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In this article, a quantitative structure-property relationship is performed for the
prediction of six physico-chemical properties of 16 alkaloid structures using three
different types of degree-based topological indices. Chemical structures are
considered as graphs, where elements are taken as vertices and bounds between
them are taken as edges. We defined two new degree-based topological indices,
namely, the “modified harmonic index” and the “advanced harmonic index,” to
analyze and examine the properties of alkaloids. The topological indices and
experimental values act as the inputs of linear and quadratic regression models.
The correlation values and p-values for all the indices are significant which
describe the validity and usefulness of the results. The outcomes determined
in this article assist pharmacists and chemists in studying the structures of
alkaloids for use in daily life, agriculture, pharmacy, and industries. The study
of chemical structures with the help of molecular descriptors and regression
models is a theoretical method that saves time and money.

face index, vertex degrees, neighborhood vertex degrees, QSPR analysis, linear
regression model, quadratic regression model

1 Introduction

Alkaloids are a large group of organic compounds found in nature and have structures
that contain nitrogen atoms. They are odorless, colorless, crystalline liquids with a yellowish
tint and commonly have a bitter flavor. Plants are the major sources of alkaloids, which have
been used as medicines for hundreds of years. The agricultural industry relies heavily on
alkaloids for herbicides and pesticides. They have a wide range of physiological effects on
animals and humans.

Galantamine is used to treat the symptoms of Alzheimer’s disease, which is a brain
disease that slowly destroys memory as well as the ability to think, learn, communicate, and
manage daily activities. Salsoline is a drug that is used as an antihypertensive because it
crystallizes in alcohol solutions. The fruit of the Piper nigrum (black pepper) plant yields
piperine. It has numerous pharmacological effects and numerous health benefits,
particularly against chronic diseases like insulin resistance reduction, anti-inflammatory
effects, and hepatic steatosis improvement. Lycorine hydrochloride is one of many
derivatives of lycorine used in cancer research. Tomatoes, potatoes, and the tobacco
plant all contain nicotine. It is a stimulant that is used to treat smoking addiction
because it speeds up the transmission of messages between the brain and body. The
coffee plant is the main source of caffeine, which is used to treat headaches, improve athletic
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performance, improve mental alertness, and treat obesity. To study the role of alkaloids in production of different disease drugs see [1, 2].

Alkaloids are toxic and addictive, and can cause serious illness if used without supervision. Itching, nausea, vomiting, and mild
gastrointestinal disturbances are the mild toxic effects. Chronic effects include psychosis, paralysis, teratogenicity, arrhythmias, and sudden
death. Coniine is an alkaloid that causes respiratory arrest and is referred to as the “killer of Socrates.” Tropane can cause mydriasis, mouth
dryness, thirst, diarrhea, confusion, hallucinations, ataxia, convulsions, and respiratory failure-related death. To study the toxic effects of
alkaloids on human and other organism’s health see [3].

The topological index is a function that converts molecular structures into structural descriptors expressed as numerical indices.
Topological indices should be interpreted structurally, have a good correlation with at least one property, be locally defined, be independent of
other descriptors, be simple, have a correct size dependence, and change slowly as structures change. A set of parameters known as chemical
descriptors are calculated for the chemical compound under study [4]. Topological indices fall into one of five distinct subcategories: degree,
distance, mixed, matching, and eigenvalue. This article discusses degree-related indices for sixteen commonly used alkaloid structures. The
idea of a topological index was given by Harry Wiener in 1947 to calculate the boiling points of alkanes [5]. This index was a distance-related
index that proved to be a bridge between chemistry and mathematics. After some years, degree-related indices such as the Zagreb and Randic
indices are introduced. The degree-related indices are the most useful and successful indices, especially to understand the chemical structures
[6]. Quantitative structure-property relationship (QSPR) models are used in chemistry to predict the properties of chemical compounds
based on their molecular structure. These models use mathematical equations or algorithms to correlate the structure of molecules with their
physical, chemical, or biological properties. QSPR models offer valuable insights into compounds’s properties without extensive experimental
testing, saving time and resources in areas like drug discovery, environmental studies, and material science. They can help predict the
biological activity, toxicity, and pharmacokinetic properties of new compounds, assess the environmental fate of chemicals, predict the
properties of polymers, solvents, and catalysts, and support regulatory decisions. In short, QSPR models accelerate the design and
development of new compounds and materials while minimizing the need for costly and time-consuming experimental testing. For more
information about QSPR models and their results, see [7-10].

The correlation coefficient (r) between physico-chemical properties and topological indices is used to determine if a topological index can
be used to predict the behavior of a chemical compound. The topological indices with r greater than 0.8 are very useful in QSPR and QSAR
analysis. A large number of articles have been written on the significance of the degree-related indices using the statistical approach. This
work motivated us to study the degree-related indices and alkaloid structures. In recent times, Zhang et al. made a study on the QSPR analysis
of malaria medications in which nine medications were taken into consideration for the regression analysis of six physicochemical properties
[11]. Fozia et al. analyze the nine drugs of cardiovascular disease by using eight definitions of degree-related indices [12]. The QSPR modeling
of drugs came to the conclusion that the ABC index, which has a correlation of 0.984, is used to approximate molar volume, the R index is
useful for measuring molar refractivity, with correlations of 0.990, and the GA index is used to predict the polarity of cardiovascular drugs,
with a correlation of 0.988. Gnanaraj et al. studied the ten commonly used painkillers with the help of degree-related indices and different
regression models [13]. The effectiveness of the TIs is examined by different regression models, such as linear and quadratic, used for
understanding the structures of alkaloids. Abid et al. studied the medicines used for the treatment of lyme disease [14]. The QSAR modeling
of the statistical data of lyme drugs show that there is a strong relationship between experimental and estimated values of the medicines.
Parveen et al. studied the rheumatoid arthritis treatment medicines by applying degree-related indices and statistical analysis [15].

This article consists of six sections. Section 1 has information about the alkaloids and basic formulae used for computations. Section 2
provides an explanation of the working procedure and methods. Section 3 contains experimental and estimated values of the alkaloids’
structures. An example to explain the way of calculating topological indices is also discussed in this section. All the statistical work is done in
Section 4. This section contains detailed information about the linear and quadratic models. Section 5 has a discussion of results, their
importance and applications. The conclusion and future work are explained in Section 6. The references related to the article are mentioned at
the end of the article.

1.1 Fundamental definitions and brief literature review

Let G = (E, F, V) be a graph representing the two-dimensional structures of alkaloids, where E (G) is the collection of edges, V (G) is the
collection of vertices, and the set of faces is denoted by F(G). All the graphs are hoop-less, simple, planar, and connected. If e is one of the
edges that surround the face, the face fis incident to edge e. In a similar manner, if / is at the end of one of those incident edges, a face fin G is
incident to a vertex h. The degree of a vertex h is the number of edges attached to it, represented by @;. An edge “e” is formed by the
connection of two nodes. The neighborhood sum degree of a vertex & is the sum of the degrees of all the vertices attached to . It is represented
as Sy The atoms of the structures of alkaloids are represented by nodes, and bonds by edges.

