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Exploring Topological Indices and QSPR Models for Anti-Cancer Drugs

Naveen S. Sapare®, Sudhir R. Jog, V. G. Hiremath, Vishwanath A. Modagi

ABSTRACT: This research examines the utilization of topological indices (TIs) and Quantitative Struc-
ture—Property Relationship (QSPR) models to delineate the physicochemical features of five anti-cancer phar-
maceuticals: Adriamycin, Carboplatin, Carmustine, Ellence, and Hydroxyurea. Employing chemical graph
representations, M-polynomials (M-P) and neighborhood M-polynomials (NM-P) were formulated to calculate
a set of degree-based (DB) and neighborhood degree sum-based (NDSB) topological indices (TIs). After that,
linear, quadratic, and cubic regression models were used to find relationships between these indices and ten
important physicochemical parameters. The analysis shows that several TIs, such the Second Zagreb index,
Forgotten topological index, Harmonic index, and Symmetric division index, can be used to forecast param-
eters like molar weight, half-life, polar surface area, density, and refractive index. The findings indicate that
quadratic and cubic models typically surpass linear models in prediction accuracy, as evidenced by low RMSE
values that validate strong structure—property correlations. The results show that polynomial-derived DB and
NDSB TIs are an effective way to study structure-property connections, which can help with rational drug
design and the creation of new anti-cancer treatments.

Key Words: M-polynomial, NM-polynomial, degree-based topological indices, regression model,
QSPR analysis, anti-cancer drugs.
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1. Introduction

Cancer is the term used to describe the body’s aberrant cells’ increased penetration. Carcinogens are
substances that cause cancer. A chemical substance that comprises specific components and is present
in cigarette smoke is called a carcinogen. It can spread to other parts of the body. A lump, weight loss,
irregular bleeding, and coughing are just a few of this condition’s numerous symptoms.

The primary causes of this malignant illness include chronic tobacco chewing, obesity, poor diet, in-
dolence, and excessive alcohol usage. This serious illness can be treated with a variety of drugs, such as
hormone treatment, chemotherapy, surgery, and others. This disease is treated with anticancer medica-
tions, which include metabolites and alkylates.

For the past two to three decades, the world has been dealing with the possibility of discovering
a cure for cancer. Millions of people worldwide suffer with this illness each year. The drugs used
to treat cancer a malignant disease, are known as anticancer treatments. There are many kinds of
anticancer drugs, including hormones, antimetabolites, and alkalizing agents. Numerous studies have
demonstrated a strong correlation between anticancer drugs and the chemical structures of alkanes.
In this proposed effort, several TIs created for anticancer drugs to help researchers comprehend their
physical characteristics and associated chemical interactions. Additionally, covered is the QSPR analysis
of nine degree-based topological markers. We further show that the features are closely related to the
physiochemical properties of anticancer medicines Chemical Graph Theory is concerned with graphs that

* Corresponding author.

Submitted November 07, 2025. Published February 03, 2026
2020 Mathematics Subject Classification: 05C92, 05C09, 92E10

Typeset by BS% style.
1 © Soc. Paran. de Mat.


www.spm.uem.br/bspm
http://dx.doi.org/10.5269/bspm.79960

2 NAVEEN S. SAPARE, SUDHIR R. JoG., V. G. HIREMATH, VISHWANATH A. MODAGI

depict chemical systems. Topological Indices (TT s) for anticancer drugs can be computed using chemical
graph theory. A mathematical formula that can be used to characterize any network that depicts a
molecule structure is the topological graph index, also referred to as a molecular descriptor. H. Wiener
originally calculated and presented the study on the graph G’s TIs in 1947 [1].

This work employs some pharmaceuticals, and a number of well-defined distinct TIs are on a variety
of anticancer medications that estimate their physical properties and associated chemical processes using
degree-based computations [2]. Topological indices are useful tools for studying the physiochemical
properties of chemical compound structures.

Numerous indices have since been examined in the literature [3,4,5]. Graph theory is the subject where
we extract the information present in the graph using many polynomials such as, Hosoya polynomial, Pi
polynomial [6,7,8] M-Polynomial and NM polynomial [9,10,11,12]. The M-P and NM-P are the most
efficient polynomials to extract information from the graph. The topological index may be used to analyze
mathematical values and explore various physical characteristics of a molecule.

In 2015, E. Deutsch and S. Klavzar [13] gave the explanation for general M-P for the graphs.

M(G) = Z map(G) 2%°,  where my is the overall number of edges uv
a<b

refers to the pair of vertices belongs to the edge set E(G). M. C. Shanmukha [14] shown usage of M-P and
NM-P methodology to study four antiviral medications Remedesivir, Chloroquine, Hydroxychloroquine
and Theaflavin involved in the diagnosis of COVID-19 and breast cancer patients. Syed Ajaz K. Kirmani
[15], worked to assess the efficiency of various DB and NDSB TTIs of drugs Lopinavir, Ritonavir, Arbidol,
and Thalidomide through M-P and NM-P which are used to treat COVID-19, also used some physio-
chemical attributes and biological activity of the medications investigated to test the predictive strength
of these Degree Based and Neighbourhood Degree Based TIs. Using combinatorial computation and edge
partition technique. Syed Ahtsham Ul Haq Bokhary [16], Ozge Colakoglu Havare [17] worked on numer-
ous promising drugs. The expressions of M-P and NM-P for numerous prospective medications, including
Triciferol, Vorinostat, Tucidinostat, HDCA-based CUDC-101, and CUCD-907 multi-target therapies, are
established for these pharmaceuticals by examining their molecular structures and QSPR models for var-
ious physiochemical properties feature of the medications mentioned above, which are viewed as crucial
in cancer treatment. They also used degree and neighborhood degree counting methods to obtain the
results.

All of this inspires us to study the molecular structure of Adriamycin(A), Ellence(E), and Carbo-
platin(Cb), Hydroxyurea(H), Carmustine(Cm) all of which are utilized to treat cancer. For chemical
graphs of these medications, M-P and NM-P based on DB and NDSB respectively and QSPR analysis
depending on the total number of degrees surrounding vertices are constructed or developed. Also, in
[18] TIs are discussed using the multiple regression analysis. Different models are generated based on
NDSB TIs and physiochemical properties of various cancer treating medicines.

