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Abstract. In this article, we perform the QSPR analysis of two datasets of therapeutic compounds
using topological indices. The least explored category of indices is chosen for this study. They are
the leap indices, namely F-Sombor, modified F-Sombor, reduced Sombor, second F'-Sombor, Sombor,
modified Sombor, F', and F; leap indices. We have considered some thiosemicarbazone derivatives
that are tested for their antimalarial activity in one dataset and some randomly chosen drugs in
another dataset. We investigate the correlation between a few leap indices and some physicochemical
properties of these two datasets separately using machine learning techniques.
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1. Introduction

A topological index is a graph invariant decoded from a chemical graph, a simple graph G formed
by considering atoms of the molecules as nodes or vertices and bonds between them as edges.
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The connection-based or leap indices, a category of topological indices, are formulated using the
connection number. Most of the leap indices are formulated by replacing the vertex degree in
a degree-based T1 with a connection number ds. The connection number do(u) is the number
of vertices at a distance 2 from a vertex u in graph G. These leap indices were introduced
by Randic [9] by replacing the degree of the vertex in Zagreb indices with its corresponding
connection number as follows.
ZCi(G)= Y. daw)?
ueV(Q)
and
ZCy(@G)= ). dao(u)da().
uveE(G)
These Zagreb leap indices were restudied by Ali and Trinajstic¢ [1] to check their chemical
significance,
ZCi(@)= Z do(u) +da(v)
uveE(GQ)
and
ZCy @)= ) dewda(w)+dav)da).
uveE(GQ)

Numerous studies on leap indices have shown a promising correlation with various molecular
properties, such as entropy, standard enthalpy of vaporization, and boiling point, of chemical
compounds. It has been proven that ZC; correlates well with the entropy and acentric factor of
octane isomers compared to classical indices. In 2019, Maji and Ganesh [6] proved that the third
leap Zagreb index correlated well with the physicochemical properties of octane isomers. In 2023,
Ramane and Pise [8] showed that the boiling point of benzenoid hydrocarbons has a stronger
association with the third Zagreb leap index compared to the other Zagreb leap indices. Gutman
and Trinajsti¢ [2] proved that the modified first Zagreb leap index appears in an approximation
formula of total-¢ electron energy of alternant hydrocarbons.

It has also been proven that these leap indices can be generalized as the bond incident
connection-number (BIC) index:

BIC@G)= Y yap(@) *pap,
O<as<bs=n-2
where y, 5(G) represents the number of edges in G incident on the vertices with connection
numbers a and b, and ¢, ; represents a non-negative real-valued function that depends on a
and b.

Malaria is a long-standing, mosquito-borne disease caused by Plasmodium species. According
to the World Health Organization (WHO), in 2022, over 200 million cases and 608,000 deaths
were recorded globally due to malariaﬂ The African region shares the highest burden among
the 85 malaria-endemic countries. Malaria is primarily diagnosed in tropical and subtropical
countries such as India and those in Africa, among others, and predominantly, pregnant women
and children below 5 years are at greater risk. To control and eliminate malaria in these
countries, the WHO Global Malaria Programme (GMP) was initiated under the guidance of
the ‘Global Technical Strategy for Malaria 2016-2030’ in May 2015. Despite many antimalarial

World Health Organisation, World Malaria Report 2023, (2023), URL: https://www.who.int/publications/i/item/
9789240086173,
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drugs and vaccines, the mortality rate has not been adequately controlled, and it is a tough
challenge to eliminate it. Antimalarials include chloroquine phosphate, hydroxychloroquine,
atovaquone-proguanil, primaquine phosphate, quinine sulfate plus doxycycline, tetracycline,
and clindamycin, among others. An appropriate treatment course is determined by selecting the
antimalarials depending on the severity and drug susceptibility of the infecting Plasmodium
species. However, these antimalarials are known for adverse effects and contraindications
like blurred vision, insomnia, hypersensitivity towards the drug, and anorexia. In some cases,
these effects may persist even after discontinuation of the drug (Hill et al. [3]). Hence, there
is an urgent need for global efforts to develop novel antimalarial drugs to achieve malaria
elimination. To combat this, many novel compounds are being formulated and synthesized
to test their antimalarial activity. Thiosemicarbazone derivatives are among those that have
shown promising antimalarial activity.

