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1 Introduction

Peripheral neuropathy, a complex and often debilitating condition affecting the peripheral nervous
system, has been a subject of intrigue and investigation throughout the annals of medical history. It is
a condition characterized by damage to the peripheral nerves, leading to a range of symptoms such as
pain, numbness, tingling, and weakness in the affected areas. The causes of peripheral neuropathy are
diverse and can be classified into several categories: (1) Diabetes Mellitus, (2) Trauma or Injury (3)
Toxic Substances, (4) Infections, (5) Metabolic disorders (6) Alcohol Abuse (7) Genetic disorders.
Over the centuries, the understanding of this condition has evolved from mystical explanations to a
more nuanced appreciation of its physiological underpinnings.

The term QSPR stands for Quantitative Structure-Property Relationship. It is a branch of
cheminformatics and computational chemistry that involves the development of mathematical models
to predict the physical, chemical, or biological properties of molecules based on their chemical
structure. QSPR models aim to establish a quantitative relationship between the molecular structure of
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compounds and specific properties of interest. The basic idea behind QSPR is that certain molecular
features or descriptors can be correlated with the observed properties of molecules. These descriptors
can include various aspects of molecular structure, such as size, shape, electronic distribution, and
connectivity. By analysing a set of molecules with known properties, researchers can use statistical
techniques to derive mathematical equations or models that relate the molecular descriptors to the
properties in question.

QSPR models find applications in several fields, including drug design, environmental chemistry,
material science, and toxicology. In drug design, for example, QSPR models can be used to predict the
biological activity, solubility, or toxicity of new drug candidates based on their chemical structures.
This can be valuable in the early stages of drug development to prioritize compounds for further testing.
It's important to note that QSPR models are empirical and rely on the availability of accurate and
diverse experimental data for training. The quality and reliability of the predictions depend on the
representativeness and completeness of the training dataset, and caution should be exercised when
extrapolating predictions to new, untested compounds.

A topological index [9] is a numerical value or set of values derived from the molecular structure of a
chemical compound. It encapsulates information about the connectivity of atoms within the molecule
but does not consider the spatial arrangement of atoms. Some of the well-known topological indices
are Wiener Index [8,22], Sum Connectivity Index, Randi¢ Index [20], Geometric Arithmetic [5,10]
Index, Zagreb Indices [1,16]. The molecular descriptors [2,18] are numerical or categorical
representations of various aspects of a molecule's structure, composition, or properties. These
descriptors are crucial in the field of cheminformatics [3,4,7,12] and computational chemistry, as they
serve as the basis for quantitative structure-activity [17] or structure-property relationship models
[6,21]. The well-known drugs used for the treatment of the peripheral neuropathy are Gabapentin,
duloxetine, Pregabalin, Carbamazepine, Capsaicin and Phenytoin. In this article, we compare the
physicochemical properties of these drug components with topological descriptors and find the
correlation among of the physiochemical properties of the chemical components with the topological
indices.

(a) Capsaicin (b) Carbamazepine {c) Phenytoin
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(d) Duloxetine (e) Gabapentin

Figure 1: Drugs used in the treatment of Peripheral Neuropathy
2 Terminology

Given a graph G = (V;, E¢), the neighbourhood of a vertex x is a subset of vertices N (x) such that
every element of N;(x) is adjacent to x in G and the degree of a vertex p(x) is the number of vertices
in the neighbourhood of x, that is [N; (x)|. In this article, we compare the theoretical properties of the
chemicals with the following topological indices:

Definition 1: The First-Zagreb index [1] is defined as

L@ = )  pl)+p®)
xy € E(G)

Definition 2: The Second-Zagreb index [1,19] is defined as

L@ = ) p@.pG)
xy € E(G)

Definition 3: The Harmonic index is defined as

1

n:(6) = 2+ 0

xy € E(G)

Definition 4: The Hyper-Zagreb index is defined as

T@= ) (o) +p)
xy € E(G)

Definition 5: The forgotten index [14] is defined as

L@ = Y pG)+pG)
xy € E(G)

Definition 6: The ABC index is defined as

_ p(x) +p(y) —2
ZOREDY j 0P
xy € E(G)
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Definition 7: The Randic index [20] is defined as

1
TAG) = z ,/p(x)-p(y)
xy € E(G)

Definition 8: The Sum-connectivity index is defined as

1
Ts(G) = —
s xy;@ Jp(x) +p()

Definition 9: The Sombor index [11] is defined as

L@ = )  pe+pG)
xy € E(G)

Definition 10: The Modified Sombor index [23, 24] is defined as

1

T;p(G) =

wSEe VPO +p(»)?