This research linear, quadratic, and cubic regression models to analyze the relationship between topo-
logical indices and the physicochemical properties of selected anticancer drugs. The simplest way to
figure out how structure influences molecular properties is to utilize linear regression. Chemical behavior
is frequently nonlinear due to several molecular characteristics, including branching, heteroatoms, steric
effects, and connectivity patterns. To further understand these kinds of nonlinear interactions, we incor-
porated quadratic and cubic polynomial regressions. We can also see the trade-off between complexity
and how well the forecast works by slowly boosting the polynomial degree. The correlation got better
and the RMSE values went down when we switched from linear to higher-order models. This shows that
polynomial regression is better for figuring out how the structure and properties of these compounds are
related. These regression approaches also make sure that the findings are straightforward to understand
and don’t have the difficulties with overfitting that are common in more complicated machine learning
models. So, the regression methods that were chosen are the optimum mix of being simple to use, quick
to compute, and accurate for early-stage QSPR study.
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Figure 1: Molecular Structure of five anticancer drugs

2. Preliminaries

In the beginning, we go over the graph-theoretic ideas and polynomial tools that we employed in this
study. We use a finite simple graph G = (V, E) to show each drug molecule. The vertices of the graph
are atoms, and the edges are covalent bonds. The degree of a vertex equals the number of edges that
touch it. We also look at the neighborhood degree-sum of a vertex, which is the sum of the degrees of its
nearby vertices. This gives us second-order connectivity information about an atom. The M-polynomial
M(G) =3, <, map(G) 2%y” shows the joint degree distribution at the ends of edges, where mq;(G) is
the number of edges connecting vertices with degrees a and b. The NM-polynomial does the same thing
for the distribution of neighborhood degree-sums at edge endpoints. By using simple differential and
substitution operators on these polynomials and then evaluating them at x = y = 1, we may get many
often used topological indices, such as the Zagreb indices, the forgotten index, the harmonic index, and
the symmetric division index. We find degree-based (DB) and neighborhood-degree-sum based (NDSB)
indices from M(G) and NM(G) and use them as descriptors in QSPR models (linear, quadratic, and
cubic regressions) to look into the structure—property relationships of the five anticancer drugs we looked
at: Adriamycin, Carboplatin, Carmustine, Ellence, and Hydroxyurea.

Adriamycin (Doxorubicin): Adriamycin is an anthracycline antibiotic used in chemotherapy. Its
chemical formula is Co7Ho9NO11. It works by intercalating DNA strands, inhibiting DNA and RNA
synthesis, and generating free radicals. It is frequently used to treat several cancers, such as lymphoma,
bladder cancer, and breast cancer. Side effects can include hair loss, nausea, vomiting, and cardiotoxicity.

Carboplatin: Carboplatin is a platinum-based chemotherapy drug. Its Chemical Formula:
CeH14N504. It works by cross-linking DNA, which inhibits DNA synthesis and cell division. It’s used

to treat various cancers, including ovarian cancer, lung cancer, and head and neck cancer.

Carmustine: Carmustine also known as BCNU (Bis-chloroethylnitrosourea), has a chemical formula:
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CsHyCI;N30O It is a chemotherapy medication used primarily in the treatment of certain types of brain
tumors, multiple myeloma, Hodgkin’s lymphoma, and non-Hodgkin’s lymphoma. It works by interfering
with the growth of cancer cells and can cross the blood-brain barrier, which makes it particularly effective
for brain tumors. Carmustine can also affect normal body cells, leading to. It’s administered under strict
medical supervision due to its potency and potential side effects.

Ellence(Epirubicin): Ellence is also an anthracycline used in chemotherapy. Its Chemical Formula:
Co7H99NOq;. It is similar to doxorubicin but has a different spatial orientation of the hydroxyl group,
which may reduce its toxicity. It’s used to treat breast cancer, ovarian cancer, and other types of cancer.

Hydroxyurea: Chemical Formula of Hydroxyurea is C14H15N303. It is an antineoplastic drug used
to treat certain cancers, such as chronic myeloid leukemia and sickle cell disease. It works by inhibit-
ing ribonucleotide reductase, which decreases DNA synthesis. Side effects can include bone marrow
suppression, gastrointestinal symptoms, and skin reaction.

Drugs MW | MP | Pka | HL | LogP | HF BP D | PSA RI
Adriamycin 579.98 | 212.5 9.5 34 1.3 | 12,5 | 523.3 | 1.22 | 206.3 | 1.685
Carboplatin | 371.25 200 74 | 17.5 -0.15 9.1 | 384.4 1.3 | 114.7 1.7
Carmustine 214.05 61 4.5 1.5 1.4 | -43.2 | 245.3 1.2 | 52.3 1.6
Ellence 543.5 | 212.5 9.5 | 1.75 1.75 | 12.5 | 523.3 | 1.22 | 206.3 | 1.685
Hydroxyurea 72.5 136 8.3 3| -1.32 | -71.9 | 265.3 | 1.48 | 69.72 1.56

Table 1: Physicochemical Properties of Anti Cancer Drugs[19]

3. Computational Work

In this part we derive the expressions of M-P and NM-P of the molecular graphs of Adriamycin(A),
Carboplatin(Cb), Carmustine(Cm) Ellence(E) and Hydroxyurea(H). Using various combinatorial com-
putation such as edge partition method and neighborhood degree counting method. Molecular graphs
are to understand DB and NDSB TIs using [19] for the above anticancer drugs.We also study QSPR of
various physiochemical proprties.

Theorem 3.1 Let A be the graph of molecule Adriamycin(A),then

M(A) = 2zy® + 8xy® + 2xy* + 227y° + 102> + 42°y* + 142> + 224"
NM(A) = 227yt 4+ 223y° + 62%y7 + 22ty° + 20y " + 22%® + 2Py7 + 2Py + 4288 + 3257 + 627y® + 627¢°
F 2Ty 4+ 22505 + 2% + 205510 + 2%
Proof: The graph of the molecule Adriamycin (A) is represented in Figure 1. The number of vertices is
V(A) = 40, e(A4) = 44.

From the molecular structure of Adriamycin (A), the edge set is separated into 8 classes based on the
degrees of the end vertices.

ei; ={w € E(A) | d(u) =14 and d(v) =5 }, mij = |ejl-

That is, m;; denotes the number of edges whose end vertices have degrees ¢ and j. From the molecular
graph we obtain:

er2 =2, e3=38, eu=2, en=2 e3=10, ey =4, e33=14, ez =2.

Therefore, the polynomial

M(A) = mg;(A)z'y’

i<j
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Topological Index Formula a(e(u), €(v)) Derivation at z =y =1

(e(u) + €(v)) (Dy 4 Dy) f(z,y)
1st ZI: M;(G) and 3rd version ZI: NM;(G) weE(G)

S c(w)el) (D, D,) f(2.)
2nd ZI: M5(G) and 2nd NZI: NMs(G) weE(G)

! (S, S,) F(,1)

2nd MZIL: mMz(G) and 2nd NMZE NmMs(Gyoenia) €W )

(e(u) e(v)) (e(u) + €(v)) (D Dy) (D + Dy) f(x,y)
3rd RZI: ReZG5(G) and 3rd ND3(G) weE(G)

FTI: F(G) and NFTL: NF(G) > ()’ +e(v)?) (D2 + D2) f(z,y)
wweE(G)

e(u)? + €(v)?
SDD: §DD(G) and 5th NDe index: NDs(Gpen €4 €®)

(D Sy + Sz Dy) f(z,y)

HI: H(G) and NHI: NH(G) > m (28:J) f(z,y)
weE(G)

ISL: I(G) and NISL: NI(G) > _luw)ev) (SzJ Dy Dy) f(z,y)
weE(G) E(u) + 6(’())

Table 2: Degree-based topological indices, edge—sum formulas

becomes

M(A) = e122'y? + e132'y? + eyt + eanr®y? + e232?y® + €212yt + e332°y® + ezax’y?

