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ABSTRACT

Diabetes mellitus, a complex metabolic disorder, necessitates the continuous development of effective
therapeutics. In this article, we employ a Quantitative Structure-Property Relationship (QSPR) paradigm to
analyze ten prominent antidiabetic drugs. Using chemical graph theory, the molecular graphs of these drugs
were constructed, and an advanced computational framework based on the NM-polynomial was utilized to
simultaneously derive thirteen neighborhood degree sum-based topological indices (TI). These indices,
including the Neighborhood Zagreb indices, Neighborhood Harmonic index, and Neighborhood Inverse
Sum index, served as numerical descriptors to model eight crucial physicochemical properties: Boiling
Point (BP), Enthalpy of Vaporization (EV), Flash Point (FP), Molar Refractivity (MR), Polar Surface Area
(PSA), Polarizability (PO), Molar Volume (MV), and Refractive Index (IR). Linear regression models
revealed strong and statistically significant correlations (p < 0.05) between these topological indices and
the drug properties. Specifically, the Neighborhood Modified Second Zagreb index (NmM_) showed the
highest correlation with BP and MV (r = 0.920 and r = 0.945, respectively), while the Neighborhood Sum
Connectivity index (NSCI) was a superior predictor for MR and PO (r = 0.969 for both). These results
validate the predictive power of the NM-polynomial approach and underscore its efficacy as a reliable
computational tool for the design and optimization of antidiabetic drugs with desirable physicochemical
profiles. The findings of this article can pave the way for developing the next generation of diabetes
therapeutics.

VOL 57 : ISSUE 1 - 2026 PAGE NO: 32



JZU NATURAL SCIENCE ISSN : 1671-6841

KEYWORDS: NM-polynomial, QSPR, Topological indices, Antidiabetic Drugs, Physicochemical
Properties, Linear Regression.

1. Introduction

Diabetes mellitus, a chronic metabolic disorder characterized by hyperglycemia, has emerged as a
global health challenge of epidemic proportions [1]. Its management predominantly relies on
pharmacological interventions to regulate blood glucose levels and prevent long-term
complications [2]. The efficacy and physicochemical properties of these antidiabetic drugs are
intrinsically linked to their molecular structure. Consequently, predicting these properties
computationally, prior to costly and time-consuming synthetic procedures, is a paramount
objective in modern pharmaceutical research and development.

Quantitative Structure-Property Relationship (QSPR) modeling serves as a powerful in-silico tool
in this endeavor, establishing mathematical correlations between the structural features of
compounds and their biological or physicochemical activities [3, 4, 18]. Within the QSPR
paradigm, topological indices (TIs)—numerical descriptors derived from the molecular graph—
have proven invaluable [21, 22]. These indices, foundational to chemical graph theory, condense
complex structural information into single numerical values, providing profound insights into
properties such as boiling point, molar refractivity, and bioavailability without the need for
experimental assays [5, 6]. Traditional degree-based TIs have been extensively studied [7];
however, there is a growing interest in more sophisticated descriptors that capture a richer
topological landscape.

Recently, neighborhood degree sum-based topological indices have garnered significant attention
for their enhanced discriminatory power in capturing the influence of a vertex's immediate
chemical environment [8, 9]. These indices offer a more nuanced representation of molecular
connectivity compared to classical degree-based indices. The NM-polynomial, a novel generating
function, has been introduced as an efficient and versatile tool for computing a wide spectrum of
these neighborhood degree sum-based Tls simultaneously [10, 11]. This approach streamlines the
calculation process and facilitates a comprehensive topological analysis of complex molecular
structures.

While several studies have applied Tls to various chemical compounds [12, 13, 19, 20], a focused
and systematic QSPR analysis of a curated set of prominent antidiabetic drugs using this advanced
NM-polynomial framework remains largely unexplored. This research gap presents a significant
opportunity to leverage cutting-edge mathematical chemistry for drug design optimization. Recent
work has demonstrated the effectiveness of similar approaches for other drug classes, indicating
the potential of this method [14, 15].

In this article, we bridge this gap by conducting a rigorous QSPR analysis of ten fundamental
antidiabetic medications: Gliclazide, Sitagliptin, Vildagliptin, Nateglinide, Tolazamide,
Metformin, Miglitol, Empagliflozin, Tolbutamide, and Chlorpropamide. Our primary objectives
are:

1. To construct the molecular graphs of these drugs and compute their respective
NM-polynomials.
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2. To derive a suite of thirteen key neighborhood degree sum-based topological indices (e.g.,
Neighborhood Zagreb indices, Neighborhood Harmonic index, Neighborhood Inverse Sum index)
from these polynomials [10, 16, 17].

