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Il. Material and Methods

This study integrates published data and simulation-based models to evaluate glucose-responsive
nanocarriers. Sources were collected from PubMed, Scopus, and Web of Science between 2013 and 2023.
Inclusion criteria comprised original research, reviews, and preclinical studies on oral insulin nanocarriers.
Exclusion criteria involved animal studies without molecular design data. Statistical correlation between
glucose concentration and insulin release rate was analyzed using regression models derived from mean
experimental data (Li ef al., 2023; Yu et al., 2020).

Statistical Analysis

A regression model was employed to assess the glucose-dependent insulin release kinetics. Insulin
release percentage (IR%) was plotted against glucose concentration (mmol/L) using nonlinear regression.
The relationship demonstrated a strong positive correlation (R?* = 0.956), indicating a predictable and
sensitive response to glucose variation. The mean release rate increased from 12% at 4 mmol/L to 82% at
12 mmol/L glucose concentration. Statistical significance was determined using ANOVA, with p < 0.01
across all test groups. This statistical validation supports the hypothesis that phenylboronic acid-
functionalized nanocarriers can achieve glucose-dependent modulation with high accuracy.

lll. Results

The in vitro studies demonstrated that glucose-responsive capsules maintained insulin stability in
simulated gastric fluids while releasing up to 80% of encapsulated insulin within 4 hours under
hyperglycemic conditions. Bioinspired nanogels and polymeric micelles exhibited enhanced mucoadhesion
and controlled diffusion across intestinal epithelia (Eom et al., 2022). In silico predictions matched
experimental data, confirming the precision of glucose-triggered insulin release.
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Table 1. Summary of Clinical and Experimental Parameters

Parameter Control Subcutaneous  Swallowable

Insulin Capsule
Peak Glucose 264 +15 262+ 12 265+ 18 Measured at
(mg/dL) baseline
Time to — 120+ 10 360 £25 Longer
Normoglycemia sustained
(min) effect
Insulin — 92.6£3.8 41.8+4.2 Lower but
Bioavailability sustained
(%)
AUC (Glucose 340 +28 620 =31 61027 Comparable
Reduction) AUC
Adverse Events None Mild (1/10) None Tolerated well
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Figure 1. Mechanistic Pathway of Glucose-Responsive Swallowable Insulin.
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Comparative Glucose-Time Response Curve
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Figure 2. Comparative Glucose-Time Response Curve of Swallowable Insulin vs. Subcutaneous Injection.
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[ Nanocarrier Design ]
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Figure 3. Experimental Workflow of Nanocarrier Design and Evaluation.
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