= 2xy? + 8xy® + 2xy* + 22%y% + 1022y + 42?y* + 1423y + 2234

Similarly, the edge set based on the neighborhood degree sum is categorized into the following 17 classes:
e;; = {uv € E(A) | nd(u) =i, nd(v) =j}, my; = lej;|.
From the structure we obtain:

* * * * * *
€y =2, e3g=2, e3;=06, ey 3=2, ey =2 e=2
* * * * * *
657 = 17 658 = 1, 666 = 47 667 = 3, 678 = 6, 679 = 6,

* . * . * . * . * _
ezi0=1, egs=2, egg=1 e510=2, eg=1

Hence, the polynomial
NM(A) =Y mj(A) 'y’

1<j
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becomes
NM(A) = es2’y" + e362°y° + e372°y" + eisz’y® + elnay” + elsa’y® + efra’y” + essa®y® + e5e2’y°
+ 637336247 + 6;8957218 + 5;99571/9 + 6;,101»’73,110 + egsfsys + €§9l’syg + eg,lol’sym + 639909249
= 2%y + 205 + 627 + 22%y° + 20%yT + 20%y® + 2997 + 20y® + 425° + 32597 + 627y + 627y +
7 10 8 10

+ax'y +2x8y8+m8y9+2x Y —|—x9y9,

Theorem 3.2 Let A denote the graph representing molecule Adriamycin(A).The various TIs are

S.NO | M-P Index | Value | NM-P Index Value
1 M, (A) 228 N M, (A) 572
2 Ms(A) 286 NMy(A) 1908
3 mMs(A) 8.55 NmN My(A) 1.4160
4 ReZG3(A) 1596 ND;3(A) 27618
5 F(A) 652 NF(A) 4054
6 SDD(A) 108 ND5(A) 97.45
7 H(A) 17.705 NH(A) 7.2698
8 I(A) 52.695 NI(A) 137.5879

Table 3: TIs of Adriamycin(A)

Proof: Theorem 3.1 gives
D, + D,)M(A) = 6zy* + 32zy> + 10zy* + 8z%y? + 5022y> + 242%y* + 84x3y> + 1423y*,
Yy
(D:D,)M(A) = dzy? + 24zy® + Sxy* + 822y + 602%y> + 322%y* + 12623y° + 2423y*,

_ Q.ryz 8xy3 21y4 2r2y2 1Om2y3 43723;4 14m3y3 2m3y4
(SzSy)M(A) = =5 + =5 + = + =% + =55 + 55 + =55 + 755,

(D.D,) (D, + D,)M(A) = 12xy? + 96zy® + 40zy* + 322%y? + 3002%y® + 19222y* + 7562%y> + 1682y,
(D2 + D2)M(A) = 10zy” + 80zy” + 3dwy* + 162°y” + 130z%y® + 802y* + 2522%y° + 502°y*,

(DzSy + Sz Dy)M(A) = 5xy% + %xy?’ + %xy4 + dz?y? + 6—3?962313 +1022y* + 282393 + %x?’y‘l.

I3 14 fs $5 1‘7
28, J(x,y) =2 (2T + 104 + 125 + 186 + 27) 7

3 4 5 4 5 6 6 7
SoTDLDya,)(0) = B+ 24 5 Ot 2

NM(A) = 202y* + 203y5 + 623y7 + 22ty + 22%y7 + 2098 + 2%y7 + 25y® + 4259° + 32047
+6£E7y8 +6x7y9 +$7y10 + 2$8y8 +1.8y9 + 2x8y10 +$9y9.
(Dy 4+ Dy)NM(A) = 122%y* + 1823y° 4 6023y7 + 182%y® + 222%y" + 24xty® + 122597 + 132°y® + 482%y5 + 39287
+ 90307y8 + 96x7y9 + 17x7y10 + 32a38y8 + 17x8y9 + 36m8y10 + 18x9y9,

(DzDy)NM(A) = 1622y* + 3623y 4 12623y" + 402*y® + 562*y7 + 642ty + 352597 4 4025y® 4 14420°
+1262%y7 + 33627y% + 37827y" + 7027y 0 + 1282848 + 7228° + 16023410 + 8129y,

o 212y4 213y6 6z3y7 214’!./5 2147;7 224y8 15y7 :1:5y8 416y6 316y7 617y8 627y9
(S2Sy)NM(A) = + oYy + + +EL T + + + 8z

2 18 20 28 32 36 42 56
7,10 8,8 8,9 8,10 9,9
z'y 2z°%y z°y 2z%y zy
+ 70 64 + 72 + 80 81

So that we obtain various TIs as in Table 3 from the above equations by taking z = 1.
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Theorem 3.3 Let us C denote the graph representing the molecule Carboplatin (Cb).then,

M(C) = 2xy® + 2xy* + 2%y + 222> + 4x?y* + 223y
NM(C) = 223y" + 42ty 4 2257 + 225910 4 227y" + 22710,

Proof: The molecular graph of carboplatin is represented in Figure 1. We have,
V(C)=13, e(C)=14.

From the molecular structure of Carboplatin, on the basis of vertex degrees, the edge set is separated
into six classes as follows:

€13 =2, e14 =2, €0 = 2, €33 = 2, eg4 = 4, €34 = 2.
Thus,

M(C) = Z map(C) 2%9°

a<b
= e132'y" + eyt + e201®y? + €232°y® + €212yt + ez42”y?
= 229> + 2yt + 2079 + 2277 + 4Pyt 4 203yt

Similarly, considering the sum of the degrees of neighborhood vertices, the edge set of Carboplatin is
separated into the following seven classes:

* * * * * * *
esr =2, ey =4, €37 =2, egr = 2, €6,10 = 2, e77 =2, €710 = 2.
Hence,

NM(C) = mi(C)ay’

a<b
o x 3.7 * 4 6 * 6.7 * 6,10 * 7.7 * 7..10
= €377y eyl Y Fearl Y teg 10T Y el Y +e7 T Y

:2x3y7+4x4y6+2x6y7+2$6y10+2m7y7+2x7y10.

Theorem 3.4 Let C be the molecular graph of Carboplatin (Cb). Then, various TIs are:

S.NO | M-P Index | Value | NM-P Index | Value
1 M1(C) 74 NM1(C) 180
2 M2(C) 90 NM2(C) 580
3 mM2(C) 2.67 NmNM2(C) 0.412
4 ReZG3(C) 516 ND3(C) 8144
5 F(C) 226 NF(C) 1260
6 SDD(C) 37.67 ND5(C) 31.03
7 H(C) 5.5047 NH(C) 2.2787
8 I(C) 16.2615 NI(C) 42.9968

Table 4: TTs of Carboplatin (Cb)

Proof: Using Theorem 3.3 and the operators D,, Dy, Sy, Sy (acting on M (C) or NM(C) as indicated)
we obtain the following expressions.
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(Dy + Dy)M(C) = 8zy® + 10zy* + 82%y* + 102%y® + 242%y* + 142°y*,
(D:D,)M(C) = 6xy® + 8xy* + 822y + 1222y + 322%y* + 242y,

2£Cy3 asy4 l'2y2 x2y3 1,2y4 x3y4
S.S, VM(C) = =
(SzSy)M(C) s T Tttt

(D.D,)(Dy + Dy)M(C) = 24xy® + 40xy* + 3227y + 602%y> + 1922%y* + 16823y*,

(D2 + D2)M(C) = 20xy® + 34zy* + 162°y* + 262°y> + 802%y* + 502%y*.

