molecules leading to QSPR
studies. Initially, it was chemical interpretation of topological indices [11,12] which has now
extended to modelling of structural characteristics of molecules with their biological activity leading
to complex modelling of compounds in QSAR/QSPR/QSTR studies [13-25].

This model does not require any lab equipment to perform the analysis. It saves a lot of time and
money and the results obtained using the QSPR model are compared with the actual values for
further analysis.

A graph G(V, E) with vertex set V(G) and edge set E(G) is connected if there exists an edge
between every pair of vertices in G.
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The graphs used in this work are simple graphs and have no loops and multiple edges. The
number of edges incident to vertex v is the degree of the vertex v, denoted by d,,. For graph
terminologies and notations refer [26,27].

Some of the topological descriptors which are used in this work are given below.

The earliest set of topological indices are the first and the second version of Zagreb indices.
They have been found impressive in finding the total m-electron energy of molecules. Gutman and
Polansky [28] introduced these indices in the year 1986 and are defined as follows

Ml(G) = ZUWEE(G)(dU +d,) (1)
M,(G) = vaeE(G)(dv X dy) (2)

Harmonic index is proposed and defined by Fatjlowicz [29] as
2
H(G) = vaeg(a)m 3)

Forgotten index was first defined by Furtula and Gutman [30] in 2015. It became popular as its
performance in prediction of the index analogues to that of the original Zagreb index and is defined as

F(G) = vaEE(G)(dv)z + (dw)z 4)

A novel graph invariant called the SS index of a graph is proposed by Zhao et al. [31] and is
stated as

dyXdy,

SS(G) = Z‘UWEE(G) . (5)

dytdy

Ranjini et al. [32] introduced redefined version of the second and third Zagreb indices and are
defined as

dyXdy
ReZG3(6) = ower(e) 3o (6)
ReZG3 (G) = vaeE(G)(dv X dw)(dv + dw) (7)

2. Materials and methods

In this study, anti-malaria drugs are modelled by simple graphs. To compute the topological
indices of the considered drug’s structure, the employed methods are vertex partitioning, edge
partitioning and computational techniques.

3. Results and discussion

In this work, degree-based topological indices are computed for the drugs used in the treatment
of malaria. The QSPR analysis of the computed indices are discussed, and it is observed that these
indices are highly correlated with the physico chemical properties of the drugs that are used in the

treatment of malaria.
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Figure 1. Molecular structures of drugs.
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Figure 2. Molecular graphs.
The nine drugs viz., Chloroquine, Amodiaquine, Mefloquine, Piperaquine, Primaquine,

Lumefrantrine, Atovaquone, Pyrimethamine and Doxycycline used in the malaria treatment are
considered for the analysis. The molecular structures of these drugs are shown in Figure 1. It is
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modelled as a graph where the atoms are referred to as vertices while the bonds by its edges which is
represented in Figure 2.

3.1. Regression models

The six physical properties of the drugs viz., boiling point, enthalpy, flash point, molar
refraction, molar volume and polarizability for the 9 drugs are studied. A linear regression model
used in this work is given below.

P = A+ B[TI] (8)

where P — Physical property of the drug, 4, B — constants, TI — topological descriptor.

Using the linear regression equation discussed, the regression model for the above considered
topological indices are defined.

The physical properties of anti-malaria drugs are considered as dependent variables and the
topological indices for molecular graphs of 9 drugs are considered as independent variables. A linear
regression model is fitted using SPSS software where the constants A and B in the regression
equation (8) are calculated by using the training set in Tables 1 and 2.

Using the linear regression equation discussed, the regression model for the above considered
topological indices are defined.