In pharmaceutical sciences, especially in drug discovery and development, it is essential to
study the physicochemical properties of a molecule to arrive at a new therapeutic compound.
In general, it is time-consuming and expensive to study the physicochemical properties of
millions of molecules to test their potential in treating a disease. Therefore, topological
indices play a vital role in predicting the properties of millions of compounds computationally
through QSPR analysis. This helps in identifying the desired compound without performing
the experiments. Hence, we consider some leap indices to check their correlation with some
physicochemical properties of therapeutic compounds.

2. Methods and Methodology

For this study, we considered the following leap indices.
In 2022, Kulli et al. [5] introduced Sombor and modified Sombor leap indices, and calculated
these indices for several chemical drugs.

SL(G) = Z \/dg(u)2 +ds(v)? and (2.1)
uveE(GQ)
"SL(G)= ) ! (2.2)

wen(@ vV da@? +da)?
In 2018, Kulli [4] has also introduced F'-leap and Fi-leap indices as follows:

FL(G)= ) daw)?® and (2.3)
ueV(G)

FiLG)= Y. daw)’+da)*. (2.4)
uveE (@)

We formulated the F-Sombor leap index, the modified F'-Sombor leap index, and the reduced
Sombor leap index in [12] as:

FSOL@) = Y. Jdaw!+ds)t, 2.5)
uveE(G)
1
"FSOL(G) = and (2.6)
L uvé(G) \/dQ(U)4 + d2(U)4
“IS0LG) = Y 1/(da(w)— 12+ (da(w) - 1)2. @.7)
uveE(G)
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In the same paper, we also introduced a new leap index called the second F'-Sombor leap index:
2FSOL(G)= Y daw)*xda)". (2.8)
uveE(G)
Here, we have considered two datasets of therapeutic compounds: one consisting of sixteen
thiosemicarbazone derivatives with antimalarial activity, and another comprising a set of 30
randomly chosen drugs.

Thiosemicarbazones belong to the class of Schiff bases obtained through the condensation of
thiosemicarbazide with a suitable aldehyde or ketone. They have attracted researchers for their
broad spectrum of antimalarial, antiviral, antibacterial, and other pharmacological activities
(Shim et al. [11]], and Shakya and Yadav [10]). Numerous studies have been conducted to
investigate the biological activity of these derivatives against various diseases. Nevertheless,
very few compounds have been tested for antimalarial activity (Matsa et al. [7]). The properties
chosen for our study are Boiling Point (BP) and Molecular Weight (MW). The observed values
of these properties for the molecules from a) to p) in Table [2| are taken from PubChem and
ChemSpider.

We also consider a second dataset of 30 randomly selected therapeutic compounds used for
the treatment of various diseases. The properties considered for the study are Boiling Point (BP),
Molar Volume (MV), Molar Refractivity (MR), and Polarizability (Polar). Table |5|consists of the
compounds and their corresponding experimental values of the selected properties taken from
the database PubChem and ChemSpider. All the above-mentioned physicochemical parameters
are highly associated with the molecular behaviour in biological systems. Therefore, studying
these properties through Quantitative Structure-Property Relationship (QSPR) modeling helps
predict the reactivity and stability of molecules using topological indices.

3. Main Results

3.1 QSPR Analysis of Thiosemicarbazone Derivatives

In this section, we consider sixteen thiosemicarbazone derivatives that have been studied
for their antimalarial activity by Matsa et al. [7]. Using the SMILES strings of sixteen
thiosemicarbazone derivatives listed in Table |1} all the selected leap indices are calculated and
shown in Table [3l

Table 1. Chemical graphs of thiosemicarbazone derivatives with ChemSpider ID

b) 4976514
a) 4649245 ) c) 4698372
e) 5261105 f) 12624786
d) 7850585

Table 1 (continued)
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h) 12234626