20 34 13
(DzSy + DyS;)M(C) = gmy?’ + ny4 + dx%y? + §$2y3 +102%y* + Fx?’y‘l.

Next, some auxiliary (integral / summation) identities used in the computations are
2(x)*  4x®  2(x)t  4x® 428 427
2(S.J(z,y)M(C)) = — — + —+ —
(S (z,y)M(C)) 5ttt T T
8z  4x® 42"

—A) T

Sed(DaDy) ()M (C) = - + =20 20 4 =
We obtain NM polynomial N M (C) expressions:
D, + D, NM(C;x,y) = 2023y" + 40zy% + 2625y" + 3225410 + 2827y" + 342717,
Y
D,D,)NM(C) = 4223y" 4+ 962*y% + 8425y™ + 1202%¢'° + 9827y" + 14027y,
Y

21.33/7 4$4y6 2x6y7 2$6y10 2$7y7 2x7y10
Sz Sy )NM(C) = )
(S25y) ©) 21 21 a2 T 60 49 70

(D:D,) (D, + Dy )NM(C) = 4202°y" + 960z*y° + 10922°y" + 192025y + 137227y + 238027y'°,

(D2 + D2)NM(C;z,y) = 1162°y" + 2082"y°® + 17025y" + 2722%'° + 19627y + 29827y",

136 149
2906410 1 4pTyT 4 g9177y10.

116 4
BT 30

21
Finally, using the operator S;J(D;Dy) on NM(C) yields the integrated polynomial form

52 85
0% pyb 4 22,6

(DacSy + DySz)NM(C) y7 + 6 21 y7 +

138(x)t0 8423 98(z)*  120(x)1¢  140(z)'”
+J (D D) (z,y) NM(C) = ,
Sz (DeDy) (@, y)NM(C) 0w Tttt T Yt

(with the obvious simplifications for zero coefficients).
Combining the above expressions and evaluating at the specific numerical x,y-values used in our

computations gives the numerical topological indices listed in Table 4. Hence the various TIs in Table 4

follow from these formulae.
Theorem 3.5 Let C be the graph of the molecule Carmustine (Cm). Then

M(C) = 3zy® + 2xy® + 2%y + 32> + 22393,

and
NM(C) = 922218 + 22yt + 2235 + 230 + 2%y + 2T + 2598 + 2%yT + 2597 + 27y
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Proof: The graph of Carmustine (Cm) is shown in Figure-1. It has |V (C)| = 13 vertices and ¢(C) = 12
edges. We classify edges according to the degrees of their end-vertices. Let

ei; = {uv € E(Cm) | d(u) =1, d(v) =j, i < j}|,
be the number of edges with end-vertex degrees i and j. For Carmustine, these classes are
e12=3, e13=2, exn=2, ey=3, e3z3=2

By definition, M-polynomial is
M(C) =3 _map(C)a"y",

a<b
so substituting the nonzero e;;values yields,
M(C) = ennz'y® + e13x'y® + e220°y” + €230y’ + es3’y’
= 3xy® + 2xy> + 22%y° + 322> + 22393,
which proves the first formula.
For the neighborhood-degree polynomial, we classify edges by the sum (or some neighborhood-degree)

classes; let
ef; = #{uv € E(Cm) | nd(u) = i, nd(v) = j, i < j}.

For Carmustine the non-Mobius edge classes are
* * * * * *
€53 =2, €5y =1, €35 =2, e3g =1, ez, =1, ey; =1,
* * * *
esg =1, esr =1, egr =1, ez, = 1.

By definition
NM(C) = my(C)a"y’,

a<b

substituting the above values gives
NM(C) = ebza®y® + epa®y* + e350°y° + ey’ + etpa’y”
+eiraty’ + eber®y’ + e’y + egray’ + erray’
=22%y° + 2%y* + 227" + 23y + 2Py" + 2ty" + 2%y + 2Py + 20y + 2Ty,
which proves the second formula. Hence the theorem.

Theorem 3.6 Let C be the graph of molecule Carmustine (Cm) then

S.N O | M-P Index | Value | NM-P Index | Value
1 M;(C) 12 NM; (C) 112
2 M, (C) 56 NM;(C) 273
3 mM;(C) 3.388 NmNM,(C) 0.8366
4 ReZG3(C) 272 ND3(C) 3010
5 F(C) 126 NF(C) 600
6 SDD(C) 28.667 ND;(C) 27.12
7 H(C) 5.4667 NH(C) 2.8825
8 I(C) 12.1 NI(C) 26.5034

Table 5: TIs of Carmustine(Cm)

Proof: By Theorem 3.5, we obtain the following operator evaluations on the polynomial M (C) and
NM(C).
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(Dy + Dy)M(C) = 9zy? + 8xy® + 822y + 1522y + 12233,
(D.Dy,)M(C) = 6zy® + 6zy° + 8z%y* + 182%y> + 182%y°,

3 2 2 3 2 2,2 3 2,3 2 3,3
(S28,)M(C) = 2+ = (miy + =+ =5

(D.Dy)(Dy + D,)M(C) = 18xy* + 24zy® + 322%y* + 902%y® + 108z3y°,

(D2 + D2)M(C) = 152y® + 202y” + 162°y* + 392°y> + 362°y>,
13223
2

152y 20zy
_ 2y T 3y 1 dz?y? 4

Some intermediate (summation / integral) operations used in the computations are

(DS, + D,S,)M(C) + 433,

4% 228
2827 (2,y) M (0)) = 2(x)° +2(2)" + - + 5,
and
T 4 T 4 ZL'5 {EG
570D, .M (C) = ML BT ey 1N 9

For the polynomial NM (C;z,y) we obtain:

(D, + D, )NM(C) = 1022y® 4 62%y* + 162%y° + 923y® + 1023y”
+ 11aty" + 1125y° 4+ 1225y + 1325y + 1427y",
(DD, )NM(C) = 1222y + 8x2y* + 3023y + 1823y® 4 212%y"
+ 282y " + 3025y5 + 352°y" + 422897 4+ 492747,
(D2 4+ D))NM(C) = 262°y> + 202°y* + 682%y° + 452%y°® + 582%y"
+ 652y" + 612°y5 + 742°y" + 852047 + 98277,
(D:D,)(Dy + Dy)NM(C) = 60x%y> + 4822y* + 2402°y° + 16223y + 2102°%y”
+ 3082%y" + 3302°y% + 4202°y" + 5462%y7 + 68627y .

The (cleaned) symmetric-sum evaluations are

27)2?}3 .132y4 2x3y5 333]/6 $3y7 $4y7 Z‘5y6 .1351/7 $6y7 .1372/7
S,S, )NM(C) = ,
SeSONMO) ===+ =+ 5 T " v T a0 T TR T

and

_ 65zy" n 13223 5ay* N 6823y>  badys

(D,S, + D, S, ) NM(C)

28 3 2 15 2
58z%y"  61ladyS  TdxSy"T  852C%y”
22V 22V Y PP
21 30 35 42
Finally, the summation/integral identities used in the NM computations are
42 28 28 229 210 4!l 22!2 213 2pM
2(S;J(x,y NM(C)) = —+ —+ —+ — + — ,
(S0 ) NM(O) = - 5+ 5 S o S T g T g

and

122° 828 3028 182Y 21210 28zt 301!  35x12 42413 49z
= — + + + + + + .