Definition 11: The Reduced Sombor index [13, 15] is defined as

T@= > e =D+ em-1)

xy € E(G)

3 Methodology

The theoretical properties of the proposed chemicals are compared with the computed topological
indices (Definition 1 to 11) and the correlation coefficients are found. The scatter diagrams are drawn
and the Regression lines are plotted. Using the regression equations, the theoretical values are
computed and compared. For this purpose, the comparison is done on the (a) Density, (b) Boiling point,
(c) Vapour pressure, (d) Enthalpy of vaporization, (e) Flash point, (f) Index of refraction, (g) Molar
refractivity, (h) Polarizability, (i) Surface tension, (j) Molar volume of the proposed drugs. These data

are extracted from chemspider and is given below:

Name of the Boiling Vapour Enthalpy of Flash

drug Density | Point Pressure Vaporization Point
Gabapentin 1.1 314.4 1.4 61.1 144
Pregabalin 1 274 1.2 56.4 119.5
Duloxetine 1.2 466.2 1.2 72.8 235.7
Carbamazepine 1.3 411 1 66.3 202.4
Capsaicin 1 469.7 1.2 77.1 237.9
Phenytoin 13 464 1.2 76.4 305.8
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Name of the Index of Molar Surface Molar
drug Refraction Refractivity Polarizability | Tension Volume
Gabapentin 1.489 46.7 18.5 47.1 161.8
Pregabalin 1.465 44.1 17.5 37.9 159.6
Duloxetine 1.628 91.1 36.1 46.1 256.8
Carbamazepine 1.67 69.7 27.6 57.3 186.6
Capsaicin 1.508 88.5 35.1 35 297
Phenytoin 1.652 724 28.7 53.3 187.9
Table 1: Theoretical values of the drugs
4 Results
Theorem :

If G is the molecular graph of Gabapentin, then the topological indices are respectively,
()T,(G) =56 (i) T,(G) = 62 (i) T;(G) = 2.69 (iv) T,(G) = 274
(W) Ts(G) = 150 Wi) Ts(G) =87 (vii) T,(G) = 25.77  (wiii) Tg(G) = 5.66

(ix) Ty(G) = 41.37  (x) T;p(G) = 3.67 (xi) T;;(G) = 25.54

Proof:

From the molecular graph of Gabapentin, we have the following edge-partition:

E ;=1E;3=2Ey,=4E,;;=1E,,=4 Thus,

(i) Consider,

L@ = ) p@+p®)
xy € E(G)

= Z p(x) +p(y) + Z p(x) +p(y) + Z p(x) +py)

Xy €Ej 2 Xy €E;3 Xy €E;;

+ Z p(x) +p(y) + z p(x) +p)

Xy €E3 Xy €Ez4
= E 3+ E 4+ E 4+ E 5+ E 6
L el L elys L ellsz OO elys L el y

= |Ej| X 34 |Eps| X 44 |Esp| X 4+ |Ess| x5+ |Esy| x 6
=(UX3N+UXD+UXD+UX5)+(4Xx06)
=3+8+16+5+24
=56
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(ii) Consider,

L@ = ) p@®.pG)

xy € E(G)
= Z p(x).p(y) + Z p(x).p(y) + Z p(x).p(y)
Xy €E; xy €E;3 Xy €Ez»
+ Z p(x).p(y) + Z p(x).p(y)
Xy €Ej; XYy €Ejq

=Zz+23+24+26+z8

ety OO elys LU el OO elys L Eel,y
= |E1,2| X 2 + |E1,3| X 3 + |E2,2| X4+ |E2,3| X 6+ |E2,4| X8
=(UX2D)+UXD+UXDHD+UXx6)+(4%x8)