1) 12232327

-
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. k) 7855120 1) 4576907
j) 4976515
m) 5278052 n) 4540772 0) 5258974
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p) 227217

Table 2. Experimental values of thiosemicarbazone derivatives
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Molecule BP MW

a) 315.79 | 179.25
b) 329.01 | 193.28
c) 325.49 | 193.28

d) 345.02 | 205.29

e) 341.79 | 209.27

f) 361.51 | 209.27

g 346.05 | 221.33

h) 376.72 | 225.27

i) 388.33 | 239.30
J) 365.54 | 239.30
k) 319.77 | 247.25
D 373.98 | 253.33
m) 389.13 | 229.31
n) 397.57 | 243.34
0) 89.19 | 269.33
p) 399.22 | 255.35
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Table 3. Calculated leap indices of thiosemicarbazone derivatives

Molecule SL mSL | FL | F1L FSOy, mFSO;, | 2FSOr, | ¢SO0y,
a) 40.4413 | 3.7342 | 184 | 142 | 106.1945 | 1.5908 | 25492 | 24.2579
b) 46.0982 | 3.8521 | 230 | 170 | 125.9934 | 1.5712 | 38358 | 28.5006
c) 47.5932 | 3.8221 | 248 | 186 | 138.6904 | 1.5742 | 79843 | 30.0101
d) 46.0982 | 4.4413 | 200 | 158 | 117.5082 | 1.9444 | 26004 | 27.0864
e) 50.3856 | 4.1398 | 250 | 190 | 140.0667 | 1.6926 | 49944 | 31.5071
f) 53.2500 | 3.9390 | 294 | 214 | 158.4893 | 1.5545 | 92709 | 34.2527
g) 56.1877 | 4.2745 | 302 | 222 | 165.1601 | 1.7145 | 81590 | 35.8160
h) 57.7866 | 4.2331 | 332 | 238 | 177.7179 | 1.6706 | 141365 | 37.6379
i) 60.6549 | 4.7856 | 352 | 250 | 185.9295 | 2.2395 | 158071 | 39.0812
j) 62.3035 | 4.5676 | 370 | 264 | 198.3840 | 1.8379 | 203156 | 40.9783
k) 63.9777 | 4.3368 | 446 | 276 | 211.6272 | 1.6286 | 263668 | 42.5101
D 69.3548 | 4.6670 | 434 | 308 | 229.5202 | 1.8350 | 288132 | 46.5904
m) 70.7333 | 4.5121 | 464 | 322 | 241.4157 | 1.7043 | 461714 | 47.7249
n) 77.9429 | 4.6344 | 552 | 372 | 279.1226 | 1.7209 | 763943 | 53.5357
0) 74.2457 | 5.0415 | 514 | 344 | 261.7326 | 2.0302 | 520050 | 50.4446
p) 76.2501 | 5.2538 | 480 | 338 | 251.4165 | 2.1102 | 466451 | 50.3238

3.1.1 Regression Analysis
We perform the simple linear and multiple linear regression analysis between all the leap
indices and properties of the thiosemicarbazone derivatives.

Using the calculated values of indices from Table |3|and experimental properties, BP and
MW, from Table [2| we first performed a simple linear regression analysis to determine whether
a linear relationship existed between the indices and the properties. Their correlation matrix is
given in Table

Table 4. Correlation |r| matrix of leap indices with BP and MW
TI — SL mgSJ[, FL FiL FSO;, | ™FSO;, | ™S0; | 2FSO;,

BP 0.8152 | 0.8016 | 0.7371 | 0.7994 | 0.7855 | 0.6239 | 0.8018 | 0.7296
MW | 0.9144 | 0.8869 | 0.8940 | 0.8904 | 0.8938 | 0.6047 | 0.9060 | 0.7259

The following are the corresponding best-fit linear regression models, involving a single leap
index at a time, for each property of the chosen antimalarial drugs.