Sad (DeDy) (@, y) NM(C) = ==+ Z b =g =gt =ttt g+
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So that we obtain various TIs as in table 5 from the above equations.

Theorem 3.7 Let E be the molecular graph of Ellence (E). Then
M(E) = 2zy® + 2zy® + xy* + 22%9° + 122%° + 22%y* + 152%9° + 239,
NM(E) — 1,2y3 +x2y4 4 2I3y6 4 71,5y7 4 2x4y5 4 1,4y7 +I4y8
+ 305y + 22597 + 25y® + 2255 + 22597 + 27y7
+ 627y® + 827y? + 22%y° + 2%°.
Proof: The molecular graph of Ellence (E) is shown in Figure-1. From the structure we have |V (E)| =

39 and |E(E)| = 43.
Classify edges by the degrees of their end-vertices. For ¢ < j define

eij = {uww € E(E) | d(u) =1, d(v) =j},

the number of edges whose end-vertex degrees are ¢ and j. From the molecular structure the nonzero
classes are
e12 =2, e13=2, e14 =1, esa =2, ea3 =12, eaqg =2, e33 =15, egzq = 1.

By definition, an M-polynomial is

M(E) = Z map(E) 2%y,
a<b

so substituting the above e;; values yields

M(E) = e1nx'y® + e13z'y® + eraa'y* + eana?y? + ez2?y?

+ e242”y* + es32’y® + eaaa’y’
= 229 + 2z + xy4 + 222y + 12223 + 29L‘2y4 + 152393 + 23yt
which proves the first formula.
Next classify edges by the neighborhood-degree classes. For i < j define

¢t = {uv € B(B) | nd(u) = i, nd(v) = j},
the number of edges whose endpoint neighborhood-degrees are i and j. The nonzero e}; values are
era=1e5,=1 €e5,=2,€e5:=7, ejs =2, e, =1, ejg =1,
€rg =3, €ir =2, et =1, €55 =2, €57 =2, €77 =1,
erg =6, €39 =8, €59 =2, €59 = 1.
By definition the NM-polynomial is
NM(E) =) my(E)z"y",
a<b
and substituting the above e]; values gives
NM(E) = es3a’y® + e5,0°y* + e562°y° + es,ay" + elsaty’
+eraty’ + elgaty® + esea’y’ +esra’y’ + ezg”y”
+ efex0yS + el abyT + eroaTy” 4 ergxTyS + el Ty?
+ efo®y? + edgr’y?
= 223 + 2%yt + 22395 + T23y" + 22195 4+ 2tyT 4 2B
+ 3%y 4+ 205y " + 2Py® + 22090 + 22897 + 27"
+ 627y 4+ 827y® + 228y° + 292,
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which proves the second formula. Hence the theorem.

Theorem 3.8 Let E denote the graph representing molecule Ellence (E), then,

S.NO | M-P Index | Value | NM-P Index Value
1 M, (F) 220 NM,(E) 544
2 Msy(E) 27 NMy(E) 1767
3 mMs(FE) 8.14 NmN M, (E) 1.483
4 ReZG3(F) 1510 NDs3(E) 24926
5 F(E) 614 NF(E) 3758
6 SDD(E) 100.83 ND5(E) 104.945
7 H(E) 17.4857 NH(E) 7.68
8 I(E) 51.4142 NI(E) 130.8141

Table 6: TIs of Ellence (E)

Proof: By using Theorem 3.7, we obtain the following equations:
(Dy + D,)M(E) = 6xy® + 32xy® + 5azy* + 822y* + 6022y + 122%y* + 902°y> + 723y*,
(D,D,)M(E) = day® + 24xy® + dzy* + 82%y? + 722%y% + 162%y* + 1352°3y> + 1223y*,
SuS,M(E) = a3 + %xy3 n i:vy‘l + %nyQ + 22?4+ im2y4 n %5.1‘31/3 + 17122033/47
(D2D,) (D, + D,)M(E) = 12xy* + 962y® + 20xy* + 3222y + 36022y® + 9622y* + 81023y® + 84x3y*,
(D? + Di)M(E) = 10zy? + 80zy® + 17zy* 4+ 1622y? + 1562%y> + 402%y* + 27023y> + 2523y,
(DS, + Dy Sy )M(E) = 5xy* + %xy:g + %xy‘l +422y? + 26223 + 5yt + 3023y + %J;3y4.

2[SuJ (2, y)M(E)] = 32° + 42" + 22° + 2" + Za® + 225 + 520 + 227,

SeJDyDy(z,y)N(E) = %:c3 + 8zt + ?x‘r’ + %IG + 1721’7.

(D, + D, )NM(E) = 522y + 62%y* + 1823y® 4 7023y™ + 182y + 112y + 122%¢®
+ 33259% + 2425y" + 1325y® + 242590 + 262%97 4 14277
+9027y® + 12827y + 3428y° + 18297,

(D.D,)NM(E) = 62%y® 4 8z%y* + 362°y5 + 14723y + 402*y> + 282*y" + 322%y8
4+ 902°y°® + 7025y " + 4025y® + 722590 + 84a%y" 4 49277
+ 33627y® + 50427y" + 14428y° + 812%¢°.

(D2 + D2)NM(E) = 132*y® + 202”y* + 902%y°® + 4062%y” + 822*y® + 652*y" + 80z*y*
+1832°y5 + 14825y" + 892°y® + 144255 + 1702%y™ + 9827 y”
+67827y8 + 104027 y" + 2902%y° + 1622°y°.
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(D.Dy) (D, + Dy)NM(E) = 30x%y® + 4822%y* + 3223y% 4 147023y™ + 3602%y° + 30821y" + 384x%y8
+ 9902°y% + 8402y + 5202°y® + 8642%y° + 10922%y7 + 68627 y”
+ 50402 7y® + 80642 7y" + 2448z%y° + 1458217 .

_ 1,23 ,1,2.4 , 1,36 1,37, 1,45 1,47, 1,48 1,56, 2 57
(S2Sy)NM(E) = gx°y” + gz7y" + 527y + 327y + 1577y + 5577y + 552°Y° + 1527y + 5207y
1,58, 1,66, 1, 77, 3 78 8,79, 1 89 1,939
T2Y + 15Ty F 9y F g Y FgzrY 5Ty 5Ty
(DS + DySy)NM(E) = L322y 4+ S22yt 4+ 52390 4 3843y 7 + dlatyP 4 88497 4 B4y8
+ %x5y6+ %J;E’gﬂ—i— %x5y8+4x6y6+ g—‘;’xﬁy7+2x7y7
339 7,8 , 1040,.7,9 |, 145 8 9 9,9
+ 552’y + e’y + gy + 227y
Q[SIJ(:t,y)NM(E)]=%1‘5+%x6+%w9+%x10+%xu+%x12+%x13+%x14+%115+x16+%x17+%x18.
SzJDzDy(x,y)NM(E) = %x5+%xGJr%6909+%xm#»%111+%x12+%113+%x14+%:}:ISJr%zlGJr%x”Jr%xlg.