3.1.1 Regression models for first Zagreb index M; (G)

Boiling point = 124.096 + 2.932 [M;(G)]
Enthalpy = 49.292 + 0.228 [M,(G)]
Flash point = 28.813 + 1.773 [M;(G)]
Molar Refraction = 28.194 + 0.546 [M,(G)]
Molar Volume = 114.389 + 1.265 [M,(G)]
Polarizability = 11.164 + 0.217 [M,(G)]

3.1.2.  Regression models for second Zagreb index M, (G)

Boiling point = 161.996 + 2.219 [M,(G)]
Enthalpy = 33.198 + 0.302 [M,(G)]
Flash point = 51.729 + 1.342 [M,(G)]
Molar Refraction = 41.872 4+ 0.374 [M,(G)]
Molar Volume = 150.949 + 0.838 [M,(G)]
Polarizability = 16.589 + 0.148 [M,(G)]
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3.1.3.  Regression models for first Harmonic index H(G)

Boiling point = 87.905 + 36.905 [H(G)]
Enthalpy = 25.031 + 4.870 [H(G)]
Flash point = 6.939 + 22.319 [H(G)]
Molar Refraction = 3.348 + 8.365 [H(G)]
Molar Volume = 44.044 + 20.421 [H(G)]
Polarizability = 1.318 + 3.317 [H(G)]

3.1.4.  Regression models for first Forgotton index F(G)

Boiling point = 177.821 + 0.960 [F(G)]
Enthalpy = 34961 + 0.132 [F(G)]
Flash point = 61.301 + 0.581 [F(G)]
Molar Refraction = 48.115 + 0.152 [F(G)]
Molar Volume = 167.744 + 0.334 [F(G)]
Polarizability = 19.061 + 0.060 [F(G)]

3.1.5.  Regression models for first Sum connectivity index SS(G)

Boiling point = 111.354 + 13.867 [SS(G)]
Enthalpy = 27.343 + 1.855 [SS(G)]
Flash point = 21.110 + 8.387 [SS(G)]
Molar Refraction = 18.858 + 2.811 [SS(G)]
Molar Volume = 87.819 + 6.670 [SS(G)]
Polarizability = 7.465 + 1.115 [SS(G)]

3.1.6.  Regression models for redefined second Zagreb index ReZ G, (G)

Boiling point = 123.738 + 12.440 [RezG,(G)]
Enthalpy = 28.782 + 1.671 [RezG,(G)]
Flash point = 28.597 + 7.524 [RezG,(G)]
Molar Refraction = 24.545 + 2.426 [RezG,(G)]
Molar Volume = 103.449 + 5.693 [RezG,(G)]
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Polarizability = 9.720 + 0.962 [RezG,(G)]
3.1.7.  Regression models for redefined third Zagreb index ReZ G3(G)

Boiling point = 223.151 + 0.352 [RezG;(G)]
Enthalpy = 40.942 + 0.049 [RezG3(G)]
Flash point = 88.713 + 0.213 [RezG3(G)]
Molar Refraction = 59.754 + 0.051 [RezG;(G)]
Molar Volume = 196.894 + 0.107 [RezG3(G)]
Polarizability = 23.678 + 0.020 [RezG3(G)]

3.2. Comparison of topological indices with correlation coefficients of few physical properties and
statistical parameters

In Table 1, six physical properties of the anti-malaria drugs considered in the study are
presented. Various degree-based topological indices mentioned above are computed and tabulated in
Table 2. The correlation of the indices in this study against all the six physical properties are
tabulated in Table 3. It is observed that the indices and their corresponding physical properties are
highly correlated for most of the properties and the correlation coefficient of second Zagreb index
with enthalpy being the highest value of correlation (0.978). The correlation coefficients of the
discussed topological indices with physical properties and graphically presented in Figure 3. The
statistical parameters viz., the sample size (N),constant (A), slope (b), correlation coefficient (r), the
percentage of the dependent variable r2, and p-value for the QSPR study for all the above seven
topological indices are studied. The null hypothesis is tested for p-value of each term is where the
coefficient equals zero while the higher the p-value infers those changes in predictor are not related
to changes in response. In this case, all the regression coefficients of a null hypothesis are zero while
testing gives rise to F value. In such a case, the model does not have predictive capability. Using this
test, one can compare their model with zero predictor variables to decide their coefficients improve
the model.