=62
(iii) Consider,
7,(6) !
3 = VN T N
i PE TP
)i )i 1
= ) m+(ﬁ'z m+<f’z @ +p0)
xy EE]]Z p p y Xy EE]‘3 p p y xy EEZ,Z p p y
+ Z T z !
o, PO & p()+ o)
_ Z 1+ Z 1+ ]+ z ]+ Z 1
a 2 . 3 4 6 8
L el L el s L el OO elys L€l
Byl X5+ |y o] X2 |Ba] X = || X = 4 || X
= X = X = X — X = X =
1,2 2 1,3 3 2,2 4 2,3 6 2,4 8
= 2.69

(iv) Consider,

T@= ) (o) +p»)

xy € E(G)
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= z (p() +p()) + z (p() +p()) + 2 (p(0) + p())’

xy EE])Q xy EE1'3 Xy EEZ’Q
2 2
Y (e + Y () +p())
Xy €E3 Xy €Er 4
= Z 3%+ Z £+ Z £+ Z 5%+ Z 6
OOely, DOelys OO el OO elys DO elyy

= |E1'2| X 9+ |E1’3| X ]6+ |E2‘2| X 16+ |E2’3| X 25+ |E2,4| X 36
=274

(v) Consider,

L@ = Y e +pG)
xy € E(G)

= D @G+ Y peHpOYH Y p() +pG)’

Xy €E; Xy €E; 3 Xy €E>

) p e+ Y p() +p(Y

Xy €Ej3 Xy €E> 4
D LD 2D Y T Y R S
L ety oo elys L el LT ellys L el y

= |E1’2| X 5+ |E1'3| X 10+ |E2’2| X 8+ |E2'3| X ]3 + |E2'4| X 20
= 150

(vi) Consider,

_ p(x)+p(y)—2
Té(G)‘xyEZE(G) j ON)
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_ z p(X)+p(y)—2+ z p(x)+p(y)—2
p(x).p(y) p(x).p(y)

Xy €Ep; Xy €E; 3
p(x)+ply)—2 p(x)+p(y) -2
+xy;22 j p(x).p(y) +xy;23 \/ p(x).p(y)
p(x)+ply) -2
:y;ﬂ j p()-p()

= 8.7

1
o= xy;@ 170
1 1 1
iy;u «/P<x)-f’<y>+xy;,3 p<x>.p<y)+xy;” PP
1
+

1
Z p(x).p(y) " Z p(x).p(y)

Xy €E3 Xy €E> 4

1
T(G) = -
! xy;@ ﬂlp(x)+p(y)
1

1 1
=xy;” ,fp(x)+p(y)+xy;” ,/p(x)+p(y)+xy;” P+ p)
1 1
" Z 1/p(?c)+p(y)+ z p(x)+p(y)
xy €E;3 Xy €E5 4

= 5.66

(vii) Consider,

(viii) Consider,

(ix) Consider,

L@ = ) V@ +p0)
xy € E(G)
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= D @0+ ) @0V + Y. G+ pG)

Xy €E; > Xy €E; 3 Xy €Ej >

+ Z Vp(x)? + p(y)? + Z Vp(x)? + p(y)?

Xy €E3 Xy €Er 4
= > 5+ ) NI+ Y B+ ) VB+ Y N
OOely, OOelys DO ez OO elys DO elyy
=41.37
(ix) Consider,
1
T;9(G) =

wiEe VP +p()?

i i I
- + +
Z VP2 + p(y)? Z VP2 + p(y)? z VP2 + p(y)?

Xy €Ej Xy €Ej3 Xy €E;

) — ]
VP2 + p(y)? VP2 + p(y)?

Xy €E213 Xy EE2_4
_ Z 1 4 z 1 N z 1 N Z 1 N z 1
L elly» \/3 L ellys m LT el \/g UL ellys m UL el g m

= 3.67

(xi) Consider,

L@= )  Je@-D+em-17

xy € E(G)

= > Ne@-DFem-1+ Y @ - D+ e -1

xy €Ej XY €E;3

+ D Ve@-DFe0 -0+ ) o@D+ o) -1

Xy €Ey; Xy €Ej;

+ Y Je@- 17+ 00 - D)

Xy €Ezq
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=z 1+22+Z\/§+2\/3+Z\/1_0