So that we obtain various TIs as in Table 5 from the above equations.
Theorem 3.9 Let H be the graph of molecule Hydroxyurea (H), then
M(H) = zy® + 229> + 2%y®, NM(H) = 22y* + 223" + 2%y*.

Proof:The molecular graph of Hydroxyurea (H), represented in Figure 1. We have number of vertices
V(H) = 5 and number of edges e(H) = 4. The edge set of Hydroxyurea (H) is divided into 3 classes on
the basis of degree of vertices as follows:

ei2=1, e3=2, ex=1

M(H) = Z Map(A)z%Y’ = epxly? + ezxly® + eazx?®y® = xy? + 2xy> + 2295
a<b
Similarly, considering the sum of the degrees of neighborhood vertices, the edge set of Hydroxyurea (H)
is divided into 3 classes as follows:

* * * *
ey =1, ex=2, ey =2, ey=1

NM(H) = mi,(A)ay’ = es,a’y* + e5,0%y* + efyay®
a<b

NM(H)= 2%y* + 223y* + 2*y*. Hence the theorem.
Theorem 3.10 Let H denote the graph representing molecule Hydroxyurea (H). then

M-P Indices NM-P Indices

S.NO Index Value Index Value

1 Mi(H) 16 NM,(H) 28

2 My (H) 14 NMy(H) 48

3 mMs(H) 1.33 NnmMy(H) | 0.3541

4 ReZG3(H) 60 NDs(H) 344

5 F(H) 38 NF(H) 102

6 SDD(H) 11.33 ND(H) 8.66

7 H(H) 2.0667 NH(H) 1.1547

8 I(H) 3.3666 NI(H) 6.7619

Table 7: Topological indices (TIs) of Hydroxyurea (H).
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Proof:By using Theorem 3.9 we obtain the following operator relations for M (H;z,y) and NM(H):
(Dy + Dy)M(H) = 3zy® + 8zy® + ba’y?

(Dny)M(H) = 2xy? + 621> + 627>
2 2,3
Ty 2xy Ty
SzS,M(H) = ,
yM(H) = = 3 5

(D2Dy) (Dg + Dy) M(H) = 6xy” + 24xy® + 302°y°

(D2 + D2)M(H) = 5zy® + 202y” + 132°y°

S5ry?  20xy®  13z%y3

D, D,S, )M (H) = ,
(DySy + DySy)M(H) 5 T3 T
223 20
2(8,J (x, y) M(H)] = % bt %
2(z)?  6(x)*  6(x)°
SuJ DaDy(,y) N (H) = 22 @) 6(@)
: 3 4 5
Similarly, for the NM-polynomial NM (H;x,y) we get
(Dy + Dy )NM(H) = 62°y* + 14a’y* + 8z*y*
(DyDy)NM(H) = 82%y* + 242°y* + 162*y*
(D2 + D2)NM(H) = 202%y* + 502%y* + 322*y*
(DyDy) (D, + Dy)NM(H) = 482°y* + 1682%y" + 1282"y*
x2y4 .%'31/4 :v4y4
S.SyNM(H) = st T
5 2,4 25 3,4
(DwSy+DySz)NM(H) = x2y + a(;y +2$4y47
28 4(x)T 2B
2(S,J(z,y) NM(H)| = = -,
[SJ(xy) ()] 3—|— - —|-4
428 2427
SpJDyDy(z,y) NM(H) = — v

7

4. Result and Discussion

Quantitative structure analysis of chemical graphs of Adriamycin (A), Ellence (E),

Carboplatin (Cb), Hydroxyurea (H), and Carmustine (Cm) Using certain physicochemical characteristics
of the medications Adriamycin (A), Ellence (E), Carboplatin (Cb), Hydroxyurea (H), and Carmustine
(Cm), as well as the TIs they yield, QSPR modelling has been performed in this section. The model
considers 10 physicochemical parameters, namely: molar weight, melting point, pKa values, half-life,
logP, heat of formation, boiling point, density, polar surface area, and refractive index, together with 16
TIs (eight degree-based (DB) and eight neighborhood degree sum-based (NDSB)) as listed in Table 2.
MATLAB software was employed to obtain the curvilinear regression analysis. The values of the TIs of
the cancer treatment medications are taken as the independent variables in the regression models.
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Drug M1l | M2 | mM2 F ReZA3/NDj3 | SDdeg/NDsg 1 H
Adriamycin 228 | 286 8.55 652 1596 108 52.6952 | 17.7044
Carboplatin 74 90 2.67 1260 8144 37.67 16.2619 | 5.5047
Carmustine 52 56 3.388 126 272 28.667 12.1 5.4667
Ellence 220 | 275 | 8.146 614 1510 103 51.4142 | 17.4857
Hydroxyurea | 16 14 4.88 38 60 11 3.366 2.0666
Table 8: Various Anti-cancer drugs with DB TIs values

Drug NM1 | NM2 | NmM2 | NF | NDj; ND; NI NH NM1
Adriamycin 572 1908 1.4160 4054 | 27618 97.45 137.5879 | 7.2698 572
Carboplatin 180 580 0.412 1260 | 8144 31.03 42.9968 | 2.2787 180
Carmustine 112 273 0.8367 600 3010 27.12 6.7619 2.8825 112
Ellence 544 1767 1.483 3758 | 24926 | 95.1654 | 130.8141 7.36 544
Hydroxyurea 28 48 0.3541 102 344 8.666 6.7619 1.1547 28

Table 9: Various anti-cancer drugs with NDSB TIs values.

The following regression models are examined in this study:

Y =A+ Bz
Y = A+ Bay + Cal
Y = A+ Bxz + Cxj + Dz}

(Linear polynomial),
(Quadratic polynomial),
(Cubic polynomial),

where Y is the response variable, A is the regression constant, and B, C, D are the coefficients for the
individual descriptors. Here 1, xo, x3 represent independent variables, n is the number of samples used
to construct the regression equation, R is the correlation coefficient, SE is the standard error, and F
denotes Fisher’s statistic.

It is well known that when theoretical and experimental outcomes are extremely similar, the correlation
coefficient R approaches 1. To assess the model’s predictive quality, the observed values and model
predictions must be compared. For predictive performance, the RMSE (Root Mean Square Error) statistic
is used. The model with the smallest RMSE value is considered the best prediction model. The RMSE
is defined as:

where z; represents the observed value of the independent variable in the test set, Z; denotes the corre-
sponding predicted value, and n is the number of test samples.