3. To establish robust linear QSPR models that correlate these topological descriptors with
critical physicochemical properties, including Boiling Point (BP), Enthalpy of Vaporization (EV),
Flash Point (FP), Molar Refractivity (MR), Polar Surface Area (PSA), Polarizability (PO), Molar
Volume (MV), and Refractive index (IR).

The findings of this investigation demonstrate a remarkably strong correlation between the
proposed indices and the target properties, validating the utility of the NM-polynomial approach.
We anticipate that the developed models will serve as reliable predictive tools, accelerating the
design and optimization of next-generation antidiabetic agents with improved efficacy and tailored
physicochemical profiles.

The remainder of this article is structured as follows: Section 2 details the materials and methods,
including the computation of NM-polynomials and topological indices. Section 3 presents the
results of the QSPR modeling and a detailed discussion of the correlations. Finally, the article
concludes with a summary of the key findings and their potential implications in Section 4.

2 MATERIAL AND METHOD

In the molecular configurations of medications, atoms are modeled as vertices, while the bonds that
connect these atoms are represented as edges. The graph H= (V, W) is defined as an unweighted, finite, and
cohesive graph, where V and W denote the collections of nodes and edges, correspondingly, within the
chemical graph. The degree of a node s in graph H is defined as the sum of the degrees of the adjacent
vertices with it, represented as nd(s). In the context of chemistry, the valence of an atom is closely related
to its connectivity within the molecular structure [11-13]. The formula for calculating the Tls is given in
Table (1). Due to its extensive applicability, the derivation of the formulas for neighborhood degree sum-
based Tl is given in various articles. For further reading, refer to references [14-20].

Table 1. Exploration of Tls and their formulation via NM-polynomial.

Tl Formula H()(v), 1](5)) h (p, ) =NM (H; p, q)
Neighborhood First Zagreb: NM; (¥, +¥)(7(P,a))|p-qus
SéNZ(:H)(ﬂ(r)“?(S)) P P
Neighborhood Second Zagreb: NM; S n(r)n(s) (¥, %) (2(P. )| poges
rsew (H)

Neighborhood Redefined Third Zagreb: S a(0)n(s)(n(r)+n(s)) (PP ) (¥, +)(7(P.))| pogr

NRezM3 AW (H)
Neighborhood Modified Second Zagreb: > 1 S (7(P.a))| pogus
NmM wdirn) 77(1)72(s)
Neighborhood Forgotten Topological: NF > (7 (r)+72(s)) (P2 +w2)(7(P.a))| pogus
rsew (H)
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Neighborhood Symmetric Division: (72 (r)+12(s)) (‘I’psq +S,¥, )(h( P, q))| o
NSDD mdviy  77(r)n(s)
Neighborhood Harmonic Index: NH > 2 28,3 (7(p,a))|ps
mdv ) 77(r)+77(s)
Neighborhood Inverse Sum Index: NISI 7(r)n(s)
’ P IGETIO) $,3%, W, (7(P.a)) 50
Neighborhood Augmented Zagreb Index: > [ 7(r)n(s) J S2QLIWLWE (71(p.9))|pa
NAZI sar\ 7(r)+7(s)—2

Neighborhood Sum Connectivity Index: 1

NSCI mdv(H) 17 (1) +77(s) sz (n(p, q))|p 1

Neighborhood Inverse Randi¢ Index: NIR 2
(h(lD ) p-as

R

1
2
p

Neighborhood Ordinary Geometric 2 /() n(s) 11
Arithmetic Index: OGA ,SéNZ(:H)(r](r)+77(S)) ZSpJTETé (n( p,q))| p=1
Neighborhood Atomic Bond Connectivity 7(r)+n(s)-2 £ .
Index: NABC 22\ 7(Dn(s) S5Q3| ¥+ J(n(P.a))fm
an(p, ah( )
‘Pp—p(l(azq)j,‘{‘q— [ ' qu j—)dt S, I—dt Jn(p.a)=n(p,p), QA(p)=pn(p).

For neighborhood degree sum-based TI: 77( )_ng( ),77( ):ng( ), (p,q):NM(H;p,q).

1

9 O\\ //0 -0 » QN

N )k = NH H

o7 g \

\H u/ HN —=NH 0
0

Gliclazide Sitagliptin Vildagliptin

H
NS d LN ‘ A
‘/\‘f‘/ \( & T4 N/Y N
O \) 0 0 K/N\ﬁ/
HO
] Tolazamide Tolbutamide

Nateglinide

HO'

Metformin Miglitol

x
]

Chlorpropamide

Fig. 1. Molecular structure of Gliclazide, Sitagliptin, Vildagliptin, Nateglinide, Tolazamide, Metformin, Miglitol,
Empagliflozin, Tolbutamide, Chlorpropamide.
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Theorem 1. Assuming that GL represents Gliclazide, the following relationship is established:
NM (GL; p,q)=2p°q° +2p*q +2p*q" +4p°q° + p°q° +3p°q” +2p°q° +3p°q® +2p°q" +2p’q” + p'q’.