U ety OO elys el Ooelys O elyy
= 25.54

Similarly, the topological indices of the other Drugs are calculated and listed below:

Nameofthedrug | T, | T, | T; | T, | Ts T4 T, T Ty T T,
Gabapentin 98 | 105 | 5.05 | 446 | 236 | 15.95 | 46.31 | 10.51 | 71.38 | 6.92 | 41.85
Pregabalin 96 | 115 | 4.28 | 474 | 244 | 14.16 | 43.66 | 9.22 | 68.97 | 5.95 | 41.46
Duloxetine 102 | 124 | 4.49 | 518 | 270 | 14.88 | 46.04 | 9.67 | 73.66 | 6.23 | 44.95
Carbamazepine 106 | 123 | 5.13 | 502 | 256 | 16.14 | 49.21 | 10.83 | 75.7 | 7.19 | 43.75
Capsaicin 56 | 62 |2.69 | 274|150 8.7 2577 | 5.66 |41.37| 3.67 | 2554
Phenytoin 44 | 441233198 |110| 7.51|2091 | 4.81|32.91|3.099 | 20.18
Table 2: Computed topological indices of drugs
Topological indices of Gabapentin Topological indices of Phenytoin

0 2 4 6 8 10 0 2 4 6 8 10
Index Index

Figure 2 : Graphical representation of Topological Indices

The scatter diagram of the computed values is shown below:

Gabapentin
Pregabalin
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n
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-
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Figure 3: Scatter Plot of Computed Topological Indices

The computed topological indices are plotted and compared in the following diagram:
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—— Gabapentin
Pregabalin
—— Duloxetine
—— Carbamazepine
—— Capsaicin
—— Phenytoin

Values

Index

Figure 4: Comparison of Computed Topological Indices
5 Regression Analysis

In this section, the computed topological values are statistically analysed. We found the mean, median
and standard deviation and the values are listed in Table 5. Then, we compare each property with the
topological indices calculated and find the regression lines for the properties, for example boiling point,
flash point, etc., Then, the relation between the computed values and theoretical values are found in
terms of the regression equations and we plotted the regression lines.

Name of the drug | Mean | Median | Standard Deviation
Capsaicin 98.45 | 46.31 127.22
Pregabalin 101.52 | 43.66 135.51
Duloxetine 110.35 | 46.04 148.63
Carbamazepine 108.63 | 49.21 49.21
Gabapentin 59.58 | 25.77 25.77
Phenytoin 4434 | 20.91 20.91

Table 5: Mean, Median, Mode of the topological indices
The Regression equations of T;:

y = —118T, + 488.77, y = —0.22T, + 86.76, y = —1.79T, + 357.59,
y = —0.25T; + 89.61, y = —0.10T, + 3555, y = 0.05T; + 41.74,

y = —0.7IT, + 26769, y = —0.00T, + 1.59, y = —0.25T, + 89.61
y = —0.10T, + 35.55,

—— y=-1.18T_1 + 488.77
200 4 — y=-022T_2 + 86.76 250 4
—— y=-1.79T_3 + 357.59

—— y=0.05T_6 +41.74
—— y=-0.71T_7 + 267.69
—— y=-0.00T_8 + 1.59
—— y=-0.25T_9 + 89.61
y =-0.10T_10 + 35.55

y =-0.25T_4 + 89.61 200 4
—— y=-0.10T_5 + 35.55

> 7 \ -

—200 -

T T T T T T —100 +

T T T T
0 100 200 300 400 500 o 100 200 300 400 500
x

x

Figure 5: Comparison of Boiling Point of various topological indices
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Regression equations of T):
y =-0.82x + 468.06,
y =-0.15x + 83.15,
y =-0.43x + 249.79,
y =-0.06x + 32.98,

y =-0.16x + 83.78,
y =-0.06x + 32.98,
y =-0.00x + 1.58,

Regression equations of T;:

y =-28.03x +502.07,  y=-5.00x + 88.32,
y =-6.94x + 96.48, y =-2.76x + 38.28,
y =-20.18x + 288.90, y =-0.00x + 1.58,
y =-2.76x + 38.28,