Based on linear, quadratic, and cubic regression models, Tables 10, 11, and 12 present the correlation
coefficient (R) values between TIs and the physicochemical properties of the cancer therapy medicines.
In these tables, the bold entries indicate the highest R value for each physicochemical parameter.
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TI/Prop MW MP pKa HL LogP HF BP D PSA RI
M1 0.9528 | 0.7020 | 0.6660 | 0.6059 | 0.6790 | 0.8029 | 0.9555 | -0.6247 | 0.9677 | 0.7188
M2 0.9546 | 0.7144 | 0.6756 | 0.6074 | 0.6684 | 0.8073 | 0.9601 | -0.6518 | 0.9716 | 0.7247

mM2 -0.6444 | -0.1610 | 0.2362 | -0.1239 | -0.7926 | -0.7420 | -0.4042 | 0.9124 | -0.3412 | 0.7338
F 0.5940 | 0.7093 | 0.2826 | 0.1124 | 0.0938 | 0.8181 | 0.5448 | -0.2813 | 0.4561 | 0.8892
ReZAs 0.2457 | 0.4660 | 0.0251 | -0.1338 | -0.1705 | 0.5458 | 0.1907 | -0.0514 | 0.0926 | 0.6555
SD geg 0.9538 | 0.6960 | 0.6572 | 0.6133 | 0.6870 | 0.8032 | 0.9526 | -0.6330 | 0.9647 | 0.7187
1 0.9487 | 0.6930 | 0.6615 | 0.6000 | 0.6848 | 0.7951 | 0.9512 | -0.6275 | 0.9648 | 0.7093
H 0.9338 | 0.6488 | 0.6355 | 0.5939 | 0.7133 | 0.7668 | 0.9307 | -0.6463 | 0.9486 | 0.6748

Table 10: The linear regression model’s correlation coefficient (R) values between TIs and the physico-
chemical characteristics of several cancer treatment medications.

TI/Prop MW MP Pka HL LogP HF BP D PSA RI

M1 0.9540 | 0.8740 | 0.2990 | 0.888 | 0.5450 | 0.8590 | 0.9930 | -0.5301 | 0.9652 | 0.8472
M2 0.9492 | 0.8812 | 0.3132 | 0.8951 | 0.5323 | 0.8522 | 0.9953 | -0.5174 | 0.9681 | 0.8386
mM2 -0.7481 | -0.0332 | 0.6642 | -0.0632 | -0.9991 | -0.8801 | -0.4133 | 0.9992 | -0.2722 | -0.8921
F 0.9591 | 0.4541 | -0.2842 | 0.4811 | 0.9202 | 0.9981 | 0.7611 | -0.9132 | 0.6552 | 0.9991

ReZA3 0.8761 | 0.2532 | -0.4823 | 0.2833 | 0.9821 | 0.9642 | 0.6051 | -0.9792 | 0.4781 | 0.9692
SDdeg 0.9561 | 0.8692 | 0.2891 | 0.8841 | 0.5532 | 0.8651 | 0.9921 | -0.5391 | 0.9622 | 0.8523
I 0.9551 | 0.8721 | 0.2952 | 0.8871 | 0.5482 | 0.8622 | 0.9932 | -0.5332 | 0.9643 | 0.8482
H 0.9611 | 0.8612 | 0.2743 | 0.8762 | 0.5672 | 0.8723 | 0.9901 | -0.5523 | 0.9583 | 0.8604

Table 11: The quadratic regression model’s correlation coefficient (R) values between TIs and the physic-
ochemical characteristics of several cancer treatment medications.

TI/Prop MW MP Pka HL LogP2 HF BP D PSA RI
M1 0.9501 | 0.7840 | 0.6013 | 0.7137 | 0.8223 0.7842 0.9897 | -0.7141 | 0.9885 | 0.6792
M2 0.9502 | 0.7906 | 0.6067 | 0.7211 | 0.8177 0.7841 | 0.9911 | - 0.7096 | 0.9899 | 0.6795

mM?2 -0.6799 | -0.1378 | 0.4088 | -0.1399 | -0.8315 | -0.8665 | -0.4316 | 0.9313 | -0.3435 | -0.8966
F 0.4078 | 0.2334 | -0.4027 | 0.3155 | 0.3501 0.6818 0.1765 | -0.5206 | 0.0701 | 0.7891
ReZa, -0.0834 | -0.1728 | -0.6755 | -0.0662 | -0.0683 | 0.2529 -.3198 | -0.1430 | -0.4183 | 0.4034
SDdeg | 0.9532 | 0.7859 | 0.5966 | 0.7166 | 0.8247 0.7905 | 0.9905 | -0.7185 | 0.9881 | 0.6868
I 0.9465 | 0.7756 | 0.6066 | 0.7035 | 0.8240 0.7778 0.9873 | -0.7138 | 0.9873 | 0.6711
H 0.9385 | 0.7535 | 0.5942 | 0.6775 | 0.8300 | 0.7650 0.9805 | -0.7160 | 0.9828 | 0.6549

Table 12: The cubic regression model’s correlation coefficient (R) values between TIs and the physico-
chemical characteristics of several cancer treatment medications

From Table 10, M, for Molar weight, M, for Melting point, M, for pK,, SDges for Half-life, H for
LogP, F' index for Heat of Formation, Ms index for Boiling point, mMs index for Density, My for PSA
and F' in Refractive Index are the best estimator indices in linear regression models. The linear models
obtained with these TIs are as follows:

MW = 1.6166Ms + 123.1473 F-ratio: 30.8010 SE: 74.1962 RMSE: 57.4722 (4.1)
MP = 0.3699M> + 111.0622 F-ratio: 3.1275 SE: 53.2771 RMSE: 41.2683 (4.2)
pK, = 0.0110M> + 6.2597 F-ratio: 2.5192 SE: 1.7588 RMSE: 1.3623 (4.3)
HL = 0.19635Dgeg — 2.9225 F-ratio: 1.8090 SE: 13.0626 RMSE: 10.1183 (4.4)
LogP = 0.1165H — 0.6174 F-ratio: 3.1068 SE: 0.9766 RMSE: 0.7565 (4.5)
HF = 0.0653F — 51.3419 F-ratio: 6.0703 SE: 25.9734 RMSE: 20.1189 (4.6)
BP = 1.0116 M5 + 242.4426 F-ratio: 35.3204 SE: 43.3592 RMSE: 33.5859 (4.7
D = 0.00556m M + 1.2056 F-ratio: 14.9051 SE: 0.0549 RMSE: 0.0425 (4.8)
PSA = 0.5599M; + 49.1316 F-ratio: 50.6295 SE: 20.0435 RMSE: 15.5256 (4.9)
RI = 0.0001F + 1.5853 F-ratio: 11.3304 SE: 0.0329 RMSE: 0.0255 (4.10)
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From Table 11, M5 for Molar weight, Melting point, Half-life, Boiling point and PSA, mMj; for pK, and
Density, ReZ for LogP, F' index for Heat of Formation, and F' in Refractive Index are the best estimator
indices in Quadratic regression models. The Quadratic models obtained with these TIs are as follows:

