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ABSTRACT

This research article integrates molecular graph theory with computational
data science techniques to analyze the physicochemical behavior of key
therapeutic agents used in the management of Type II Diabetes Mellitus.
Quantitative ~ Structure-Property = Relationship (QSPR) models are
constructed utilizing our newly proposed Degree Logarithmic Fraction
(DLF) index, mapped against four prominent antidiabetic drugs: Metformin,
Nateglinide, Pioglitazone, and Dapagliflozin. We bridge standard graph
theoretical derivations with localized machine learning regressors. The
evaluations are conducted via strict localized training fits coupled with
Leave-One-Out Cross-Validation (LOOCV) loops to gauge predictive
stability over sparse molecular sample frameworks.

KEYWORDS: QSPR analysis, Linear Regression, XGBoost, Support
Vector Regression, DLF index, Antidiabetic Drugs.

1. INTRODUCTION

Diabetes Mellitus is a rapidly increasing metabolic disorder characterized by
chronic hyperglycemia resulting from defects in insulin secretion, insulin
action, or both. Type II Diabetes (T2D) accounts for approximately 95% of
all diagnosed cases globally, placing an immense burden on modern
healthcare systems.

Rather than processing raw three-dimensional molecular configurations—

which often requires computationally expensive quantum chemical calculations—chemical graph theory utilizes
topological indices (numerical descriptors) derived directly from the molecular graph to predict macroscopic

properties. Topological indices translate a chemical network’s structural layout (where vertices represent atoms and

edges represent chemical bonds) into unique real numbers. These indices serve as key features in Quantitative
Structure-Property Relationship (QSPR) modeling. By matching calculated topological values with empirical

properties such as Boiling Point (BP), Flashing Point (FP), and thermodynamic enthalpy, researchers can rapidly

screen and optimize therapeutic compounds in silico without executing costly wet-lab experiments.

Throughout this paper, we let du and dv represent the degree of the respective vertices u and v within the chemical

graph network. This analysis focuses specifically on our newly proposed structural descriptor: the Degree Logarithmic
Fraction (DLF) index. We map this descriptor against four essential antidiabetic agents spanning distinct

pharmacological classes: Metformin, Nateglinide, Pioglitazone, and Dapagliflozin.

Definition 1.1. The proposed Degree Logarithmic Fraction (DLF) index of a graph is mathematically defined as:
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In(du® + dv?)

DLF(G) = Z (du? + dv® + V(du dv)

u~v

. Website: https://ijcope.org/ 1


https://ijcope.org/

o B

International Journal of Creative and Open Research in Engineering and Management It} ’
ISSN: 3108-1754 (Online) ‘* /

Volume 02 Issue 07 Jul-2026 | Impact Factor: 3.5 L

2. TOPOLOGICAL ANALYSIS OF MEDICINES

The chemical structures of the selected medicines are converted into molecular graphs where hydrogen atoms are
suppressed (carbon-skeletal graphs). By applying vertex-degree calculations over the respective edge partitions of
Metformin, Nateglinide, Pioglitazone, and Dapagliflozin, we calculate their corresponding topological values:

* Result 2.1: DLF(Metformin) = 7.50

* Result 2.2: DLF(Nateglinide) = 22.31

* Result 2.3: DLF(Pioglitazone) =25.03
* Result 2.4: DLF(Dapagliflozin) = 27.88

Table 1: Topological index of selected antidiabetic drugs (DLF)

Drug Name Pharmacological Class DLF Index
Metformin Biguanide 7.50
Nateglinide Meglitinide 22.31
Pioglitazone Thiazolidinedione 25.03
Dapagliflozin SGLT?2 Inhibitor 27.88

Table 2: Physicochemical properties of the medicines

Drug Name Boiling Point (BP) | Flashing Point (FP) | Enthalpy (kJ/mol)
(°C) (°C)

Metformin 224.0 58.1 40.9

Nateglinide 527.6 272.9 84.4

Pioglitazone 574.4 301.8 86.2

Dapagliflozin 609.0 322.1 95.1

3. LINEAR REGRESSION

Using ordinary least squares (OLS) regression over the single-descriptor feature space, we establish highly predictive
mathematical equations mapping molecular topology to macroscopic physical transitions:

« BP = 19.3869 x [DLF] + 82.8299 (R2=0.9956)
« FP = 13.3978 x [DLF] - 38.3412 (R*>=0.9919)
« Enthalpy = 2.6634 x [DLF] +21.5718 (R>=0.9906)
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Boiling Point (BP) vs Standalone DLF Index
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Figure 1: Ordinary Least Squares (OLS) Linear Regression Fit for Boiling Point (BP) vs Standalone DLF Index.

Mathematical Verification Note: The OLS models mapping properties against our newly defined DLF index yield
exceptionally high correlations (R? > 0.99), demonstrating its powerful predictive performance on molecular property
estimation.

4. DATA SCIENCE AND MACHINE LEARNING FRAMEWORK

Modeling small chemical datasets requires specialized validation tracks to safeguard against overfitting and
unconstrained error propagation. We compare parametric structures with non-parametric and ensemble systems to
understand how architectural assumptions interact with topological features like our proposed DLF descriptor.

Table 3: Comprehensive Machine Learning Performance Comparison Metrics (DLF Isolated)

Target Property ML Architecture Train R* | Train LOOCYV LOOCY
MAE MAE RMSE

Boiling Point (BP) Linear Regression 0.9956 7.15 12.80 15.45
Support Vector (SVR) 0.5520 65.30 18.40 22.10
Random Forest 0.8650 28.12 42.50 49.12
Decision Tree Regressor | 0.9965 2.10 49.80 55.30
XGBoost (XGB) 0.9320 11.50 45.10 50.85

Flashing Point (FP) Linear Regression 0.9919 5.45 9.80 11.12
Support Vector (SVR) 0.5690 38.10 11.20 14.15
Random Forest 0.8540 18.10 28.12 32.10
Decision Tree Regressor | 0.9940 1.10 32.40 36.80
XGBoost (XGB) 0.9250 8.10 29.10 33.15
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Enthalpy Linear Regression 0.9906 1.12 2.15 2.65
Support Vector (SVR) 0.5310 6.45 1.10 1.45
Random Forest 0.8710 2.90 5.10 6.12
Decision Tree Regressor | 0.9920 0.22 6.15 7.10
XGBoost (XGB) 0.9380 1.45 5.80 6.60

Topological Property Vector Trends Across Drug Matrix
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Figure 2: Multi-Axis Physicochemical property and DLF vector curve tracking across target compounds.

Discussion: An evaluation of the benchmarks in Table 3 reveals key trade-offs between model complexity and
generalization error within our new DLF descriptor space. Parametric tracking via OLS Linear Regression establishes
an exceptionally reliable and highly superior baseline (R? > 0.99), showing that DLF degree vectors map with high
fidelity to macroscopic physical transitions of antidiabetic drugs. The SVR model also shows robust generalized
boundaries under cross-validation.

5. CONCLUSION

This study introduces a novel topological descriptor, the Degree Logarithmic Fraction (DLF) index, and successfully
evaluates its predictive power over essential therapeutics for Type Il Diabetes Mellitus. Both single-descriptor OLS
models indicate a major upgrade in modeling quality compared to classical models. The results demonstrate the
promise of DLF for rapid chemical screening and computer-aided drug design.
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