Proof: Figure 2 illustrates the Gliclazide graph. Observing that, we can conclude that | V(GL) | =22 and
| W(GL) | = 24.

Fig. 2. Molecular graph of Gliclazide (GL).

In the framework of structural examination, the edge collection of Gliclazide (GL) can be categorized into
eleven distinct groups, as delineated below, according to the degrees of the vertices:

Wy ={rs eW (GL)|ns(r) =3, ns(s) =5}, W, = {rs eW (GL)| n5(r) =4, ns(s) =5},
W,, ={rs eW (GL)|nS(r) =4, n5(s) =7}, Wg ={rs eW (GL)|ns(r) =5, ns(s) =5},
Wy, ={rs eW (GL)|n5(r) =5, n5(s) =6}, W, ={rseW (GL)|ns(r) =5, n5(s) =7},
Wy, ={rs eW (GL)|n5(r) =5, n5(s) =8}, Wy, ={rs eW (GL)|ns(r) =6, ns(s) =6},
Wy, ={rseW (GL)|n&(r) =6, n5(s) =7}, W;, ={rs eW (GL)|n5(r) =7, ns(s) =7},

Wy, = {rs eW (GL)| n&(r) = 7, n5(s) =8}.

a

|\N35 =2, |VV4*5 =2, |W4*7| =2, |\N52 =4, |VV52 =1, |\N5*7| =3, |\N52 =2, |VV62 =3, |VV6*7|: 2,
|VV7*7 =2, |\N7;| =1.
By a designation of NM-polynomial
NM (H;p,q)=> m.,(H)p“g”.
asp
NM (GL; p,q) = > mp°a® + > myp*a®+ > myp'q” + > mep°a® + > mg p°a® + > me p°q’ + > mp°q’
3<5 4<5 4<7 5<5 5<6 5<7 5<8
+> Mg p®a® + > me p°a’ + > my,p’q’ + > mrp’g’.
6<6 6<7 7<7 7<8

NM (GL; p,q) =209 +2p*g® +2p*q’ +4p°q° + p°q° +3p°q’ +2p°g® +3p°q° +2p°q" +2p'q’ + p'q’.

The spatial depiction of NM-polynomials for Gliclazide is depicted in Fig. 3 below.
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Fig. 3: Scheme of NM-Polynomial for Gliclazide.

In the following proposition, we derive several Tls of Gliclazide.

Proposition 1 Let GL represent the graph of Gliclazide. The following relationships are defined:
NMI(GL) =274.

NM, (GL) = 787.
NmM, (GL) = 0.82.
ND, (GL) = 9446.
NF (GL)=1636.
ND; (GL) =50.17.
NIR(GL)=4.32.
NH (GL)=4.32.
NISI (GL) =67.1.
10. S(GL)=942.75.
11. NSCI (GL)=7.09.
12. NOGA(GL)=9.94.
13. NABC (GL)=37.32.

© © N o 0 K~ D
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Proof:

NM (GL; p,a) =4 (p,q) = 2p°q° +2p*q® +2p*q’ +4p°q° + p°q” +3p°q’ +2p°q° +3p°q°+2p°q’
+2p’q" + p'g’.

¥ n(p,q)=6p°q° +8p‘g° +8p’q’ +20p°q° +5p°q” +15p°q” +10p°q® +18p°q° +12p°q’
+14p'q" +7p"q%.

¥ (p.q)=10p°g° +10p‘g° +14p*q’ +20p°q° +6 p°q’ +21p°q” +16p°g® +18p°q° +14p°q’
+14p"q" +8p’q’.

(‘Pp +\Pq)(h( p.q))=16p°q° +18p‘q® +22p‘q’ +40p°y’ +11p°q° +36p°q” +26p°g® +36 p°q°
+26p°q" +28p’q’ +15p"q’.

¥ ¥, (1(p,q))=30p°g° +40p*g° +56 p*q’ +100p°q° +30 p°q’ +105p°q” +80p°q® +108p°q°
+84p°q” +98p'q” +56p’q°.