Tables 4-10 represent the statistical parameters such as number of drugs considered, constant,
regression coefficient, correlation coefficient, Fisher’s statistic, significant value, and standard
error denoted by N, A, b, r, r?, F and p respectively, for all the considered topological indices and
physical properties. Table 11 denotes the standard error of estimate for physical properties of drugs.
Tables 12—17 denote the comparison of actual and computed values of all physical properties of
anti-malaria drugs. Figure 3 depicts the graphical representation of physical properties and the
topological indices.

Mathematical Biosciences and Engineering Volume 20, Issue 2, 3594-3609.
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Table 1. Physical properties of drugs used for the tratment of Malaria.

Drugs BP (°C at Enthalpy Flash point Molar Molar volume  Polarizability
760 mmHg)  (kj/mol) (°C) refraction (cm®)
Chloroquine 460.6 72.1 232.23 97.4 287.9 38.6
Amodiaquine 478 77 242.9 105.5 282.8 41.8
Mefloquine 415.7 70.5 205.2 83 273.4 32.9
Piperoquine 721.1 105.3 389.9 153.7 414.2 60.9
Primaquine 451.1 71 226.6 80.5 230.3 31.9
Lumefrantrine 642.5 99.6 342.3 151 4223 59.9
Atovaquine 535 85.4 277.3 99.5 271.8 39.5
Pyrimethamine ~ 368.4 61.5 176.6 67.1 180.2 26.6
Doxycycline 762.6 116.5 415 109 271.1 43.2
Table 2. The values of the topological indices of the drugs.
Drugs Mi(G) Mz(G) H(G) F(G) SS(G) ReZG2(G) ReZG3(G)
Chloroquine 106 120 10.3 262 23.9599 25.2333 584
Amodiaquine 128 149 11.7333 324 28.5664 30.5333 742
Mefloquine 114 137 9.5857 306 24.5829 26.631 728
Piperoquine 202 240 17.8 510 45.1804 48.9 1200
Primaquine 92 105 9 226 20.903 22.0833 512
Lumefrantrine 182 213 16.3666 466 40.3883 43.4333 1090
Atovaquine 158 194 12.6047 446 334116 36.5619 1064
Pyrimethamine 86 100 7.7667 222 18.9478 20.2167 506
Doxycycline 200 264 14.4164 608 40.4521 45.55 1594
Table 3. Correlation coefficients of physical properties of drugs.
Drugs BP Enthalpy Flash point  Molar refraction Molar volume Polarizability
Mi(G) 0.961 0.968 0.961 0.838 0.735 0.838
Mz(G) 0.962 0.978 0.963 0.76 0.645 0.76
H(G) 0.908 0.894 0.908 0.963 0.891 0.964
F(G) 0.947 0.969 0.947 0.704 0.584 0.704
SS(G) 0.948 0.945 0.948 0.899 0.809 0.899
ReZG2(G) 0.957 0.958 0.957 0.873 0.776 0.873
ReZG3(G) 0.934 0.962 0.934 0.632 0.505 0.633
Table 4. Statistical parameters for the linear QSPR model for M(G).
Phy. Pro, N A b r 12 F p Indicator
BP 9 124.096  2.932 0.961 0.923 83.956 0 Significant
EN 9 28.483 0.396 0.968 0.937 104.502 0 Significant
FP 9 29.813 1.773 0.961 0.923 83.973 0 Significant
MR 9 28.194 0.546 0.838 0.702 16.501 0.05 Significant
MV 9 114.389  1.265 0.735 0.541 8.244 0.02 Significant
PO 9 11.164 0.217 0.838 0.702 16.529 0 Significant
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Table 5. Statistical parameters for the linear QSPR model for M>(G).