Best-fit Linear Regression Models:

BP =241.8060(£22.9011) + 1.9880(+0.3775) x SL; 3.1)
R?2:0.6646, RMSE: 16.1458, SE: 0.3774, F-value: 27.7371, p-value: 1.1918e-04.
MW =109.5325(+14.0782) +1.9607(+0.2321) x SL; 3.2)

R?:0.8360, RMSE: 9.9254, SE: 0.2320, F-value: 71.3891, p-value: 7.2094e-07.

From the parameters in equations and (3.2), it is clear that the Sombor leap index, SL,
exhibits the highest correlation with BP (R? =0.7) and MW (R2 = 0.8). The linear regression
models related to each property involving each topological index are given below.
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Simple Linear Regression Models for BP:

BP =241.8060(£22.9011) + 1.9880(£0.3775) x SL,

BP =128.3399(+46.4479) + 52.8324(+10.5324) x™ SL,

BP =296.0836(+16.5096) + 0.1817(+0.0445) x FL,

BP =280.2366(+16.6846) + 0.3206(+£0.0644) x F'1 L,

BP =282.8776(+16.9323) + 0.4142(+0.0872) x FSOy,,

BP =206.3368(+51.8619) + 86.6538(+29.0126) x™ FSOy,,

BP = 262.6388(+19.9506) + 2.5181(+0.5017) x4 SOy,

BP =338.2137(+7.5131) + 0.9635 x 10™4(+0.2413 x 10~ x2FSOy.

Simple Linear Regression Models for MW

MW =109.5325(+14.0782) + 1.9607(+0.2321) x SL,

MW =0.7319(+31.5603) + 51.3978(+7.1565) x™ SL,

MW =157.9141(+9.6243) 4+ 0.1937(£0.0259) x FL,

MW =147.9838(+11.1159) + 0.3139(+0.0429) x F'1 L,

MW =148.9344(+10.7898) + 0.4144(+0.0556) x FSOp,,

MW =95.1574(+46.4695) + 73.8594(+25.9959) x™ FSOy,,

MW =129.3629(+12.4271) + 2.5019(+0.3125) x4 SO,

MW =207.0684(+6.6446) + 0.8428 x 10™4(+0.2134 x 10™*) x2FSOy..

The plots of the actual and predicted values for each property, along with the best-fit line,
are given in Figure [1] The red solid line represents the best-fit linear model of the predicted
values, and the blue dots denote the observed values of the property. However, the R? value for
BP does not exceed 0.8.

400

@ Actual Values L] @ Actual Values e
—— Linear (R*=0.6646) = Linear (R*=0.8360)

Figure 1. Correlation of SL with BP and MW: Leap indices

To enhance the performance of the leap indices in QSPR analysis, multiple linear regression

was performed. The multiple linear regression model, which involved SL, ™"SL, F1L, FSOy,,
mFSOy,, and %S0y, yielded the following best-fit models for each property, with significant
parameters, amongst all other combinations.
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Best-fit Multiple Linear Regression Models for Each Property:
BP =250.5704-10.5760 x SL +28.7308 x™ SL + 5.7645 x F1L
~6.7191 x FSOy, +34.2894 x™ FSOr, +9.5191 x™** SO, ; (3.3)
R?2:0.8807, RMSE: 9.6287, SE: 12.8383, F-value: 11.0740, p-value: 1.0185e-03.
MW =1.4368 — 8.6600 x SL + 34.5205 x™ SL — 3.4753 x F1L
+1.9411 x FSOy, +7.6250 x™ FSOy, +27.8774 x™¢ SOy ; (3.4)
R?:0.9847, RMSE: 3.0303, SE: 4.0405, F-value: 96.6480, p-value: 1.1756e-06.

Best Fit for BP: Multiple Linear Model Best Fit for MW: Multiple Linear Model

Figure 2. Plots for actual vs predicted values of BP and MW using (3.3) and (3.4): Thiosemicarbazone
Derivatives

The multiple linear regression analysis involving six of the selected leap indices enhanced
the R?(%) from 70% and gave better results than simple linear regression models. Here, R?(%)
is observed to be 88% for BP and 98% for MW . The other statistical parameters in the model,
including low RMSE values, a low SE value, a high F-value, and a p-value less than 0.05
for each property, indicate a significant correlation between the indices and the properties of
thiosemicarbazone derivatives. The best-fit plots are depicted against the actual and predicted
values of each property using the models and (3.4), respectively. They are depicted in
Figure 2| In each plot, the solid green dots represent the experimental values, and the red dots
represent the predicted values of the corresponding property.