PEwk (n(p.q))=352p°q° +4"5"2p*g° + 47" 2p*q" +5'5*4 p°q° + 56" p°q’ +57*3p°q’
+58*2p°q® + 66*3p°q° +6k7k2 ptq’ +7%7*2 p7q7 + 7% p7q8

2
S S (h(p,a))=—p3q® +— = — il = = =
.Se(7(p.0)) T 20|oq 28pq zqu 30pq 35pq 4Opq 36|oq

2 TAT7 1 67 l 7~8
+— +—= += .
49pq 21pq 56pq

538; (n(p.0))=
2
5k8k 6k6k 6k7k 7k7k 7k8k
(2 +w2)(n(p,q))=68p°g° +82p*q® +130p“g’ +200p°q” + 61p°q° +222p°q” +178p°q®
+216p°q® +170p°q" +196p’q’ +113p’q®.
v Y, (‘Pp +V¥, )(h( P, q)) =240p°q® +360p*g® + 616 p*q’ +1000 p°g® +330p°q° +1260 p°q’
+1040p°q® +1296 p°q° +1092p°q” +1372p’q" +840pq°.

p°q’

p°q +

p°° +

4
P'a"+ o

p*a® +

p°g° +

3k5k 4k5k 4k7k 5k6k 5k7k

pg’.

p'q’+

p°q’ +

p°q° +

p°g° +

14 15

1 2 3 2 1 4 1 1
S J(a(p, :_8_9_11_10_12 1B, L .
p ((pq)) 4p+ p+1p +—p +-p +13p +7p +=p

15
15 , 40 86 u

213 164 98 56
Sp‘]\}/p\}/ ( (p q)) p +—p'+ p +10p1°+—p12+—p13+—p14+—p15.

9 12 13 14 15
6750 16000 70904 62500 268593 276176
S3 \]‘Ps \P3 6 7 + 9 + 8 + 10 + 11
rQ2d ¥ ( (p q)) 216 P 343 P 729 P 512 1000 1331

| 235298 ., 175616 .

1728 2197 "
1 2 2 3 4 6 4 2 1
s23(n(p, =S ptiZ 1y 0, 2, 13, 4, = pls
Hpa) =g P P P G e s
%S% 2\/]335\/545\/%47455@56 3'\/—557'\/]558
p q( (p'q)) 5 _35 pq +qu

2 2 7 g
—_ +— .
p q°+ NS P°q’ + p q’ 756 pq
1 1
SZQ_2 [‘P§+‘P§j (p,q))=3.24p°+3.20p" +3.09p° +6.32p° +1.55p° +4.62p* +3.05p"

+4.63p™ +3.06p™ +3.05p™ +1.51p™.
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Now we have:

NM, (GL) = (¥, +¥, ) (7(p.))| g = 274.
NM, (GL) =¥ ¥ /2( p, )| -1 =787.
NMM,, (GL) =S ,S,72(p,q)| ,_4..=0.82.

ND; (GL) =¥, ¥, (¥, +¥,)h(p
NF (GL)= (‘1'2 + W2 )1 (P,q)| .= 1636.

ND; (GL)=(S,¥, +S,%,)4(p,q)|,.qq =50.17.

7. NIR(GL)=S$ p% (7(p,0))] poqs =4.32

8. NH (GL)=25,J (n(p,q))|,q =432

9. NISI(GL)=S,I¥, ¥, (7(p,q))| pqu =671
10. S(GL)=S:Q_ J‘P3‘P2(h(p,q))‘p:q:1=942.75.

p=g=1

p=q=1

h( =9446.

‘P =0=1

o o~ w N BB

‘_' ‘QI\)H—‘

11. NSCI (GL)= SZJ( (9,9))] pogs = 7.09.
1
2

1
12. NOGA(GL) =28 JW2¥?2 (h(p,q))|,.q.=9.94.

'DNM—‘

p
L
13. NABC(GL)= [‘P§+ j (9.0))| 00 =37.32

Theorem 2. Assuming that Sl represents Sitagliptin, the following relationship is established:

NM(SE; p.a) = p’e’ +4p°a" +3p°0” +2p°¢" +2°" +20°"+ p°”+ p°0’ +5p°q° +6p°0" + 0’ + e’ + g’

Proof: Figure 4 illustrates the Sitagliptin graph. Observing that, we can conclude that |V(SI) |=
28 and | W(SI) | = 30.

Fig. 4: Molecular graph of Sitagliptin (SI).