In 2020, Jamil et al. introduced the concept of the face index to understand the characteristics of benzenoid hydrocarbons [16]. He studied
21 benzene derivative structures with the help of the face index. He calculated the boiling point and 7-electron energy of benzene derivatives
with the face index using multilinear regression. The boiling point and 7-electron energy were already calculated with the help of different
degree-related indices, but FI gave the maximum correlation with the structures. The FI is basically related to the shape and geometry of
structures. The m-electron energies give r = 0.9933 and r = 0.9996 for linear and multivariate correlation, respectively. The linear and
multivariate correlations between FI and the boiling point of benzene derivatives are r = 0.9886 and r = 0.9985. The FI show a very high
correlation and a very low percentage of error for determining the boiling point and pi electron energies of benzenoid hydrocarbons. A face f
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€ F(G) is incident to an edge e € E(G) if e is one of those edges which surrounds the face. Similarly, a face f € F(G) is incident to a vertex h in G
ifh is at the end of one of those incident edges. The face index is determined by using degree of the vertex “h” incident on the face f of a graph.
The mathematical definition of face index is:

FIG)= ) ®(f)= )

feF(G) h~feF(G)

where v ~ f represents the incidency of the vertex h with the face f.

After 1 year, Ding et al. studied the characteristics and features of the regular hexagonal lattices and nanotubes [17]. The structures of
nanotubes are extremely useful in technology today. The face index is used for the analysis of polycyclic compounds such as silicon and
honeycomb networks [18].

The neighborhood face index is introduced by explaining the significance of the face index. In the case of FI, the degree of the vertices is
counted, and in NFI, the sum of degrees of vertices is counted. The mathematical definition of NFI is:

NFI(G)= Y S(f)= Y S

feF(G) h~feF(G)

where h ~ frepresents the incidency of the vertex h with the face f. In 1972, Gutman and Trinajstic proposed a formula to investigate the effect
of total 7-electron energy on a molecule’s structure called the first Zagreb index [19]. The sum of the squares of the vertex degrees @), and @y
of vertices h and k in G is known as the M; index. Gutman et al. proposed the second Zagreb index, M,, in 1975 to study the molecular
structure of acyclic polyenes [20]. The mathematical definitions of M-indices are given below.

Mi(G)= ) (Dy+Dy)

hkeE (G)

My(G)= ) (DyxDy)
hkeE (G)

The M-indices are the most widely used and powerful topological indices for understanding the structures of a large number of chemical
and non-chemical graphs. A large number of articles have been written on M-indices. In 2018, Gutman et al. analyzed and examined the work
done by the M-indices. He investigated the seven distinct Zagreb indices; leap, reduced, coindices, banhatti, reformulated, sigma, and
generalized Zagreb indices that exist [21].

In 2019, Mondal et al. proposed the concept of neighborhood topological indices to examine the properties of octane isomers
[22]. He introduced a new approach to calculating all the old indices in a different way. He used the linear regression model
and neighborhood indices to estimate the physical parameters of octane isomers. The neighborhood Zagreb indices are
computed as:

NM(G)= )" (Su+Sk)
hkeE (G)

NM;(G)= ) (Six S
hkeE(G)

The neighborhood sum indices proved to be very effective in studying the different properties of the chemical structures. In the same year,
Modal et al. studied the graphene and the line graph of the graphene with the help of these indices [23]. The neighborhood sum degree indices
are very powerful. In 2022, Chamua et al. studied the polycyclic aromatic hydrocarbons using these indices and obtained a valid and
significant correlation [24].

In 1987, Fajtlowicz proposed the idea of the harmonic index in computer science to study different networks [25]. In 2012,
Zhong introduced this concept in chemistry [26]. He investigated the minimum and maximum values of the H-index for
the tree graphs. He also studied simple and connected graphs in general, using the H-index. The mathematical definition of
H-index is:

2

HE= 2 @rdy

hkeE (G)

The harmonic index has lots of implications in different fields like computer science, group theory, chemistry, and pharmacy. Shao et al.
make use of the H-index and regression analysis to examine the characteristics of cancer treatments [27].

In 2019, Verma et al. proposed the neighborhood harmonic index to examine the bismuth tri-iodide graphs [28]. The neighborhood sum-
degree harmonic index proposed by inspiring from harmonic index has high values of correlation with different chemical compounds. The
neighborhood harmonic index is abbreviated as NH (G) and defined as:
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2
NH(G) = —_—
hkeEz(G) (Sh + Sk)

We introduced the two unique indices inspired by the harmonic index. The formula that has the square root of the sum and product of
edge degrees is called the modified harmonic index (MHI), and the formula that has the sum of the square root of degrees is called the
advanced harmonic index (AHI). These indices show a strong relationship with the chemical structures of alkaloids. The mathematical
definitions of the MH and AH indices are:

2
hk;«;) V(D@y x D) (P, + D)

MH (G) =

2
AH(G) = —_—
( ) hk;@) (Vq)h + V(Dk)

Arockiaraj et al. (2023) recently introduced the concept of hybrid indices and applied it on the famous classical degree-based topological
indices to understand the properties of polycyclic aromatic hydrocarbons [29]. For more information and deep analysis of different
topological indices see [30, 32-34]. Arockiaraj et al. [31] recently studied the properties of blood cancer drugs with the help of different types
of topological indices and statistical tools.

2 Method and material used for computations

This article has two kinds of computations: the calculation of topological indices and statistical analysis. All the descriptors are of an
additive nature, meaning that results are obtained by adding the terms. The indices, namely, M, (G), M, (G), H(G), MH (G), F(G), and
AH (G), are computed by using the vertex segment technique and the edge partition technique. The NM, (G), NM, (G), NH (G), and
MF (G) are determined by using the neighborhood sum degree technique. In the neighborhood sum degree technique, the degrees of the
vertices are added up and used in formulae. The computations are done by scientific calculations and verified by Matlab. The experimental
values of the alkaloid structures and the two-dimensional structures are taken from Chemspider. The topological indices and experimental
values of the alkaloids act as inputs to the regression models. The SPSS software performs all statistical calculations; regression-related
calculations can also be performed with Microsoft Excel. The procedure of determining the properties of the alkaloids with the help of
topological indices and a regression model is described in Figure 1, given below.

o Find the vertex degrees, neighborhood degrees and divide the edges of all the alkaloids structures according to the edge partitions.

o Put the values of all the edge partitions into the formulae of the degree-related topological indices and collected the experimental values
of the properties of alkaloid structures by ChemSpider.

o The experimental values and estimated values are the inputs of the linear and quadratic regression models.

o Analysis the relationship between experimental values and estimated values by the help of SPSS.

o The molecular descriptors with good correlations are significant and non-significant values are not useful to describe the
properties of alkaloid structure. Apply other indices to get a good correlation for these not-significant values, such as logP and
melting point.