3.2 QSPR Analysis of Therapeutic Compounds
The leap indices calculated using SMILES string of the randomly chosen drugs from Table
are given in Table [6]

Table 5. Experimental values of 30 therapeutic compounds

Number | Drugs BP MV MR Polar
1 Quetiapine 556.5 | 301.1 | 110.2 43.7
2 Haloperidol 529.0 | 303.3 | 101.0 40.0
3 Metformin 172.5 | 100.8 334 13.2
4 Pioglitazone | 575.4 | 282.8 98.2 38.9

Table 5 (continued)
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Number | Drugs BP MV MR | Polar
5 Chloroquine 460.6 | 2879 | 974 | 38.6
6 Lumefantrine 6425 | 422.3 | 151.0 | 59.9
7 Pyrimethamine 368.4 | 180.2 67.1 | 26.6
8 Hydroxychloroquine 516.7 | 285.4 | 99.0 | 39.2
9 Leflunomide 289.3 | 194.1 | 61.0 | 40.6

10 Baricitinib 707.2 | 238.1 | 98.2 | 389
11 Upadacitinib -1 243.0 | 91.6 | 36.3
12 Fluticasone propionate | 568.3 | 377.0 | 121.1 | 48.0
13 Dacomitinib 665.7 | 349.5 | 129.5 | 51.3
14 Paclitaxel 957.1 | 610.6 | 219.3 | 86.9
15 Ispinesib 708.0 | 425.2 | 149.2 | 59.2
16 Donepezil 527.9 | 332.5 | 110.4 | 43.8
17 Rivastigmine 316.2 | 241.2 | 73.1| 29.0
18 Linezolid 585.5 | 259.0 | 83.0 | 32.9
19 Moxifloxacin 636.4 | 285.0 | 101.8 | 40.4
20 Pyrazinamide 273.3 87.7 31.9 12.6
21 Rifampin 1004.4 | 611.7 | 213.1 | 84.5
22 Doxorubicin 810.3 | 336.6 | 131.5 | 52.1
23 Carmustine 309.6 | 146.4 | 46.6 18.5
24 Afatinib 676.9 | 352.0 | 131.2 | 52.0
25 Gefitinib 586.8 | 337.8 | 118.8 | 47.1
26 Gemcitabine 482.7 | 142.3 | 52.1 | 20.6
27 Capecitabine 517.0 | 240.5 | 82.3 | 32.6
28 Exemestane 453.7 | 260.6 | 85.8 | 34.0
29 Letrozole 563.5 | 234.5 | 87.1| 345
30 Fulvestrant 674.8 | 505.1 | 154.0 | 61.1

Table 6. Calculated leap indices of 30 therapeutic compounds

Number SL mSL FL | F1L FSO; | "FSOr, | 2FSOy, redSQy,
1 133.9438 | 7.6223 | 962 | 654 | 474.3170 | 3.1734 | 1327400 | 92.1066
2 124.2156 | 6.5869 | 834 | 574 | 420.3022 | 2.2170 | 578810 | 85.1712
3 26.4632 | 2.5988 | 140 94 | 73.6464 | 1.1585 24128 | 15.9061
4 114.1417 | 6.6108 | 702 | 496 | 360.6787 | 2.2985 | 298782 | 76.5830
5 96.3539 | 5.9764 | 636 | 436 | 324.6954 | 2.2317 | 575395 | 64.8669
6 177.4524 | 9.7302 | 1534 | 942 | 690.2053 | 4.2975 | 4472126 | 124.8857
7 82.3985 | 4.3318 | 656 | 412 | 313.5154 | 1.5251 | 926098 | 57.7867
8 99.3314 | 6.5108 | 656 | 448 | 333.9209 | 2.7837 | 580726 | 66.4593
9 90.9920 | 4.5632 | 670 | 430 | 327.4680 | 1.4402 | 346474 | 63.4895