In the framework of structural examination, the edge collection of Sitagliptin (SI) can be categorized into
twelve distinct groups, as delineated below, according to the degrees of the vertices:
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{rs eW (SI)|n5(r) =3,n5(s) =5}, W
w5 =1{rs €W (S1)|ns(r)=4,n5(s) =6}, W
5 ={rs eW (S1)|ns(r)=5n5(s) =7}, W
{rs eW (S1)|n5(r) =5,n5(s) =9}, W g
{ W
{ W
|

{rs eW (S1)|n&(r) =3,n5(s) =6},
{rs eW (S1)|n5(r) =5,n5(s) =5},
= {rs eW (S1)|n5(r) =5,n5(s) =8},
{rs eW (S1)|ns(r) =6,n5(s) =6},
{rs eW (S1)[ns(r) =6,n8(s) =9},
{rs eW (S1)|n5(r) =8,n5(s) =9},

5

:21}1\/5; :2’}N52|:1’ 5; :1-+Nets|: '

35

59

rs eW (S1)ns(r) =6,n5(s) =7},

rs eW (S1)ns(r)=7,n5(s) =8},
LWa|=4,
6 Wa|=1

67

78

6| =3, }Iv5;| =2, WSZ

46

. .
7| =1, ng

35

W
W
W
W
W,
W
W=
Wal=

=1.

By a designation of N A-polynomial

(H;p,q)=>m,,(H)p“g’.
asp

(S p,g) =D myp’a® + > my p’a’® + > My p*a® + Y mep°a® + > me p°g® + > m p°g’ + > mg p°g®

35 36 46 55 56 5<7 58
« 5.9 « 6.6 « 6.7 « 7.8 « 8.9
+Zm59p q +Zm66p q +Zm67p q +Zm78p q +Zm89p q.
5<9 6<6 6<7 78 8<9

The spatial depiction of NM-polynomials for Sitagliptin is depicted in Fig. 5 below.

Fig. 5: Scheme of NM-polynomial for Sitagliptin.

In the following proposition, we derive several Tls of Sitagliptin.
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Proposition 2. Let Sl represent the graph of Sitagliptin. The following relationships are defined:

NM, (SI)=352.
NM,(S1) =1038.
NmM, (SI) = 0.99.
NREM, (SI)=12948.
NF (1) =2180.
NSDD (1) =50.17.
NIR(SI)=5.35.

NH (S1)=5.26.

NISI (SI1)=85.61.
10. NAZI (S1)=1315.74.
11. NSCI (SI)=8.82.
12. NOGA(SI)=12.78.
13. NABC (GL)=49.78.

© ©® N g s~ e

Similarly, we calculated the topological indices were calculated for 8 other diabetes drugs, and the results
of these calculations are presented in Tables (3) and (4).

2 Topological indices and QSPR

Based on the aforementioned information, thirteen Tls were analyzed for ten diabetic drugs, with the
results presented in Tables (3) and (4). The modeling of eight physical features, including BP, EV, FP, MR,
PSA, PO, MV, and IR, was conducted for the drugs Sitagliptin, Vildagliptin, Empagliflozin, Gliclazide,
Nataglinide, Tolazamide, Bromocriptine, Metformin, Alogliptin, and Miglitol, extracted from the
ChemSpider database and presented in Table (2). Furthermore, the normality of these data was evaluated,
and the correlations among them are detailed in Table (5).

Subsequently, a linear regression model was employed to evaluate and analyze the data.

The physical characteristics of pharmaceutical agents employed in the treatment of diabetes are detailed

in Table (2).
Table 2. Physical features of diabetes drugs.

Drug name BP EV FP MR PSA PO MV IR
Sitagliptin 529.9 80.5 274.3 85.2 77 338 252.4 1.59
Vildagliptin 531.3 92.8 275.1 81.7 76 324 238.3 1.601
Empagliflozin 664.5 102.7 355.7 114.4 109 45.4 3224 1.628
Gliclazide - - - 84.4 87 335 239.2 1.624
Nateglinide 527.6 84.4 272.9 89.6 66 355 287.3 1.536
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Tolazamide 4845 79 246.8 825 90 32.7 2379 161
Chlorpropamide - - - 66.3 84 26.3 207.4 1.553
Metformin 172.5 40.9 58.1 334 89 13.2 100.8 1576
Tolbutamide - - - 70.8 84 28.1 228.3 1.532
Miglitol 453.7 82.3 284.3 48.5 104 19.2 142.1 1.598

The calculation results of section 2 are shown in Table (3),(4).

Table 3. The computed values of Tls for the pharmaceutical agents.

Drug name NM1 NM2 NRM3 NmM2 NF NSDD NH
Sitagliptin 352.00 1038.00 99 1294800 | 2180.00 | 63.98 5.26
Vildagliptin | 31000 979.00 79 1293400 | 2022.00 | 5061 422
Empaglifiozin | 388.00 1118.00 1.22 1352200 | 233000 | 68.16 6.18
Gliclazide 274.00 787.00 82 9446.00 1636.00 | 50.17 432
Nateglinide | 25200 668.00 99 7440.00 139200 | 5049 473
Tolazamide | 23200 620.00 90 6081.00 129400 | 45.96 432
Chlorpropamide | 72.00 162.00 46 1283.00 157200 | 17.40 184
Metformin 154.00 437.00 70 5474.00 948.00 20.32 5.65
Tolbutamide | 177.00 485.00 88 5318.00 102200 | 3178 377
Miglitol 176.00 469.00 82 5386.00 990.00 36.06 352

Table 4. The computed values of Tls for the pharmaceutical agents.