ChemSpider \ Formulas
Structures of  \

R, = '\_’, R
Experimental values akaloids // Estimated values of
of properties _— properties or

(Alkaloids) nputs Inputs | topological indices

\, Apply linear and &~
quadratic regression Non-significant

on inputs for QSPR (" Non-significant
Significant resuits analysis (SPSS) res%lts
p<0001, r>08 / \ p<0.001, r>08
MW, BP FP MR MV, (MP, LogP, IR, ST)

Graphical way to \.\
S'“"”'cam\represem data by bar)

graphs

FIGURE 1
Procedure to estimate the properties of alkaloids.
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3 Determination of basic results for alkaloids

This section is divided into two subsections that discuss the experimental and estimated values of the alkaloid structures. The first part
discusses the six parameters of alkaloids structures, their units, and their importance. The second part of the deal has the estimated values.
The values of topological indices are the predictive values of the physical parameters of alkaloids. There are hundreds of indices that have been
introduced till now, but only those indices called the predicting values whose correlation is very strong.

3.1 Experimental values for properties of alkaloids

There are six characteristics of all the alkaloids’ structures that are estimated with the help of different molecular descriptors. There are several
types of alkaloids found in nature, but only 16 are examined with the help of topological indices and regression models. The 16 alkaloids given in
Figure 2, namely, galantamine, salsoline, piperine, lycorine, nicotine, caffeine, reserpine, colchicine, emetine, physostigmine, vohimbine, vincamine,
tropolone, phennylethylamine, aporphine, and indolizidine, are used to be analyzed by the QSPR modeling. The chemicals that are extracted from
plants, called alkaloids, have multi-dimensional structures in real life, but we study the two-dimensional graphs. The unit of molar weight used in this
manuscript is g/mol. It is clear from Table 1 that reserpine has the highest values of molar weight and tropolone has the lowest values of molar
weight. All the structures and data about drugs are taken from ChemSpider, a reliable source for chemical information. The molecular structures of
alkaloids are given in Figure 2.

The molar weight of the chemicals describe the simpler and complex nature of the structures. The molar wight has sharp values but other five
properties such as boiling point, flash point, enthalpy of vaporization, molar refractivity and molar volume do not have sharp values. Their values are
different on the different places so a range or predicted values of these parameters are used. The boiling point is the temperature at which a liquid
boils and turns into vapor. The unit of BP is degrees Celsius, and colchicine has maximum values of BP BP(726 + 60). Out of all the selected alkaloids,
colchicine has the highest FP values. The flash point is the lowest temperature (in degrees Celsius) at which a liquid in a test vessel produces enough
vapor to combine with the air at its surface to ignite. The unit of EV, MR and MV are kJ/mol, cm® and cm?, respectively. The units of parameters do
not effect the correlation but must be same for all chemical structures.

c OH D OH E F " /
HO,,‘,‘@ H \NJK/EN>
ik o AN N |,
o o (1 AL

N

Galanthamine Salsoline Tropolone Lycorine Nicotine Caffeine
G H | J K L
o)
LN
N N

\
NH:2
Phenylethy-

Indolizidine lamine Yohimbine Vincamine Aporphine Physostigmine

Piperine Colchicine Emetine Reserpine

FIGURE 2
Structures of alkaloids.
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TABLE 1 Physicochemical properties of alkaloids.

Drug name EV

Units kJ/mol

Galanthamine 287.353 439.3 219.5 73.4 80.3 2239
Salsoline 193.242 336.7 157.4 60.3 55.0 174.7
Piperine 285.338 498.5 255.3 76.7 82.1 2354
Lycorine 287.310 477.4 242.5 78.1 74.9 187.0
Nicotine 162.232 2444 101.7 48.2 49.3 157.2
Caffeine 194.191 416.8 205.9 67.0 50.4 133.4
Reserpine 608.679 700.1 377.2 102.5 160.9 458.2
Colchicine 399.437 726.0 392.9 106.0 106.6 318.1
Emetine 480.639 600.3 316.9 89.4 138.4 408.0
Physostigmine 275.346 393.5 191.8 64.3 77.2 236.1
Yohimbine 354.443 543.0 282.2 86.4 99.5 269.1
Vincamine 354.443 508.9 261.6 82.1 98.3 259.6
Tropolone 122.121 290.1 122.0 61.4 32.8 95.6
Phennylethylamine 121.180 183 79.4 41.9 39.3 126.7
Aporphine 235.324 371.3 160.5 61.8 74.1 208.8
Indolizidine 125.211 172.5 50.6 40.9 389 130.5

3.2 Estimated values for properties of alkaloids

There are three types of degree-related indices studied in this manuscript to get a suitable and perfect correlation with the
parameters of alkaloids. The face index and neighborhood degree face index are related to the overall degrees of face in a structure. It
involves the outer degree of the face and the inner degree of the face. There are a total of nine faces of different degrees present in
alkaloid structures. The degrees of faces are fi,, fi13, fis> fis: fie> fi7> fis» f1o and an external face f,. There are 23 possible faces of
neighborhood degrees are f3s, fos, f20, f315 32 f335 f345 f355 f365 [375 f40> fars fas fazs fass fass faes fa7s fao f525 f55 and one external face fo,. The
numerical descriptors such as M, (G), M, (G), H(G), MH(G), and AH (G) are calculated by using the simple edge division technique.
There are eight total possible edge bundles of alkaloid structures given below. The maximum vertex degree is 4, and the minimum
vertex degree is 1. The set of edge bundles is:

E(G) ={(1,2), (1,3), (1,4), (2,2), (2,3), (2,4), (3,3), (3, 4)}.

The numerical descriptors such as; NM, (G), NM, (G), and NH(G) are neighborhood degree-based indices. The possibility of edge
parcels for neighborhood degrees is much greater than simple edge partition. There are a total of 32 edge parcels of alkaloids according to the
neighborhood degree. The maximum neighborhood degree is 10, and the minimum neighborhood degree is 2. The set of neighborhood
degree edges is represented by S(G).

$(G) ={(2,4), (2,5), (3,5), (3,6), (3,7), (3,8), (4,4), (4,5), (4,6), (4,7), (4,8), (4,9), (5,5),
(5,6), (5,7), (5,8), (6,6), (6,7), (6,8), (6,9), (6,10), (7,7), (7,8), (7,9), (7,10), (8,8),
(8,9), (8,10), (9,9), (9, 10), (10, 10)}

The face index of a graph G is determined by the vertex’s incidence on the faces. The term h ~ fmeans the vertex h is incident on the
face f. In face index, first we count and mention all the degrees of the vertices in the graph, and then count the internal and external
degrees of the faces of the graph. The face index in a detailed way is determined below for the structure of naphthalene. Here f,, is the
external degree computed by adding all the degrees of vertices in outer layer of the graph. The face index values are mentioned on the
structure of naphthalene is Figure 3.