Phy. Pro, N A b r r? F p Indicator
BP 9 161.996 2.219 0.962 0.926 88.088 0 Significant
EN 9 33.198 0.302 0.978 0.956 151.468 0 Significant
FP 9 51.729 1.342 0.963 0.926 88.162 0 Significant
MR 9 41.872 0.374 0.76 0.578 9.575 0.01 Significant
MV 9 150.949 0.838 0.645 0.416 4.982 0.06 Significant
PO 9 16.589 0.148 0.76 0.578 9.588 0.01 Significant
Table 6. Statistical parameters for the linear QSPR model for H(G).
Phy. Pro, N A b r r? F p Indicator
BP 9 87.905 36.905 0.908 0.825 33.003 0.01 Significant
EN 9 25.031 4.87 0.894 0.798 27.731 0 Significant
FP 9 60939 22.319 0.908 0.825 32.986 0 Significant
MR 9 3.348 8.365 0.963 0.928 90.501 0 Significant
MV 9 44.044 20.421 0.891 0.795 27.106 0 Significant
PO 9 1.318 3.317 0.964 0.928 90.704 0 Significant
Table 7. Statistical parameters for the linear QSPR model for F(G).
Phy. Pro, N A b r 12 F p Indicator
BP 9 177.821 0.96 0.947 0.897 60.643 0 Significant
EN 9 34961 0.132 0.969 0.94 109.495 0 Significant
FP 9 61.301 0.581 0.947 0.897 60.678 0 Significant
MR 9 48.115 0.152 0.704 0.495 6.865 0.03 Significant
MV 9 167.744 0.334 0.584 0.341 3.619 0.09 Significant
PO 9 19.061 0.06 0.704 0.496 6.877 0.03 Significant
Table 8. Statistical parameters for the linear QSPR model for SS(G).
Phy. Pro, N A b r 12 F p Indicator
BP 9 111.354 13.867 0.948 0.898 61.748 0 Significant
EN 9 27.343 1.855 0.945 0.894 58.818 0 Significant
FP 9 21.11 8.387 0.948 0.898 61.739 0 Significant
MR 9 18.858 2.811 0.899 0.808 29.522 0 Significant
MV 9 87.819 6.67 0.809 0.654 13.222 0 Significant
PO 9 7.465 1.115 0.899 0.809 29.572 0 Significant
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Table 9. Statistical parameters for the linear QSPR model for ReZG2(G).

Phy. Pro, N A b r r? F p Indicator
BP 9 123.738 12.44 0.957 0.915 75.323 0 Significant
EN 9 28.782 1.671 0.958 0.918 77.887 0 Significant
FP 9 28.597 7.524 0.957 0.915 75.331 0 Significant
MR 9 24.545 2.426 0.873 0.762 22.437 0 Significant
MV 9 103.449 5.693 0.776 0.603 10.626 0.01 Significant
PO 9 9.72 0.962 0.873 0.762 22.47 0 Significant
Table 10. Statistical parameters for the linear QSPR model for ReZG3(G).
Phy. Pro, N A b r r? F p Indicator
BP 9 223.151 0.352 0.934 0.873 47.933 0 Significant
EN 9 40.942 0.049 0.962 0.925 86.586 0 Significant
FP 9 88.713 0.213 0.934 0.873 47.97 0 Significant
MR 9 59.754 0.051 0.632 0.4 4.665 0.05 Significant
MV 9 196.894 0.107 0.505 0.255 2.4 0.05 Significant
PO 9 23.678 0.02 0.633 0.4 4.671 0.05 Significant
Table 11. Standard error of estimate for physical properties of drugs.
Drugs BP Enthalpy Flash point  Molar refraction Molar volume Polarizability
Mi(G) 41.3818 5.0133 25.0251 17.3965 56.9863 6.8934
M2(G) 40.4727 402053 24.4681 20.7148 64.279 8.21
H(G) 62.3993 8.9827 32.985 8.5408 38.0989 3.3828
F(G) 47.9859 4.9047 29.014 22.6488 68.2796 8.9761
SS(G) 47.5989 6.6252 28.7891 13.955 49.478 5.5292
ReZG2(G) 43.4975 5.7457 26.3056 15.5439 52.9971 6.1595
ReZGs3(G) 53.2487 5.4722 32.1935 24.6926 72.5723 9.7875