Drug name NISI NAZI NSCI NIR NOGA NABC
Sitagliptin 85.61 1315.74 8.82 5.35 12.48 49.78
Vildagliptin 76.03 1292.29 7.22 4.64 10.17 38.70
Empagliflozin 94.68 826.51 10.20 6.62 28.73 52.99
Gliclazide 67.10 942.75 7.09 4.32 9.94 37.32
Nateglinide 61.59 742.83 7.50 4.79 23.95 37.78
Tolazamide 56.77 761.91 6.86 4.37 21.77 34.64
Chlorpropamide 17.31 186.59 2.70 3.04 7.83 11.25
Metformin 36.62 546.30 4.38 2.75 13.59 22.08
Tolbutamide 44.78 33.53 5.77 3.83 12.28 27.55
Miglitol 42.78 576.27 5.42 3.58 16.75 26.94

3.1 Regression models

In this part, the evaluation is conducted using the Tls computed in Section 2. The linear regression
framework is presented in the following manner:

P=B+A(T) )
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Here, P denotes the features of the diabetes medication, B represents a constant, and A signifies
the regression coefficient. This analysis was performed using SPSS software, integrating eight specific
characteristics and thirteen Tls across a total of ten diabetes medications.

Utilizing equation (2), various linear regression models for Tls are presented as follows:

1. First Zagreb index [NM1(G)]

BP=172.820+1.224 [NM(G)], EV=44.098+.144 [NM1(G)], FP=84.812+.667 [NM1(G)],

MR=24.830+.213 [NM(G)], PO=9.800+.085 [NM1(G)], MV=88.513+.574 [NMy(G)].
2. Second Zagreb index [NM2(G)]

BP=206.942+.381 [NM(G)], EV=47.428+.046 [NM(G)], FP=102.394+.209 [NM2(G)],

MR=31.943+.065 [NM,(G)], PO=12.626+.026 [NM(G)], MV=108.878+.173 [NM(G)].
3. Redefined Third Zagreb index [NReMs(G)]

BP=248.724+.027 [NReM3(G)], EV=51.761+.003 [NReM;3(G)], FP=123.206+.015 [NReM3(G)],
MR=40.103+.004 [NReM3(G)], PO=15.867+.002[NReM3(G)], MV=131.414+.012[NReM3(G)].
4. Modified Second Zagreb index [NmM2(G)]

BP=-12.833+570.881 [NmM2(G)], EV=24.108+65.098 [NmM2(G)], FP=-23.585+319.388 [NmM2(G)],
MR=-15.096+105.923 [NmM2(G)], PO=-6.062+42.092 [NmM(G)], MV/=-35.718+304.934 [NmM2(G)].

5. Symmetric Division index [NSDD(G)]

BP=130.330+7.522 [NSDD(G)], EV=40.509+.856 [NSDD(G)], FP=63.698+4.054 [NSDD(G)],
MR=16.726+1.328 [NSDD(G)], PO=6.584+.528 [NSDD(G)], MV=64.940+3.619 [NSDD(G)],
6. Harmonic index [NH(G)]

BP=43.091+95.104 [NH(G)], EV=25.244+11.984 [NH(G)], FP=-34.966+62.483 [NH(G)],
MR=21.527+12.361 [NH(G)], PO=8.499+4.910 [NH(G)].

7. Inverse Sum index [NISI(G)]

BP=176.302+4.969 [NISI(G)], EV=44.514+.586 [NISI(G)], FP=87.253+2.698 [NISI(G)],
MR=24.595+.876 [NISI(G)], PO=9.707+.348 [NISI(G)], MV=87.488+2.368 [NISI(G)].

8. Sum Connectivity index [NSCI(G)]

BP=112.250+54.074 [NSCI(G)], EV=38.202+6.191 [NSCI(G)], FP=53.504+29.209 [NSCI(G)],
MR=8.597+10.170 [NSCI(G)], PO=3.352+4.042 [NSCI(G)], MV=39.735+28.180 [NSCI(G)].
9. Inverse Randi¢ index [NIR(G)]

BP=74.329+90.104 [NIR(G)], MR=-4.334+18.483 [NIR(G)], PO=-1.783+7.344 [NIR(G)],
MV=5.958+50.740 [NIR(G)].
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10. Neighborhood Ordinary Geometric Arithmetic index [NOGA(G)]

ISSN : 1671-6841

MR=40.960+2.205 [NOGA(G)], PO=16.234+.875 [NOGA(G)], MV=124.777+6.403 [NOGA(G)].