F(Naphthalene) = Y @, =|ful(14) + fo =2(14) +22 = 28 + 22 = 50
h~feF(G)

foo=3+2+2+2+42+3+2+42+2+2=22
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FIGURE 3
Face index of Naphthalene.
TABLE 2 Estimated values of the physicochemical parameters of alkaloids.

Drug name Fl MFI M, NM; M, NM, H NH MH AH
Galanthamine 111 276 122 359 153 1,023 9.80 4.08 9.78 15.38
Salsoline 61 103 72 135 85 491 6.2 2.57 6.91 15.30
Piperine 87 199 106 242 121 645 10.16 4.50 9.77 15.31
Lycorine 122 308 128 292 162 1,069 9.96 3.99 9.21 18.14
Nicotine 54 122 68 162 81 477 6.004 2.57 5.84 9.20
Caffeine 61 154 76 188 94 554 249 2.49 6.02 9.68
Reserpine 192 493 236 583 290 1,837 204 8.61 19.81 31.30
Colchicine 166 303 150 362 181 1,112 13.43 5.87 13.28 20.44
Emetine 157 388 190 464 232 1,426 16.7 7.09 16.15 25.50
Physostigmine 89 218 108 265 130 819 9.26 7.09 9.04 14.35
Yohimabine 136 343 150 374 187 1,199 12.36 6.81 11.66 22.78
Vincamine 118 350 156 404 202 912 12.15 4.82 11.56 19.10
Tropolone 34 74 40 86 43 204 4.13 191 4.157 5.50
Phenylethyleamine 31 69 40 82 43 191 4.13 2.111 4.15 5.90
Aporphine 101 253 104 244 129 808 8.7 3.79 8.13 13.52
Indolizidine 48 106 46 106 53 285 4.433 1.94 4.23 6.65

The computations of three type of indices for the 16 structures of alkaloids are very lengthy, so only the resultant values of the topological
indices are mentioned in Table 2. Galanthamine is the first structure on the list of alkaloids. We apply some index formulae to the structure of
galanthamine to clarify the concepts related to face index, neighborhood face index, simple edge partition, neighborhood edge partition, and
the newly introduced modified harmonic index.

The face index of galanthamine is computed as:

F(G)= ) ®y= ) O+ Y Oyt Y Oyt Y Op=|f1s](15) + | f16 (16) + | f10] (19) + 45 = 15 + 2(16) + 19 + 45 = 111
h~feF (G) h~f15 h~f16 h~f19 h~foo

The neighborhood degree face index for galanthamine is calculated as follows:

NE(G)= Y Si= Y S+ Y S+ > S+ Y S

h~f€eF(G) h~f15 h~f16 h~ 19 h~foo
= | f351(35) + | fa0l (40) + | f 42| (42) + | f47] (47) + 112
=35(1) +40(1) + 42 (1) +47(1) + 45 (1) + 112 = 276

There are 24 edges and 21 vertices in the chemical structure of galanthamine. The edges galanthamine structure can be divided into seven packets
such as; |[Eq )| = 1, [Egs)| = 11, [Egp| = 2, [Euz)| = 2, |Eus)| = 2, |[Egs)| = 3, |Eez)| = 3. The harmonic index for galanthamine is determined as:
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TABLE 3 Statistical parameters of linear and quadratic QSPR model for F(G).

Properties N r e Fi Fq (pu Pg) Indicator
MW 16 0.9586 0.9669 158.7583 93.4089 <0.001 Efficient
BP 16 0.9325 0.9325 93.3567 43.3816 <0.001 Efficient
FP 16 0.9264 0.9264 84.7307 39.3596 <0.001 Efficient
EV 16 0.9212 0.9214 78.4786 36.5543 <0.001 Efficient
MR 16 0.9519 0.9569 135.1435 706119 <0.001 Efficient
MV 16 0.9251 0.9385 83.0733 48.0078 <0.001 Efficient
H(G) = z #=(%+g+‘—1+é+é+§+§)=9.80.
whiey @+ @) 375 476 7 6 4

The newly introduced modified harmonic index is based on the simple degree edge partition and can be determined as:

MH(G)_ z 2 —i+—22 +i+i+i+§_9784
hkeE(G) V(®p x ) (g, + D) V5420 V12 /48 54 4

The neighborhood partition of edges is basically the sum of incident degree on a vertex. There are 16 parcels of edges with the respective
frequencies are; S| = 1 S5 = 2, [Sunl = 1 [Ses) = 35 1Ssol = 2, ISs.5] = 2, [Sen] = 1 [S75] = 2. S50l =2 [Se.s] = 1 [Sasl = 1|
S0l = L S0 = L [Se10)] = 25 |Ss,109] = 1 and [Sqi0,10)| = 1. The neighborhood harmonic index is calculated as:

2

NH(G) = —_

hk;@) (Sh+sk)

2 4 2 6 4 4 2 4 4 2 2
NHG) =-+—-+—+—+—+—+—+—+—+—+

628 211 i4 11 10 13 12 11 10 15

+—+—+—+—+-—-=4.0813

18 17 16 18 20

The neighborhood partition of edges is basically the sum of incident degree on a vertex. There are 16 parcels of edges with the respective
frequencies are; S0 = L, [Sis.3)| = 2, [Sunl = L [Sesl = 3, [Se.0l =2, 1S65] = 2 [S6n] = 1 [Sas] =2, [Se0l =2, [Se5] =1 [Sael =1 |
Ssi0l = L [Sza0] = L |Se10)] = 2, |Se10)] = 1 and [S0,10)| = 1. The neighborhood harmonic index is calculated as:

All the topological indices given in Table 2 are calculated in the similar manner as describe in the example mentioned above.

4 Statistical computations

This section discusses all the statistical computations used in this manuscript. There are two regression equations used for the desired and
accurate results of the alkaloids. The simple linear regression equation compares the data according to the straight line. The quadratic
regression involves the square of the dependent variable, so compare the data with the parabolic curve. If the coefficient of the square term
becomes zero, then the quadratic equation of regression converts into a linear one. A straight line is used in linear regression models, whereas
a curved line is used in logistic and nonlinear regression models. The regression equations are given in the first part of this section, and
parameters related to the statistical computations are discussed in the second part of this section.

4.1 Linear and quadratic regressions

A simple linear regression determines the interaction of two quantitative variables. It uses a linear equation to quantitatively describe the
relationship between the unknown or dependent variable and the known or independent variable. A statistical method called quadratic
regression is used to find the parabola equation that best fits a set of data. A quadratic equation depicted on a scatter plot takes the form of a
concave or convex “U” shape. The equations of regression used in computations are defined as follows:

Y (Properties) = a + bX (linear),
Y (Properties) = a + b X + b,X* (quadratic),

«_» .

where Y is dependent or response and X is representing the independent variable. The term “a” is the constant of the linear and
quadratic regressions. The term b, (n = 1,2) are coefficients of regression. The quadratic regression is also called the polynomial
regression of degree two. The number of coefficients b, varies with the power of the independent variable X. The term Y stands for
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TABLE 4 Statistical parameters of linear and quadratic QSPR model for NF (G).