Table 12. Comparision of actual and computed values for boiling point from regression

models of TL.
Boiling point °C
Drug M1(G) M2(G) H(G) F(G)) SS(G) ReZG2x(G) ReZGs(G)
(at 760 mmHg)
Chloroquine 460.6 £40.0 434.88 42827 468.02 429.341 443.60 437.64 428.71
Amodiaquine  478.0 £45.0 499.39 492.62 520.92 488.861 507.48 503.57 484.33
Mefloquine 415.7 £40.0 458.34 46599 441.66 471.581 45224 455.02 479.40
Piperoquine 721.1 £60.0 716.36  694.55 74481 667421 737.87 732.05 645.55
Primaquine 451.1+45.0 393.84 39499 420.05 394.781 401.21 398.45 403.37
Lumefrantrine  642.5 +55.0 657.72 634.64 69191 625.181 671.41 664.04 606.83
Atovaquine 535.0+50.0 587.35 59248 553.08 605981 574.67 578.56 597.67
Pyrimethamine  368.4 + 52.0 376.24 383.89 374.53 390.941 374.10 375.23 401.26
Doxycycline 762.6 £ 60.0 71049 747.81 61994 761.501 67230 690.38 784.23
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Table 13. Comparison of actual and computed values for enthalpy from regression

models of TL.
Drug Flash point (°C) MI1(G) M2(G) H(G) F(Q)) SS(G)  ReZGx(G) ReZGs3(G)
Chloroquine 232.23+£27.3 216.75 21276 236.82 213.52 222.06 218.45 213.10
Amodiaquine = 242.9 +£28.7 255.75  251.68 268.81 249.54 260.69 258.32 246.75
Mefloquine 205.2+£27.3 23093  235.58 220.88 239.08 227.28 228.96 243.77
Piperoquine 389.9+329 386.95 373.80 404.21 357.61 400.03 396.52 344.31
Primaquine 226.6 £28.7 19192  192.63 207.81 192.60 19642 194.75 197.76
Lumefrantrine  342.3 +31.5 35149  337.57 37222 332.04 359.84 355.38 320.88
Atovaquine 277.3 £30.1 308.94  312.07 288.26 32042 30133 303.68 315.34
Pyrimethamine  176.6 + 30.7 181.29 185.92 180.28 190.28 180.02 180.70 196.49
Doxycycline 415.0+32.9 383.41 406.01 328.69 414.54 360.38 371.31 428.23

Table 14. Comparison of actual and computed values for flash point from regression

models of TI
Drug Enthalpy (ki/mol) MI(G) M2(G) H(G) F(G)) SS(G) ReZG:G) ReZGs(G)
Chloroquine 72.1£3.0 73.46 69.438 75.19 69.545 71.78 70.94 69.55
Amodiaquine 77.0+3.0 78.476  78.19 82.17 77.72 80.33 79.80 77.3
Mefloquine 70.5+3.0 75.28 74.57 71.71 75.35 72.94 73.28 76.61
Piperoquine 105.3+3.0 95.34 105.67 111.71 102.28 111.15 11049 99.74
Primaquine 71.0£3.0 70.268  64.90 68.86 64.79 66.11 65.68 66.03
Lumefrantrine  99.6 £ 3.0 90.788  97.52 104.73  96.47 102.26  101.35 94.35
Atovaquine 85.4+3.0 85.316 91.78 86.41 93.83 89.31 89.87 93.07
Pyrimethamine 61.5 +3.0 68.9 63.39 62.85 64.26 62.48 62.56 65.73
Doxycycline 116.5+3.0 94892 11292 95.23 11521 10237 104.89 119.04

Table 15. Comparison of actual and computed values for

regression models of T1.

molar refraction from

Molar refraction

Drug () MI(G) M2(G) H(G) F(@G) SS(G) ReZGxG) ReZG3(G)
Chloroquine ~ 97.4+0.3 86.07 8675  89.50 8793 8620  85.76 89.53
Amodiaquine  105.5 0.3 98.08 9759 10149 9736  99.15  98.61 97.59
Mefloquine 83.0+ 0.3 9043  93.11 8353 9462  87.96  89.15 96.88
Piperoquine  153.7+0.3 13848  131.63 15224 12563 14586  143.17 120.95
Primaquine 80.5+0.3 7842 8114  78.63 8246  77.61  78.11 85.86
Lumefrantrine  151.0 0.3 127.56  121.53 14025 118.94 13238 12991 115.34
Atovaquine 99.5+0.3 11446 11442 10878 11590 11277 113.24 114.01
Pyrimethamine  67.1 +0.5 7515 7927 6831 8185 7212 73.59 85.56
Doxycycline 109 +0.4 13739 140.60  123.94 140.53  132.56  135.04 141.04
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Table 16. Comparison of actual and computed values for molar volume from regression