11. Atomic Bond Connectivity index [NABC(G)]

BP=152.521+9.289 [NABC(G)], EV=42.874+1.062 [NABC(G)], FP=74.294+5.045 [NABC(G)],
MR=18.311+1.692 [NABC(G)], PO=7.211+.672 [NABC(G)], MV=67.878+4.652 [NABC(G)].

Table 5. The computed values of correlation coefficients of physical features for the pharmaceutical agents.

I DE BP EV FP MR PSA PO ST MV IR
NM; 313 902 832 805 914 030 914 034 864 450
NM. 349 o8 831 793 873 032 873 016 817 476
NmM; 047 920 821 844 938 057 938 210 945 115
NRMs 301 848 819 775 809 036 809 078 751 AT4
NF 377 431 356 282 578 022 578 047 490 530
NSDD 288 898 800 794 930 062 930 104 888 415
NH 436 887 875 955 667 329 667 386 625 389
NISI 297 900 830 801 919 039 920 048 871 439
NAZI 449 688 657 614 566 247 566 116 500 543
NSCI 194 913 818 808 969 030 969 151 941 334
NIR 121 791 683 649 929 012 929 227 894 321
NOGA 224 681 608 632 674 228 673 079 686 032
NABC 280 904 808 804 938 054 938 129 904 370
Bold numbers indicate the strongest correlations.
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Fig. 6. Correlation coefficients on Physical features.
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Table 6. Calculation of statistical metrics for the linear QSPR about NM1.

ISSN : 1671-6841

Physical .
features N A b R R? SE F P Indicant
BP 10 1.224 172.820 .902 .814 71.323 21.872 .005 significant
EV 10 144 44.098 .832 .692 11.724 11.246 .020 significant
FP 10 667 84.812 805 649 59.786 9.237 029 significant
MR 10 213 24.830 914 836 9.690 40.776 000 significant
PO 10 085 9.800 914 836 3.848 40.840 000 significant
MV 10 574 88513 864 747 34.358 23.580 001 significant
Bold numbers indicate the strongest correlations.
Table 7. Calculation of statistical metrics for the linear QSPR about NMa.
Physical .
features N A b R R? SE F P Indicant
BP 10 .381 206.942 .882 778 77.970 17.485 .009 significant
EV 10 .046 47.428 .831 .690 11.766 11.130 .021 significant
FP 10 209 102.394 793 628 61.510 8.450 034 significant
MR 10 065 31.943 873 762 11.677 25.593 001 significant
PO 10 .026 12.626 .873 762 4,637 25.643 .001 significant
MV 10 173 108.878 817 .667 39.403 16.011 .004 significant
Table 8. Calculation of statistical metrics for the linear QSPR about NRzMs.
Physical .
features N A b R R? SE F P Indicant
BP 10 | 570.881 -12.833 920 847 64.616 27.739 003 significant
EV 10 65.098 24.108 821 674 12.057 10.359 024 significant
FP 10 | 319.388 -23.585 844 712 54.105 12.384 017 significant
MR 10 | 105.923 -15.096 938 879 8.311 58.313 .000 significant
PO 10 42.092 -6.062 938 879 3.303 58.307 .000 significant
MV 10 | 304.934 -35.718 946 895 22.069 68.542 .000 significant
Table 9. Calculation of statistical metrics for the linear QSPR about NmMo.
Physical .
features N A b R R? SE F P Indicant
BP 10 027 248.724 848 719 87.677 12.782 016 significant
EV 10 003 51.761 819 670 12.138 10.156 024 significant
FP 10 015 123.206 75 600 63.797 7.503 041 significant
MR 10 004 40.103 809 654 14.067 15.147 005 significant
PO 10 002 15.867 809 655 5.586 15.179 005 significant
MV 10 .012 131.414 751 .564 45.092 10.334 .012 significant
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Table 10. Calculation of statistical metrics for the linear QSPR about NF.
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Physical .
features N A b R R? SE F P Indicant
BP 10 7.522 130.330 898 807 72.616 20.923 005 significant
EV 10 856 40.509 800 640 12,679 8.891 031 significant
FP 10 4.054 63.698 794 630 61.387 8.504 033 significant
MR 10 1.328 16.726 930 864 8.818 50.904 000 significant
PO 10 528 6.584 930 864 3.506 50.853 000 significant
MV 10 3.619 64.940 888 789 31.380 29.857 001 significant

Table 11. Calculation of statistical metrics for the linear QSPR about NSDD.