Properties N r Iy Fy Fq (o Pg) Indicator
MW 16 0.9514 0.9632 133.5489 835846 <0.001 Efficient
BP 16 0.8661 0.8707 42.0402 20.3841 <0.001 Efficient
EP 16 0.8596 0.8627 39.6324 18.9275 £0.001 Efficient
EV 16 0.8572 0.8591 38.7903 18.3276 <0.001 Efficient
MR 16 0.9487 0.9574 125.9578 71.608 <0.001 Efficient
MV 16 0.901 09171 60.3579 34.4283 <0.001 Efficient

TABLE 5 Statistical parameters of linear and quadratic QSPR model for M; (G)

Properties I\ r rq F, Fq (b pg) Indicator
MW 16 0.9889 0.9924 622.0212 428.2705 <0.001 Efficient
BP 16 0.8998 09135 59.5331 327921 <0.001 Efficient
FP 16 0.8977 0.9097 58.1328 31.2038 <0.001 Efficient
EV 16 0.8855 0.8952 50.857 26.2429 <0.001 Efficient
MR 16 0.9855 0.9877 472.4818 261.228 <0.001 Efficient
MV 16 0.9551 0.9622 145.6397 81.267 <0.001 Efficient

TABLE 6 Statistical parameters of linear and quadratic QSPR model for NM; (G).

Properties (ow pg) Indicator
MW 16 0.9718 0.9781 238.1398 143.9896 £0.001 Efficient
BP 16 0.8806 0.8910 48.3679 25,0443 £0.001 Efficient
FP 16 0.8788 0.8874 47.4832 24.0959 £0.001 Efficient
EV 16 0.8692 0.8756 432619 21.3752 £0.001 Efficient
MR 16 0.9685 0.9869 4724818 116.2329 £0.001 Efficient
MV 16 0.934 0.9449 95.658 542219 £0.001 Efficient

TABLE 7 Statistical parameters of linear and quadratic QSPR model for M, (G).

Properties \ r rq Fy Fq (o1 pg) Indicator
MW 16 0.9793 0.9847 327.1025 208.0206 £0.001 Efficient
BP 16 0.8909 0.9091 53.8918 28.3719 <0.001 Efficient
FP 16 0.8883 0.8976 52388 26.9633 £0.001 Efficient
EV 16 0.8783 0.8853 47.261 23.5578 <0.001 Efficient
MR 16 0.9751 0.9789 270.1638 1493409 £0.001 Efficient
MV 16 0.9389 0.9483 104.2095 58.027 <0.001 Efficient

the properties of the alkaloid structures and X stands for the simple degree and neighborhood degree related topological indices. All
the equations of the both regression are discussed for the ten degree related TIs. The equations of the regression are given in parallel
for a better comparison of the data. The statistical computation is done using SPSS software. It is clear from the equations given
below that the values of the coefficient of X> are approximately zero. The small values of coefficients of X* describe that no scatter plot
is “U” shaped. The values of the slopes and intercepts are negative as well as positive for all six properties of the alkaloid structures.
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TABLE 8 Statistical parameters of linear and quadratic QSPR model for NM; (G).

10.3389/fphy.2024.1381887

Properties \ n rq Fy Fq (ow pg) Indicator
MwW 16 0.9641 0.9692 184.5696 100.6888 <0.001 Efficient
BP 16 0.8769 0.8867 46.5873 23.9305 <0.001 Efficient
Fp 16 0.8728 0.8808 44.7515 22.5089 <0.001 Efficient
EV 16 0.8617 0.8678 40.3738 19.8412 <0.001 Efficient
MR 16 0.9575 0.9609 154.3584 78.384 <0.001 Efficient
MV 16 0.9267 0.9355 85.1353 45.5696 <0.001 Efficient
TABLE 9 Statistical parameters of linear and quadratic QSPR model for H(G).
Properties N r rq Fi Fq (o1 pg) Indicator
MwW 16 0.9748 0.9821 0.9748 177.3416 <0.001 Efficient
BP 16 0.8599 0.8608 39.7199 18.5937 <0.001 Efficient
Fp 16 0.8582 0.8587 39.1318 18.2623 <0.001 Efficient
EV 16 0.8505 0.8515 36.6205 17.1432 <0.001 Efficient
MR 16 0.9819 0.9856 377.2811 222.6101 <0.001 Efficient
MV 16 0.9732 0.9800 251.0517 158.1892 <0.001 Efficient
TABLE 10 Statistical parameters of linear and quadratic QSPR model for NH (G).
Properties \ r rq Fi Fq (o1 Pg) Indicator
MW 16 0.9135 0.9136 70.5431 32.8286 <0.001 Efficient
BP 16 0.8178 0.8461 28.2679 16.3875 <0.001 Efficient
FP 16 0.819 0.8452 28.5308 16.2676 <0.001 Efficient
EV 16 0.7942 0.8192 23.9146 13.2626 <0.001 Efficient
MR 16 0.9173 0.9157 74.3139 34.5117 <0.001 Efficient
MV 16 0.9141 0.9154 71.1057 33.6452 <0.001 Efficient
A Linear model for MW B Quadratic model for MW
700 700
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FIGURE 4

Linear vs. quadratic regression for molar weight.

Frontiers in Physics 10 frontiersin.org


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2024.1381887

Rasheed et al.

TABLE 11 Statistical parameters of linear and quadratic QSPR model for MH (G).

10.3389/fphy.2024.1381887

Properties N r Iy Fy Fq (o Pg) Indicator
MW 16 0.998 0.9982 3865.717 1838.4811 <0.001 Efficient
BP 16 0.9068 0.9335 64.7608 44.0966 <0.001 Efficient
FP 16 0.9068 0.9317 64.7436 42.8173 <0.001 Efficient
EV 16 0.89 0.9130 53.3435 32.5973 <0.001 Efficient
MR 16 0.9966 0.9966 2037.3028 958.0347 <0.001 Efficient
MV 16 0.9857 0.9866 479.5415 237.9576 <0.001 Efficient
TABLE 12 Statistical parameters of linear and quadratic QSPR model AH (G).
Properties N r rq Fi Fq (o1 Pg) Indicator
MW 16 0.9695 0.9763 219.265 132.5492 <0.001 Efficient
BP 16 0.8916 0.8988 54.2628 27.3359 <0.001 Efficient
FP 16 0.8913 0.8974 54.1142 26.9224 <0.001 Efficient
EV 16 0.8788 0.8830 47.4999 23.0171 <0.001 Efficient
MR 16 0.9658 0.9707 193.9844 106.2859 <0.001 Efficient
MV 16 0.9422 0.9521 110.7661 63.0027 <0.001 Efficient
A Linear model for BP B Quadratic model for BP
900 800
v=2.679x+131.31 y =-0.0074x?+4.5447x +36.13
800 | R?= 0.8096 700 R?=0.8346 . MU U— o
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100 | 100
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Linear Quadratic
FIGURE 5

Linear vs. quadratic regression for boiling point.