Regression equations of T,:

y =-0.21x + 474.17, y =-0.04x + 84.83,
y =-0.04x + 83.86, y =-0.01x + 33.27,
y =-0.10x + 250.44, y =-0.00x + 1.58,
y =-0.01x + 33.27
Regression equations of Ts:
y =-0.43x + 480.24,

y =-0.07x + 84.49,

y =-0.20x + 250.55,

y =-0.03x + 33.52

y = -0.03x + 33.52,
y = -0.00x + 1.59,

Regression equations of Tj:
y = -8.96x + 505.55,

y =-2.13x + 96.25,

y =-6.11x + 287.06,

y = -0.85x + 38.19
Regression equations of T:
y =-2.68x + 493.73,

y = -0.60x + 91.84,

y =-1.71x + 274.50,

y = -0.24x + 36.44,

https://internationalpubls.com

y =-0.08x + 85.84,

y = -1.60x + 88.96,
y = -0.85x + 38.19,
y = -0.00x + 1.59,

y =-0.49x + 87.38,
y =-0.24x + 36.44,
y =-0.00x + 1.59,

y =-1.33x + 334.64,
y =0.03x +43.51,

y =-0.15x + 83.15,

y =-39.88x + 366.87,
y =1.93x + 38.39,
y =-6.94x + 96.48,

y =-0.34x + 345.13,

y =0.01x + 43.73,
y =-0.04x + 83.86,

y =-0.70x + 355.65,
y =0.01x + 44.04,
y =-0.07x + 84.49,

y =-12.82x + 372.75,
y =0.51x + 39.53,
y =-2.13x + 96.25,

y =-3.98x + 361.42,
y =0.14x + 40.82,
y =-0.60x + 91.84,

69



Advances in Nonlinear Variational Inequalities
ISSN: 1092-910X

Vol 28 No. 3s (2025)
Regression equations of T:
y =-13.02x + 500.15,

y =-3.13x + 95.17,

y =-9.05x + 284.79,

y =-1.24x + 37.76,

y =-2.34x + 88.13,
y =-1.24x + 37.76,
y =-0.00x + 1.59,

Regression equations of Ty:
y =-1.70x + 493.24,

y =-0.36x + 90.55,

y = -1.01x + 269.75,

y =-0.14x + 35.93,

y =-0.31x + 87.46,
y =-0.14x + 35.93,
y =-0.00x + 1.59,

Regression equations of T;:
y = -19.33x + 496.60,
y=-4.71x +94.72,

y = -13.76x + 284.10,

y =-1.88x + 37.58

y = -3.48x + 87.52,
y = -1.88x + 37.58,
y = -0.00x + 1.58,

Regression equations of T;;:
y =-2.88x + 494.54,

y =-0.57x + 89.39,

y =-1.56x + 264.78,

y =-0.23x + 35.47

y = -0.54x + 87.84,
y = -0.23x + 35.47,
y = -0.00x + 1.59,

6 Conclusion

In this article, the topological indices of the molecular graphs of the drugs used in the treatment of
peripheral neuropathy are computed. The scatter diagram of these values is plotted. The theoretical
values are compared with these topological indices and the regression equations are found. The relation
between the properties of chemicals in terms of topological indices are given in as equations. These
equations contain vital information about the structural relationship and the numerical invariants and

y = -18.74x + 365.92,
y = 0.82x + 39.17,
y =-3.13x + 95.17,

y =-2.58x + 363.90,
y =0.07x + 41.70,
y =-0.36x + 90.55,

y =-27.81x + 360.80,
y =1.34x + 38.75,
y=-4.71x +94.72,

y = -4.46x + 369.37,
y =0.09x + 42.89,
y =-0.57x + 89.39,

the properties in terms of a numerical values and may be used for drug design.

References

[1] Baig, A.Q.; Naeem, M.; Gao, W.; Liu, J. B. General fifth M-Zagreb indices and fifth M-Zagreb polynomials of

carbon graphite. Eurasian chemical communications 2020, 2,634—640.

[2] Bruckler, F. M.; Doslic, T. ; Graovac, A.; Gutman, I. On a class of distance-based molecular structure descriptors.

Chemical Physics Letters 2011, 503, 336—338.