Table 6 (continued)
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Number SL mSL FL | FiL FSOr, | ™FSOy, 2Fsoy, redSQy,
10 144.2099 | 6.4594 | 1176 | 761 | 559.7966 | 2.3593 | 1690426 | 104.2093
11 151.6072 | 6.4792 | 1362 | 826 | 614.1663 | 1.9722 | 3272857 | 110.9553
12 226.5174 | 7.4844 | 2870 | 1586 | 1212.4511 | 2.7118 | 24806563 | 176.1913
13 159.9646 | 8.6303 | 1106 | 752 | 548.4109 | 2.9965 | 1043463 | 109.9744
14 361.6029 | 14.7839 | 3758 | 2177 | 1633.1143 | 4.9229 | 24221784 | 268.6955
15 187.9511 | 9.7551 | 1540 | 980 | 725.1099 | 3.8692 | 3405849 | 132.5816
16 144.1618 | 7.1954 | 1068 | 710 | 515.6952 | 2.4702 | 1134408 | 101.1726
17 74.6639 | 4.6132 | 456 | 326 | 241.8069 | 1.6884 242338 | 49.8977
18 117.8005 | 6.2941 | 870 | 574 | 426.0818 | 2.2304 868055 | 82.1559
19 168.5122 | 7.7868 | 1600 | 968 | 721.1852 | 3.1452 | 4905441 | 123.3409
20 32.9969 | 2.5925 | 166 | 128 95.5327 | 1.0798 49184 | 20.5024
21 321.0333 | 13.5516 | 2834 | 1772 | 13154132 | 4.2342 | 8847628 | 234.7719
22 237.6974 | 8.5233 | 2384 | 1410 | 1054.1217 | 2.4576 | 7550754 | 178.8317
23 36.3887 | 4.0389 | 174 | 138 | 105.7632 | 2.4609 54836 | 21.6739
24 164.4766 | 8.9577 | 1170 | 778 | 567.6972 | 3.1322 | 1118919 | 113.4177
25 151.2300 | 8.1526 | 1034 | 712 | 517.7998 | 2.8446 993271 | 103.9390
26 98.2051 | 4.0616 | 898 | 548 | 413.3332 | 1.2856 | 2050163 | 72.2310
27 117.6617 | 6.5843 | 888 | 584 | 431.8704 | 2.7415 | 1241091 | 81.7945
28 146.8878 | 4.5849 | 1564 | 916 | 686.2308 | 1.2279 | 5538499 | 112.4079
29 107.2972 | 5.8590 | 766 | 520 | 383.4535 | 2.0995 | 1177704 | 74.1121
30 213.3161 | 10.0351 | 1828 | 1136 | 837.3056 | 3.4616 | 5200345 | 152.1297

Now, we perform simple linear regression involving one topological index and also involving

a combination of two topological indices with a fitting parameter. First, we perform simple
regression analysis between leap indices in Table [6] and properties in Table[5] to estimate their
correlation. The correlation matrix with |r| values is given in Table |7\ From |r| values in bold, it
is clear that ™SL exhibits the highest correlation for all properties, with |r| ranging from 0.92
to 0.98. The index 2FSOy, exhibits the least correlation with all properties.

Table 7. Correlation |r| matrix of leap indices

TI — SL m™SL FL F,L FSO;, | ™"FSO, | ¢SOy, | 2FSOy,
BP 0.9122 | 0.9210 | 0.8130 | 0.8525 | 0.8424 | 0.8077 | 0.8960 | 0.5158
MV 0.9228 | 0.9671 | 0.8305 | 0.8648 | 0.8560 | 0.8803 | 0.9024 | 0.6026
MR 0.9402 | 0.9861 | 0.8415 | 0.8781 | 0.8684 | 0.8977 | 0.9192 | 0.5924
Polar | 0.9338 | 0.9742 | 0.8353 | 0.8709 | 0.8621 | 0.87563 | 0.9132 | 0.5850

The robust linear models for each property are as follows:
BP =119.9732(+38.1776) + 61.8998(+5.0377) x™ SL;

R?:0.8483, RMSE: 72.7147, SE: 5.0377, F-value: 150.9757, p-value: 1.44e-12.