4.1.1 Face index F(G)

MW = 17.201 + 2.6858 [F (G)]
BP = 120.581 + 3.1712[F (G)]
FP =26.2212 + 1.9119[F (G)]
EV = 35.328 + 0.3668[F (G)]
MR = 9.5955 + 0.7044[F (G)]
MV =38.528 + 1.917[F (G)]

MW = 0.0076 [F (G)]* + 1.0821[F (G)] + 84.7476
BP = —0.0007[F (G)]* + 3.3235[F (G)] + 114.1687
FP = 0.0004[F (G)]* + 1.8378[F (G)] + 29.3422
EV =0.0002[F (G)]* + 0.3301[F (G)] + 36.8736
MR = 0.0015[F (G)]* + 0.3765[F (G)] + 23.4064
MV = 0.0070[F (G)]* + 0.4342[F (G)] + 100.9847
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Linear vs. quadratic regression for flash point.

Quadratic model for FP

y =-0.0042x2+2.6775x-21.933

R?=0.8276 °
e o e
o
(o]
e
o
o
o
50 100 150 200 250
Quadratic

A Linear model for EV B
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FIGURE 7

Linear vs. quadratic regression for enthalpy of vaporization.

Quadratic model for EV
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Linear vs. quadratic regression for molar refractivity.
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A Linear model for MV B Quadratic model for MV
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FIGURE 9
Linear vs. quadratic regression for molar volume.

4.1.2 Neighborhood face index NF(G)

MW = 37.1585 + 1.0354[NF (G)] MW = 0.0013[NF(G)]* + 0.374[NF (G)] + 101.6417
BP = 162.5619 + 1.1441 [NF (G)] BP = —0.0009[NF (G)]? + 1.6215[NF(G)] + 116.003
FP = 51.6827 + 0.6891 [NF (G)] FP = —0.0005[NF (G)]* + 0.9267 [NF (G)] + 28.5138
EV =40.1261 + 0.1326[NF (G)] EV = —0.0001 [NF (G)]> + 0.1689[NF (G)] + 36.5844
MR = 14.5624 + 0.2727[NF (G)] MR = 0.0003[NF(G)]? + 0.1225[NF (G)] + 29.2097

MV = 56.0128 + 0.7252[NF (G)] MV =0.0011[NF(G)]? + 0.168[NF(G)] + 110.315

4.1.3 First Zagreb index M1 (G)

MW =8.7173 + 2.4258[M, (G)] MW = 0.0032[M, (G)]*> + 1.6083[M, (G)] + 50.4234

BP = 131.3122 + 2.679[M, (G)] BP = —0.0074[M, (G)]* + 4.5447 [M, (G)] + 36.1303
FP =31.9101 + 1.6221[M, (G)] FP = —0.0042[M, (G)]? + 2.6775[M, (G)] — 21.9334
EV = 36.6999 + 0.3087[M, (G)] EV = —0.0007 [M; (G)]* + 0.4908[M, (G)] + 27.4106
MR = 7.1164 + 0.6385[M, (G)] MR = 0.0007[M, (G)]? + 0.4661 [M, (G)] + 15.9095

MV =32.3072+ 1.7329[M, (G)] MV = 0.0033[M, (G)]* + 0.8926 [M, (G)] + 75.1766

4.1.4 Neighborhood first Zagreb index NM{(G)

MW = 32.1649 + 0.9135[NM, (G)] MW = 0.0007 [NM, (G)]* + 0.5066 [N M, (G)] + 79.9245
BP = 158.3214 + 1.0048 [N M, (G)] BP = —0.0010[NM, (G)]> + 1.6082[NM, (G)] + 87.482
FP = 48.2307 + 0.6085 [N M, (G)] FP = —0.0006[NM, (G)]* + 0.9419[NM, (G)] + 9.0988
EV =39.7206 + 0.1161[NM, (G)] EV = —0.0001 [NM, (G)]? + 0.1715[NM, (G)] + 33.2208
MR = 13.2835 + 0.2404[N M, (G)] MR = 0.0002[NM, (G)]* + 0.1488 [NM, (G)] + 24.0432
MV = 49.9362 + 0.6493[NM, (G)] MV = 0.0006[NM, (G)]* + 0.2602[NM, (G)] + 95.6185

4.1.5 Second Zagreb index M, (G)

MW = 22.1031 + 1.8906[M, (G)] MW = 0.0025[M, (G)]? + 1.1152[M, (G)] + 68.7057

BP = 146.107 + 2.0879 [M, (G)] BP = —0.0042[M, (G)]? + 3.366 [M, (G)] + 69.2865
FP = 40.9825 + 1.2633[M, (G)] FP = —0.0023[M, (G)]? + 1.9741 [M, (G)] - 1.7372
EV = 38.3481 + 0.241[M, (G)] EV = —0.0004[M, (G)]* + 0.3588[M, (G)] + 31.2668
MR = 10.6963 + 0.4972[M, (G)] MR = 0.0006[ M, (G)]? + 0.3254[ M, (G)] + 21.0203
MV = 43.2135 + 1.3408 [M, (G)] MV = 0.0024[M, (G)]* + 0.6046 [M, (G)] + 87.4582
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TABLE 13 Comparison of results with literature.
Indices Molar volume Flash point Boiling point Molar refractivity

Results of Alkaloids Structures

M, (G) 0.9551 0.8977 0.8998 0.9855
M, (G) 0.9389 0.8883 0.8909 0.9751
H(G) 0.9734 0.8582 0.8599 0.982

Results of Lyme Drugs [14]

M, (G) 0.8065 0.5707 0.7927 0.9375
M, (G) 0.8445 0.4618 0.7386 0.8419
H(G) 0.9605 0.613 0.8084 0.9744

Results Antidiabetic Drugs [34]

M, (G) 0.949 0.940 0.912 0.953
M, (G) 0.935 0.950 0.912 0.940
H(G) 0.935 0.949 0.909 0.939

4.1.6 Neighborhood second Zagreb index NM, (G)

MW = 45.765 + 0.2876 [N M, (G)] MW =0.0001[NM, (G)]* +0.1855[NM, (G)] + 81.5116
BP =172.3179 + 0.3176[NM,(G)]  BP = —0.0001[NM, (G)]* + 0.4825[NM, (G)] + 114.5734
FP =57.1192 + 0.1918[NM, (G)] FP = 0.0000[NM, (G)]* + 0.2821[NM, (G)] + 25.4993
EV = 41.4695 + 0.03654[NM, (G)]  EV = 0.0000[NM, (G)]> + 0.0517[NM, (G)] + 36.1743
MR =17.0759 + 0.07545[NM, (G)] MR = 0.0000[NM, (G)]* + 0.0534[N M, (G)] + 24.7876
MV =59.5761 + 0.2045[NM, (G)] MV =0.0001 [NM, (G)]? + 0.1072[NM, (G)] + 93.6565