[3] Chu, Y. M.; Imran, M.; Baig, A.Q. ; Akhter, S.; Siddiqui, M.K. On M-polynomial based topological descriptors of

chemical crystal structures and their applications. Eur. Phys. J. Plus 2020, 135,874.

https://internationalpubls.com



Advances in Nonlinear Variational Inequalities
ISSN: 1092-910X
Vol 28 No. 3s (2025)

[4]

https://internationalpubls.com

Das, S.; Rai, S. M-polynomial and related degree-based topological indices of the third type of hex-derived network.
Nanosystems : Physics, Chemistry, Mathematics; St. Petersburg 2020,11, 267-274.

Das, K. C.; Trinajstic, N. Comparison between first geometric arithmetic index and atombond connectivity index.
Chem. Phys. Lett. 2010, 497, 149-151.

H. Deng, Z. Tang, R. Wu, Molecular trees with extremal values of Sombor indices, Int. J. Quantum Chem. 121
(2021) #e26622.

E. Deutsch, S. Klavar, M-Polynomial and degree-based topological indices. Iranian Journal of Mathematical
Chemistry 2015, 6, 93-102.

M.V. Diudea, M. Stefu, B. Parv, P. E. John, Wiener index of armchair polyhex nanotubes. Croat. Chem. Acad.
2004,77,111-115.

B. K. Divyashree, R. Jagadeesh, Siddabasappa Topological Indices of Some Classes of Thorn Complete and Wheel
Graphs. Letters in Applied Nano Bio Science 2022, 11, https://doi.org/10.33263/LIANBS111.33053321.

G. Fath-Tabar, B. Furtula, Gutman, I. A new geometric—arithmetic index. J. Math. Chem. 2010, 47, 477.

I. Gutman, Sombor index — one year later, Bull. Acad. Serb. Sci. Arts 153 (2020) 43-55.

I. Gutman, Geometric approach to degree-based topological indices: Sombor indices, MATCH Commun. Math.
Comput. Chem. 86 (2021) 11-16.

Fangxia Wang, Baoyindureng Wu, The Proof of a Conjecture on the Reduced Sombor Index, MATCH Commun.
Math. Comput. Chem. 88 (2022) 583-591.

0.C. Havare, A.K. Havare, Computation of the Forgotten Topological Index and Co-Index for Carbon Base
Nanomaterial. Polycyclic Aromatic Compounds 2020, https://doi.org/10.1080/10406638.2020.1866621.

Hechao Liu, Lihua You, Zikai Tang, Jia—Bao Liu, On the Reduced Sombor Index and Its Applications, MATCH
Commun. Math. Comput. Chem. 86 (2021) 729-753.

K. Mitra, S.D. D’Silva, Sooryanarayana B.; Zagreb Alliance Indices. Advances in Mathematics: Scientific Journal
2021, 10, 1273-1284.

V. Padmakar, Khadikar, S. Karmarkar, K. Vijay, A. Agrawal. A Novel Pl Index and Its Applications to
QSPR/QSAR Studies. J. Chem. Inf. Comput. Sci. 2001, 41,934-949.

P. Poojary, A. Raghavendra, B.G. Shenoy, M.R. Farahani,B. Sooryanarayana, Certain topological indices and
polynomials for the Isaac graphs. Journal of Discrete Mathematical Sciences and Cryptography 2021, 24, 511-525.
H.S. Ramane,S.Y. Talwar |. Gutman, Zagreb indices and coindices of total graph, semi-total point graph and semi-
total line graph of subdivision graphs.Mathematics Interdisciplinary Research 2020,5, 1-12.

] M. Randic, Characterization of molecular branching. Journal of American Chemical Society 1975, 97, 6609-6615.
] 1. Redzepovi’'c, Chemical applicability of Sombor indices, J. Serb. Chem. Soc. 86 (2021) 445-457.
] M. Stefu, M.V. Diudea, Wiener index of C4C8 nanotubes. MATCH Commun. Math Comput. Chem. 2004, 50, 133~

144,

H. Shoostari, S.M. Sheikholeslami, J. Amjadi, Modified Sombor index of unicyclic graphs with a given diameter,
Asian-European Journal of Mathematics, 16(06) (2023) 2350098.

Yufei Huang, Hechao Liu, Bounds of modified Sombor index, spectral radius and energy, AIMS Mathematics,
6(10), (2021) 11263-11274.

71