models of TI
Molar
Drug MI(G) M2(G) H(G)  FG)  SS(G)  ReZGxG) ReZzGs(G)
volume (cm?)
Chloroquine 287.9+3.0 24847 251509 25438 25525 247.63  247.10 259.38
Amodiaquine 282.8+3.0 276.30 275.811 283.64 275.96 278.35 277.27 276.28
Mefloquine 273.4+3.0 258.59  265.755 239.79 26994  251.78  255.05 274.79
Piperoquine 4142 +£3.0 369.91 352.069 407.53 338.08 389.17 381.83 325.29
Primaquine 230.3+3.0 230.76 238939 227.83 24322 22724  229.16 251.67
Lumefrantrine  422.3 +£3.0 344.61 329.443 378.26 323.38 357.20 350.71 313.52
Atovaquine 271.8+3.0 31425  313.521 301.44 31670 310.67 311.59 310.74
Pyrimethamine 180.2+7.0 223.17 234749  202.64 241.89 214.20 218.54 251.03
Doxycycline 271.1+5.0 367.38 372,181 33844 37081 357.63 362.76 367.45

Table 17. Comparison of actual and computed values for polarizability from regression

models of TI
Polarizability
Drug MI(G) M2(G) H(G) F(G)) SS(G)  ReZG2(G) ReZGs3(G)
(102* cm?)
Chloroquine 38.6+0.5 34.16 34.34 35.48 34.78 34.18 33.99 35.35
Amodiaquine 41.8+0.5 38.94 38.64 40.23 38.50 39.31 39.09 38.51
Mefloquine 329+0.5 35.90 36.86 33.11 37.42 34.87 35.33 38.23
Piperoquine 60.9+0.5 54.99 52.10 60.36 49.66 57.84 56.76 47.67
Primaquine 31.9+0.5 31.12 32.12 31.17 32.62 30.77 30.96 33.91
Lumefrantrine 59.9+0.5 50.65 48.11 55.60 47.02 52.49 51.50 45.47
Atovaquine 39.5+£0.5 45.45 45.30 43.12 45.82 4471 44.89 44.95
Pyrimethamine 26.6+0.5 29.82 31.38 27.08 32.38 28.59 29.16 33.79
Doxycycline 432+0.5 54.56 55.66 49.13 55.54 52.56 53.53 55.55

4. Conclusions

In this study, seven degree-based topological indices are computed for nine anti-malaria drugs
which is presented in Table 2. The coefficient of correlation for the said indices against six physical
properties are computed and tabulated in Table 3. It is observed from Table 3 that every topological
index shows good correlation with its corresponding physical properties in which, considering
second Zagreb index row wise, the correlation coefficient is high with that of enthalpy for Mx(G).
The first Zagreb index has a high correlation with enthalpy of 0.963. The Harmonic index shows
good correlation with polarizability, Forgotten index with enthalpy having r = 0.969, SS index has
highest correlation with boiling point and flash point, both being 0.948, while the redefined Zagreb
indices with enthalpy having 0.947, 0.958 and 0.962 respectively for the three indices.
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Figure 3. Correlation between physical properties of drugs and Topological indices.

This work focusses on the drugs used for the treatment of malaria which is caused by
mosquitoes. The analysis done in this paper may help the chemists and pharmaceutical industry
researchers to design novel drugs using various excipients by the values of indices computed here.
They may constitute different drugs for various ailments based on the available topological indices in
the article. The correlation coefficients of various drugs help the chemists to choose the right
composition based on the high correlation value to form a new drug for novel ailments. New tools to
obtain a unified way of involving inequalities of various topological indices may be carried out. The
extremal values for the considered indices may be computed for exponential version of the indices.
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