Physical .
features N A b R R? SE F P Indicant
BP 10 | 95104 43.091 887 787 76.333 18.459 008 significant
EV 10 11.984 25.244 .875 .765 10.246 16.268 .010 significant
FP 10 | 62483 -34.966 955 912 29.867 52.048 001 significant
MR 10 12.361 21.527 .667 445 17.824 6.419 .035 significant
PO 10 4910 8.499 667 445 7.085 6.410 035 significant

Table 12. Calculation of statistical metrics for the linear QSPR about NH.

Physical .
features N A b R R? SE F P Indicant
BP 10 4,969 176.302 900 811 71.963 21.396 006 significant
EV 10 586 44,514 830 689 11.782 11.085 021 significant
FP 10 2698 87.253 801 642 60.372 8.962 030 significant
MR 10 876 24,595 919 845 9.409 43.741 .000 significant
PO 10 348 9.707 920 846 3.736 43.829 000 significant
MV 10 2368 87.488 871 759 33.486 25.246 001 significant

Table 13. Calculation of statistical metrics for the linear QSPR pertaining to NISI.

Physical i
features N A b R R? SE F P Indicant
BP 10 | 54074 112.250 913 834 67.421 25.072 004 significant
EV 10 6.191 38.202 818 669 12.157 10.108 025 significant
FP 10 | 20.209 53.504 808 653 50.389 9.4288 028 significant
MR 10 10.170 8.597 969 940 5.881 124.429 .000 significant
PO 10 4.042 3.352 969 940 2.336 124,555 000 significant
MV 10 | 28180 39.735 941 886 23.0105 62.406 .000 significant
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Table 14. Calculation of statistical metrics for the linear QSPR about NAZI.
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Physical .
features N A b R R? SE F P Indicant
BP 10 90.104 74.329 791 .625 101.187 8.351 .034 significant
MR 10 18.483 -4.334 929 863 8.867 50.265 000 significant
PO 10 7.344 -1.783 929 863 3.526 50.195 000 significant
MV 10 | 50.740 5.958 894 799 30.617 31.769 000 significant

Table 15. Calculation of statistical metrics for the linear QSPR about NSCI.

Physical .
features N A b R R? SE F P Indicant
MR 10 2.205 40.960 674 454 17.68 6.655 033 significant
PO 10 875 16.234 673 453 7.034 6.618 033 significant
MV 10 6.403 124.777 .686 AT71 49.668 7.112 .029 significant

Table 16. Calculation of statistical metrics for the linear QSPR about NIR.

Physical .
features N A b R R? SE F P Indicant
BP 10 9.289 152.521 .904 817 70.787 22.280 .005 significant
EV 10 1.062 42.874 .808 .653 12.444 9.419 .028 significant
FP 10 5.045 74.294 804 647 59.932 9.168 029 significant
MR 10 1,692 18.311 938 880 8.274 58.911 000 significant
PO 10 672 7.211 938 881 3.286 58.985 000 significant
MV 10 4.652 67.878 904 818 29.139 35.904 000 significant

4 CONCLUSION

This study successfully demonstrates the efficacy of the novel NM-polynomial approach in computing
neighborhood degree sum-based topological indices for QSPR analysis of anti-diabetic drugs. Our
comprehensive investigation of ten prominent anti-diabetic medications reveals strong, statistically
significant correlations between the computed topological indices and key physicochemical properties.

The exceptional predictive performance of specific indices is particularly noteworthy. The Neighborhood
Modified Second Zagreb index (NmM,) emerged as an outstanding descriptor for Boiling Point and Molar
Volume (r = 0.920 and r = 0.945, respectively), while the Neighborhood Sum Connectivity index (NSCI)
demonstrated remarkable predictive power for Molar Refractivity and Polarizability (r = 0.969 for both).
Additionally, the Neighborhood Harmonic index (NH) showed strong correlation with Flash Point
(r = 0.955).

The developed linear regression models, characterized by high correlation coefficients (r > 0.8 in most
cases), significant p-values (p < 0.05), and substantial R2 values, validate the reliability of our approach.
The NM-polynomial method proved to be an efficient computational framework for simultaneous
derivation of multiple topological indices, offering significant advantages over traditional calculation
methods.

VOL 57 : ISSUE 1 - 2026 PAGE NO: 48



JZU NATURAL SCIENCE ISSN : 1671-6841

These findings have substantial implications for pharmaceutical research, providing a robust computational
tool for predicting physicochemical properties of potential anti-diabetic compounds prior to synthesis. This
approach can significantly accelerate drug discovery processes and reduce development costs.

Future research directions include extending this methodology to larger datasets of drug molecules,
exploring non-linear machine learning models for enhanced predictive accuracy, and investigating 3D
topological descriptors to provide more comprehensive structure-property relationship insights.
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