MV = —7.8546(+16.7876) + 43.8145(+2.2152) x™ SL;

Commaunications in Mathematics and Applications, Vol. 16, No. 4, pp.[1143H1157, 2025
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R?2:0.9354, RMSE: 31.9744, SE: 2.2152, F-value: 391.2042, p-value: 1.35e-17.

MR = -5.8924(+3.8549) + 15.6947(+0.5087) x"* SL; 3.7
R?2:0.9724, RMSE: 7.3422, SE: 0.5087, F-value: 951.9882, p-value: 1.37e-22.
Polar = —0.5132(+2.0394) + 6.0427(+0.2691) x™ SL; (3.8)

R?2:0.9492, RMSE: 3.8843, SE: 0.2691, F-value: 504.2063, p-value: 5.31e-19.

@ Actual Values

Figure 3. Correlation of ™SL with BP, MV, MR, and Polar: Therapeutic compounds

Figure 3| depicts the plots of the best-fit models of all properties. All the statistical
parameters— R2 > 0.9, low RMSE and SE, high F-value, and p-value < 0.05 —make models
(3.6), (3.7), and (3.8), robust for the properties MV, MR, and Polarizability, respectively.

The following linear regression models were developed for each property using individual
leap indices.

Simple Linear Regression Models for BP:
BP =230.7847(+£31.7555) + 2.2712(£0.1962) x SL,
BP =119.9732(+38.1776) + 61.8998(+5.0377) x™ SL,
BP =337.8585(+36.6754) + 0.1814(+0.0250) x FL,
BP =303.1033(+35.2909) + 0.3344(+0.0394) x F; L,
BP =308.5638(+36.1334) + 0.4406(+0.0542) x FSOy,,
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BP =152.2316(+60.5892) + 157.2405(+22.0838) x™ FSOyp,,

BP = 256.9372(+32.7004) + 2.9328(+0.2795) x"*? SOy,

BP =499.3410(+35.7786) + 0.1572 x 10~4(+£0.0502 x 10™*) x2 FSOy..
Simple Linear Regression Models for MV

MV =179.0333(+20.1279) + 1.5486(+0.1244) x SL,

MV = -7.8546(+16.7876) + 43.8145(+2.2152) x™ SL,

MV =150.5766(+23.6474) + 0.1249(+0.0161) x FL,

MV =127.8735(£22.8535) + 0.2287(+£0.0256) x F1 L,

MV =131.3122(+23.3678) +0.3018(+0.0351) x FSOp,,

MV =4.1575(+32.8636) + 115.5093(+11.9783) x" FSOyp,,

MV =97.7668(+21.3885) + 1.9910(+0.1829) x*¢ SO,

MV =256.1302(+22.4657) + 0.1238 x 10~*(+0.0315 x 10™*) x2 FSOy..
Simple Linear Regression Models for MR:

MR = 25.2884(+6.2518) +0.5544(+0.0386) x SL,

MR = -5.8924(+3.8549) + 15.6947(+0.5087) x™ SL,

MR =51.1906(+8.0569) + 0.0445(+0.0055) x FLL,

MR =42.9816(+7.6509) + 0.0816(+0.0086) x F'1 L,

MR =44.2584(+7.8732) +0.1076(+0.0118) x F'SOy,,

MR = -1.6158(+10.7202) + 41.3866(+3.9073) x™ FSOyp,,

MR =32.0115(+6.8671) + 0.7125(+0.0587) x"*¢ SO,

MR = 89.2447(+7.9678) +0.0427 x 10"4(+0.0112 x 10~*) x2 FSOy..
Simple Linear Regression Models for Polar:

Polar =11.3290(+2.5585) + 0.2146(+0.0158) x SL,

Polar = —0.5132(£2.0394) + 6.0427(+0.2691) x™ SL,

Polar =21.3674(+3.1953) +0.0172(+0.0022) x FL,

Polar =18.2103(+£3.0619) + 0.0315(+£0.0034) x F1 L,

Polar =18.6846(+3.1361) + 0.0416(+0.0047) x FSOyp,,

Polar = 1.6722(+4.5866) + 15.7248(+1.6717) x™ FSOy,,

Polar = 13.9259(+2.7702) + 0.2758(+0.0237) x4 SOy,

Polar = 36.1186(+3.1258) + 0.0164 x 107*(+0.0043 x 10~*) x2 FSOy,.