4.1.7 Harmonic index H(G)

MW = 24.8887 + 27.1903[H (G)] MW = 0.5881[H (G)]* + 14.463[H (G)] + 79.4023

BP = 157.7804 + 29.1136 [H (G)] BP = —0.2363[H(G))* + 34.2277[H (G)] + 135.8779
FP = 47.8817 + 17.6338[H (G)] FP = —0.1096[H (G))]* + 20.0056 [H (G)] + 37.7237
EV =39.5895 + 3.3719[H (G)] EV = —0.0282[H (G))* + 3.983[H (G)] + 36.972
MR = 10.6449 + 7.2342[H (G)] MR = 0.1113[H (G)]* + 4.8257[H (G)] + 20.9601

MV = 37.7088 + 20.0792[H (G)] MV = 0.4184[H (G)]? + 11.0247 [H (G)] + 76.4868

4.1.8 Neighborhood harmonic index NH (G)

MW = 24.7648 + 58.088[NH (G)] MW = 0.6254[NH (G)]? + 51.9492[NH (G)] + 36.9749
BP =153.5603 + 63.1237[NH(G)]  BP = -9.1978[NH (G)]* + 153.4069[NH (G)] - 26.0125
FP = 44.7381 + 38.3669 [NH (G)] FP = -5.3685[NH (G))]* + 91.0623[NH (G)] — 60.073
EV =39.6862 + 7.1778[NH (G)] EV = —-0.9955[NH (G)]* + 16.949[NH (G)] + 20.2514
MR =10.8207 + 15.4069[NH (G)] MR = —0.0539[NH (G)]* + 15.9362[NH (G)] + 9.7679
MV =37.1869 + 42.9926[NH(G)] MV = 1.3124[NH (G)]* + 30.1107[NH (G)] + 62.8088

4.1.9 Modified harmonic index MH (G)

MW = —7.7614 + 30.7853[MH (G)] MW = 0.0550[MH (G)]* +29.5636[MH (G)] — 2.1486

BP = 113.6147 + 33.9455[MH (G)] BP = -1.6027 [MH (G)]* + 69.5639[MH (G)] - 50.0183
FP = 20.7584 + 20.6002 [MH (G)] FP = -0.9396[MH (G))]* + 41.4815[MH (G)] - 75.1713
EV = 34.7589 + 3.9011 [MH (G)] EV = -0.1725[MH (G))* + 7.7343[MH (G)] + 17.1488
MR = 2.6384 + 8.1178[MH (G)] MR = —0.0146[MH (G)]* + 8.4414[MH (G)] + 1.1517
MV =15.9178 + 22.4855[MH (G)] MV =0.1854[MH (G)]* + 18.3643[MH (G)] + 34.8505
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4.1.10 Advanced harmonic index AH(G)

MW = —0.8361 + 18.1366[AH (G)] MW =0.2571[AH (G)]? + 9.3637[AH (G)]60.5847

BP = 117.4337 + 20.2445[AH (G)] BP = —0.3087[AH (G)] + 30.778 [AH (G)] + 43.687
FP =23.1251 + 12.2825[AH (G)] FP = —0.1729[AH (G))]? + 18.1811[AH (G)] - 18.1725
EV = 35.0431 + 2.3365[AH (G)] EV = —0.0273[AH (G)]* + 3.2695[AH (G)] + 28.511
MR = 4.6333 + 4.7715[AH (G)] MR = 0.0580[AH (G)]* + 2.7925[AH (G)] + 18.4888
MV =24.2329 + 13.0369[AH (G)] MV = 0.2257[AH (G)]* + 5.3369[AH (G)] + 78.1422

4.2 Statistical parameters

The significance, importance, and variations of each statistical parameter in relation to the T-indices are discussed in this section. There are five
parameters related to statistics that are used to indicate the importance of computations. A population’s size is typically referred to by the parameter
N. 16 alkaloid structures are used, and the sample size is the same for all alkaloid properties. Two tests, the p-test and the F-test, are used to test the
null hypothesis. The p-value is the least significant point at which the null hypothesis would be rejected, and a higher p-value means a greater chance
that the experiment will fail. If the values of p are zero, then it is an ideal significant value. The range of p values varies from 0 to 1. It is clear
from the tables given below that all the values of p are less than 0.001=0. The p-test is significant if p < 0.05 but in this manuscript, the p
values for all the computations are lower than 0.001, which is evidence of a significant experiment. There are ten indices applied to six properties
of alkaloid structures. The eight indices that are already defined are great indices with very low p values, but two indices introduced in this article,
namely, the modified harmonic index and the advanced harmonic index, also have significant p values. A positive sign for experiment selection is
an F-test score greater than 2.5. F values can be anything from 0 to an infinitely large number. The range of F-test values for the face index is
23.1705-81.3911, given in Table 3. The values of the F-test for the NF-index vary from 14.2701 to 82.3884, which is much higher and more
significant than the 2.5 given in Table 4. In both, linear and quadratic regression the maximum and minimum values of F for first Zagreb indices
are 26.2429-622.0212 given in Table 5. It is clear from Tables 3-12 that no topological index show less value than 2.5 that represents all TI are
significant according to F-test.

The parameters r, Fj, py, 1, F,, p, represent the correlation coefficient, F-test and p-test values of the linear as well as the quadratic
regression respectively. A correlation coefficient is a number that describes the relationship between two quantities and is represented
by r. The values of r lie between —1 and 1. The values of r may be negative and positive according to the nature of the relationship
between two quantities. The number r near zero shows no relation and near —1 or 1 is a very strong correlation. There are six properties
of the alkaloid structures are examined with the help of statistical tools but no correlation value is less than 0.6. It can be observed from
Tables 3-12 almost the correlation values between TIs and properties of alkaloids are greater than 0.8. The correlation between flash
point and face index in quadratic regression is only the low correlation r = 0.6638. There is no index in linear and quadratic regression
that shows the inverse relationship with negative values of the correlation coefficient.

4.3 Graphical analysis for curvilinear regression

Linear and quadratic regression models have different curves. We applied two regression models to get good, suitable, and
significant results. It is clear from Tables 3-12 that the results of quadratic regression are higher and more beneficial in studying the
properties of alkaloids. A number of articles have been written on the same pattern, using more than two regression models. The use of
two regression models tells us which is better and also gives the computational comparison. Using multiple regression models in an
article enhances analysis robustness, reliability, and depth, enabling researchers to explore diverse data aspects and draw more
comprehensive conclusions. The linear regression model is good, but the quadratic model has more relevance without results for
alkaloid structures. Quadratic models are useful for capturing complex relationships in real-world data, allowing for curved
relationships, and detecting nonlinearity. They improve model fit, leading to more accurate predictions and a better
understanding of underlying phenomena. Quadratic models also capture curvature, providing a more nuanced interpretation.
They can also identify threshold effects, which are crucial in fields like economics and environmental science.The graphs of all six
properties, such as molar weight, boiling point, enthalpy of vaporization, flash point, molar refractivity, and molar volume, are given in
Figures 4-9. The regression models of all properties are described with the first Zagreb index. The QSPR analysis of all the numerical
descriptors is done in the same way. In every graph, the relationship is significant, but quadratic regression seems to be more suited to
estimating the properties of alkaloids.