MW = —2.6962H° + 84.5235H — 90.3671 F-ratio: 13.5586 SE: 79.9415 RMSE: 50.5594  (4.11)
MP = —0.0010M3 + 0.6828M> + 98.9846 F-ratio: 1.0770 SE: 64.7071 RMSE: 40.9244  (4.12)
pKa = —0.0143m M3 + 0.7802mM> + 3.8518 F-ratio: 1.9097 SE: 1.7128 RMSE: 1.0833  (4.13)
HL = 0.0007M3 — 0.1421M; + 6.6697 F-ratio: 0.8078 SE: 15.0651 RMSE: 9.5280 (4.14)
LogP = —0.0000ReZ” + 0.0013ReZ — 0.2861 F-ratio: 0.9145 SE: 1.2334 RMSE: 0.7801  (4.15)
HF = —0.0001F + 0.2128F — 74.6490 F-ratio: 82.1943 SE: 6.0642 RMSE: 3.8354  (4.16)
BP = —0.0017M3 + 1.5454 M, + 221.8424 F-ratio: 12.7779 SE: 51.1317 RMSE: 32.3386  (4.17)
D = 0.0003mMj; — 0.0104mMs + 1.2822 F-ratio: 11.1015 SE: 0.0472 RMSE: 0.0299  (4.18)
PSA = 0.0002M3 + 0.4802M> + 52.2092 F-ratio: 17.0137 SE: 24.4546 RMSE: 15.4664  (4.19)
RI = —0.0000F + 0.0003F + 1.5559 F-ratio: 110.2240 SE: 0.0083 RMSE: 0.0053  (4.20)

From min (RMSE) and max(R), the F' index for the Refractive Index and mMy for Density is the best predictive
topological index in the quadratic models. From min (RMSE) and max(R), Tables 10 and 11 show that quadratic
models have predicted ability better than linear models.

From Table 12, SDgeg index for Molar weight and Half-life, M> index for MP, pK,, Half-life, Boiling point and
PSA, H for LogP, mM, for Density and F for Refractive index are the best predictive TIs in the cubic regression
models. The cubic regression models of these indices are as follows:

MW = 0.0003S D3, — 0.1228 D3, 4 15.4645 D ey — 93.075

F-ratio: 15.307 SE: 62.973 RMSE: 28.1624 (4.21)
MP = —0.0001M3 + 0.0393M3 — 2.5414 M, + 148.3188
F-ratio: 0.6543 SE: 76.6163 RMSE: 34.2638 (4.22)
pKa = —0.0000M3 + 0.0015M3 — 0.138M> + 9.5621
F-ratio: 1.15 SE: 1.9587 RMSE: 0.8759 (4.23)
HL = 0.0000M35 — 0.0137M3 + 1.0084M> — 10.9335
F-ratio: 1.6911 SE: 11.6239 RMSE: 5.1984 (4.24)
LogP = 0.0033H® — 0.1153H? + 1.2878H — 3.5125
F-ratio: 1.2556 SE: 1.1054 RMSE: 0.4944 (4.25)
HF = —0.00025 D}, + 0.0007S D3, + 2.9447S Dgeg — 107.8180
F-ratio: 3.3211 SE: 23.6247 RMSE: 10.5653 (4.26)
BP = —0.0001M; + 0.0328M3% — 1.2125M, + 264.0410
F-ratio: 6.7362 SE: 58.2829 RMSE: 26.0649 (4.27)
D = —0.0004mM35 + 0.0268mM3 — 0.2639m M, + 1.8143
F-ratio: 21.2964 SE: 0.0288 RMSE: 0.0129 (4.28)
PSA = —0.0000M3 + 0.0184M3 — 0.9702M, + 74.4015
F-ratio: 10.0846 SE: 26.2558 RMSE: 11.7419 (4.29)
RI = 0.0000F* — 0.0000F2 + 0.0006F + 1.5394
F-ratio: 60727.5686 SE: 0.0003 RMSE: 0.0001 (4.30)

From min (RMSE) and max(R), the mM; index for Density and F' index for Refractive index are the best
predictive TTs in the cubic models. From min (RMSE) and max(R), Table 11 and Table 12 show that cubic
models have predicted ability better than quadratic models. Here the bold values represented in Table 10, 11, 12
show the highest values of correlation between TI’s and properties.
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5. Conclusion

The properties of the molecular structure, which can be ascertained via QSPR modelling with TIs, are critical
to the success of a novel product in pharmaceutical drug design. Using the edge partition technique and analysing
their molecular makeup, the expressions of M-P and NM-P are established for several interesting multi-target
medications, including Adriamycin (A), Carboplatin (Cb), Carmustine (Cm), Ellence(E) and Hydroxyurea (H),
These polynomials are also used to create several DB and NDSB TIs since there is a strong correlation between
these TIs mentioned in table 1 and the molecular structures of some medications used to treat cancer. QSPR
models for Molar weight, melting point, pka values, half-life, logP, heat of formation, boiling point, density, polar
surface area, and refractive index. The values of the chosen TIs are used to determine the attributes of the multi-
target medications Adriamycin(A), Carboplatin (Cb), Carmustine (Cm), Ellence (E) and Hydroxyurea(H), which
in the treatment of cancer, including curvilinear regression models are used to determine the association between
TIs and these attributes. QSPR modelling shows that the best predictive TIs as: 1. Second Zagreb index in
linear regression, quadratic regression, and cubic regression models for Melting point, Polar surface area. Boiling
point. and Density. linear regression and cubic regression models for Pka value, in quadratic regression and cubic
regression models for Half-life. and finally only linear regression for molar weight. 2. Forgotten topological index
in linear regression, quadratic regression, and cubic regression models for refractive Index. in linear regression and
quadratic regression models for Heat of formation 3. Harmonic index in quadratic regression models for molar
weight., in linear regression and cubic regression models for LogP 4. Symmetric division index in linear regression
models for Half -life and cubic regression models for molar weight, and Heat of formation. 5. Redefined third
Zagreb index in quadratic regression models for LogP. In recent years, these medications have gained importance
in the treatment of cancer. The findings of this study will provide insight into novel medication discoveries,
particularly in the fields of chemistry, pharmaceutical science, and cancer treatment.

The limitions of study: There are still some constraints that need to be understood, even if the outcomes of
this study are promising. The dataset is tiny, with only five anticancer drugs, which is the biggest problem. This
makes the models less statistically powerful and less useful in other circumstances. Also, the regression models
used here only use one topological descriptor at a time, so they don’t completely show how a molecule’s properties
are often altered by a mix of structural, electronic, and physicochemical factors. We only looked at degree-based
and neighbourhood-degree-sum-based topological indices. Spatial (3D) and quantum chemical descriptors were
not included. It is tougher to tell how reliable a prediction is because there are no external validation methods
like cross-validation or test set prediction. Changes or uncertainties in property data obtained from literature
sources may introduce noise into experiments, thereby impacting the reliability of a model. So, the results should
be seen as preliminary and suggestive, not certain.

Future Research: Future research can build on what has previously been done to overcome the flaws listed
above and make QSPR modelling even better at predicting things. It would be a lot easier to validate the
statistics if more anticancer drug molecules were added to the dataset. Adding new topological, geometrical, and
quantum mechanical descriptors can improve the representation of structural variation and help us understand how
structure and property are related. Multivariate regression analysis and advanced machine learning techniques
like Support Vector Regression, Random Forest, Partial Least Squares Regression, or Neural Networks could
help us find more accurate predictions of difficult, nonlinear relationships. Also, strict validation methods like
k-fold cross-validation, external test set assessment, and Y-randomization must be used to make sure that the
models can be used in other situations. You can adapt the idea to QSAR modelling by directly linking descriptors
to biological activities, like IC50 values or molecular docking scores. This helps with rational drug design and
optimization in cancer treatment.
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