To enhance the R? value of BP in (3.5), a combination of two leap indices was used with a
fitting parameter A ranging from —20 to +20. The model that we considered here is:

Property = A + B(TI, + ATI)), (3.9

where A and B are the coefficients and T1; represents a topological index.
We got the robust model (3.10) with significant parameters for the combination (FSOyp, +
A"%80;) as the independent variable in the simple linear regression model (3.9). The best-fit
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model for BP is:
BP =175.1011 - 1.1747(FSOy, — 8.68™%4S0,.); (3.10)

R?2:0.9022, RMSE: 58.3892, F-value: 249.0198, p-value: 3.7471e-15.
The change in |r| with the change in A from —20 to +20 for BP is depicted in Figure
The red dotted line represents the maximum R? = 0.90 obtained at A = —8.68.

A ws |r| for BP
=0.950

—=-- Best A =-8.69

Figure 4. Plot for A vs |r|: BP

The best-fit regression model for BP is depicted in Figure |5 The blue circles represent
the actual values of BP, and the red line is the best-fit model.

BP vs Combined Index

» Actual

10001 —— Best Fit

800 4

600 4

BP

400 4

200 4

T T T T T T T
—=700 —600 —-500 —400 —300 —200 -100
Combined Index

Figure 5. Correlation of (FSOp, + A¢dS0; ) with BP

4. Conclusion

From the analysis in Section 3.1 on thiosemicarbazone derivatives, multiple linear regression
models involving Sombor, modified Sombor, Fi, F'-Sombor, modified F'-Sombor, and reduced
Sombor leap indices gave better results compared to simple linear models in terms of significant
R?,1ow RMSE, low SE, high F-value, and low p-value for boiling point and molecular weight
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of thiosemicarbazone derivatives. From the plots related to multiple linear models in Figure 2
it is very clear that the predicted values of BP and MW are not so far from the experimental
values. The highlighted index for the simple linear regression model is the Sombor leap index,
SL, for both properties. In Section related to randomly chosen therapeutic drugs, the
modified Sombor leap index, ™SL, is the highlighted index for simple linear regression of all
the properties. However, for the boiling point, the combination of FSO;, and ¢SOy, produced
a higher correlation than the model involving ™SL. The best-fit plot, Figure |5| for this model
demonstrates its accuracy in accurately predicting the experimental boiling points of these
drugs, which closely follow the best-fit line.

From both the sections, it is very clear that the leap indices have shown better correlation
with the properties of the dataset having a larger number of compounds compared to the dataset
of thiosemicarbazone derivatives. This concludes that the potential scalability of leap indices is
higher on larger datasets than on smaller datasets. All the leap indices are calculated for all
46 compounds simultaneously using RDKit and Python programming software, and the time
and cost required to calculate them were negligible. This minimal computational cost indicates
high computational efficiency of the leap indices for molecular datasets of moderate size and
complexity. From this, we conclude that leap indices considered in this study can be used in
predicting various physicochemical properties of millions of other therapeutic compounds.

5. Future Scope

This study is exclusively limited to performing QSPR analysis on two datasets consisting of
16 and 30 therapeutic compounds in each. To demonstrate that the obtained QSPR model is
both accurate and predictive, validation is essential. Internal validation techniques, such as
k-fold cross-validation, Leave-One-Out cross-validation, or external validation, can be used
to assess the predictive power of the model obtained. Hence, incorporating such methods can
be the future study to ensure that the obtained model is statistically sound and generalizable.
These models can be applied to predict the physicochemical properties of larger datasets instead
of expensive and time-consuming laboratory experiments.
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