5 Discussion and comparative analysis

It is possible to derive a number of results for the given degree-based topological indices by examining the data in Tables 3-12.
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The first index, the face index, has suitable values for the correlation. The correlation ranges for FI are 0.9212-0.9669. The results of

correlations are obtained from both types of regression models. The FI has the highest values of the association with a molar weight of

0.9669 and the lowest values with an EV of 0.9212. The FI is a recent index but gives excellent predictions of the chemical compounds,

especially the rang-shaped structures. The FI is new, so not much work is done on it. It is clear from Table 3 that r is greater than 0.9,

which describes the significance of the FI in the QSPR modeling.

o The QSPR analysis of the neighborhood sum degree face (NFI) index demonstrates that the NF-index is a successful technique for
predicting the molar volume and molar weight of alkaloids, with correlation coefficient values of r = 0.9171 and 0.9632. The range of the
correlation for linear regression varies from 0.8596 to 0.9514. The range of quadratic regression correlations changes from 0.8627 to
0.9632. The examination of Table 4 reveals that both regression models show good correlations, but the quadratic one is more
predictable and strong.

o The QSPR study of the first Zagreb index demonstrates that the M, index outperforms face indices in terms of predictive power.
According to Table 5, the quadratic regression model’s correlation coefficients for the M; index with alkaloids’ molar weight, boiling
point, molar refractions, flash point, and molar volume are all fairly good, with r values of 0.9924, 0.9135, 0.9877, 0.9097, and 0.9622,
respectively. The correlation range for the M; index in the linear regression ranges from 0.8855 to 0.9889.

o Gutman is the first to discuss the significance of the M, index in determining the 71-electron energy. In comparison to the M, index, the

correlation between the M, index and the properties of alkaloids is slightly weaker, as shown in Table 7. The M, index has the strongest

correlation with an alkaloid’s boiling point, with a quadratic regression value of 0.9091.

.

The neighborhood version of M-indices is a relatively new method for comprehending the molecular structures of various chemicals. In
the QSPR study, it was discovered that the predicting power of the NM-indices for the physical properties of alkaloids was comparable
to that of the NF-index. The correlation coefficient has values between 0.8678 and 0.9781. As can be seen in Table 6, the molar weight
correlation is strong and positive, with r = 0.9781. As a result, alkaloids’ properties can be approximated by using NM-indices.

o The harmonic index is a simple index that is easy to calculate. At first, it did not get much attention, but over time, it was used to get
information about the structures of many drugs. With correlation coefficients of r = 0.9821, 0.9856, and 0.98, respectively, Table 9
demonstrates that the H-index is a useful tool for predicting the molar weight, molar volume, and molar volume of alkaloids. The
correlation range for quadratic regression is 0.8515-0.9821, whereas the correlation range for linear regression is 0.8505-0.9748.

The modified harmonic index is the most suitable and efficient index for comprehending alkaloids” properties. The QSPR study in
Table 11 reveals that the predicting power of the MH-index is very high compared to other degree-based topological indices. For the
linear regression, the correlation coefficient of the MH-index with the physical properties of alkaloids is between 0.89 and 0.998, while
for the quadratic regression, it is between 0.9130 and 0.9982. In addition, the molar refractivity (0.9966) and molar weight (0.9982) have
extremely high r values for the MH-index. As a result, the QSPR study demonstrates that the MH-index is an amazing tool for
predicting alkaloids’ physical properties. The fact that this index has the highest correlation values with each of the six properties of
alkaloids in both the linear and quadratic cases is what makes it stand out the most.

For the purpose of analyzing the structures of alkaloids, the advanced harmonic index is introduced. For the linear regression, the AH-
index has a correlation greater than or equal to 0.9 for three parameters: the molar weight (0.9695), the molar refractivity (0.9658), and
the molar volume (0.9422). As an alternative to the experimental values, the relationship between the AH-index and all physical
parameters is very strong and direct. The calculations uncovered that this recently presented index is powerful and beneficial for
concentrating on alkaloid structures.

The aim of this manuscript is to investigate the six properties of the alkaloid structures without doing any lab experiments. The
experimental values are already defined and are very time-consuming, costly, and difficult to calculate. In recent years, a large number
of articles have been published on the significance of numerical descriptors and statistical techniques. A large number of medicinal
structures are explored and examined with the help of different types of indices and different types of regression. To calculate the
relationship between experimental and approximate results, the linear regression model is mostly used because it gives the highest
value of the relationship. Here we mention some results similar to our work to show the validity and significance of computations. Abid
et al. analyzed the lyme drugs with the help of degree-based indices and a linear regression model, and their results are given in
Table 13. Diabetes is one of the most common and fatal diseases today. The results of the correlation for the first Zagreb index, the
second Zagreb index, and the harmonic index are given in Table 13 for the study of four parameters: molar volume, flash point, boiling
point, and molar refractivity. All the correlations of the indices for the alkaloids are higher than 0.8. The correlations for the diabetes
drugs are also greater than 0.8, which describes the selection of suitable indices given in Table 13.

For more applications of the QSPR model method and topological indices see [35-38].

6 Conclusion

In this article, we analyze six properties of the chemical structures called alkaloids with the help of topological indices and
regression models. In QSPR studies, old and new indices are useful for predicting the characteristics of alkaloids. All the TIs have
positive values for the correlation, which means there is a direct relationship between all the topological indices and the six properties
of alkaloids. The novel indices defined in this manuscript have a strong correlation with all six properties of alkaloids. It is important to
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note that the newly defined modified harmonic index has the highest values of correlation with all properties of alkaloids and has a
preference over other indices. The linear and quadratic regression models are used to get suitable results. All the correlation values are
above 0.8, and p values less than 0.001 are considered experimentally useful. The quadratic regression model is more efficient for
studying alkaloid structures. The logarithmic and exponential regression models cannot be used because of low and nonsignificant
correlation values. Alkaloids are important chemicals that are used to make drugs and other medicines. Therefore, chemists can use the
results derived in this article to study alkaloids for a variety of purposes. We work on different topological indices to estimate the
properties of the alkaloids, but only include those descriptors that show a significant relationship with the properties of the alkaloids.
The outcomes derived from the topological indices are the estimated values, which may be significant or not. The validity of the
molecular descriptors is checked with the help of statistical tools.

The characteristics of alkaloids structures, such as melting point, density, logP, and surface tension, cannot be estimated with the help of
the indices used in this manuscript because of low correlation coefficients. Mathematicians may not be able to decide on the values they obtain
for various chemical compounds because chemists have not published the range of topological indices online. A large number of molecular
descriptors have been defined, but still, some properties of the complicated structures cannot be described with the help of the QSPR model
method. This means that mathematicians may not be able to determine whether the compounds the researchers selected will be the subject of
future research.

In the future, might come up with some new indices to learn about different structures, such as the structures of medicines used to treat
high blood pressure.
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