
BACKGROUND

Investigating Insulin Stability: Molecular Insights into Degradation 
Mechanisms and Structural Alterations for Predictive Stability 
Modelling and Therapeutic Optimization

Insulin is the essential therapy for people living with diabetes (PwD). During storage and use, insulin can be exposed to 
temperature fluctuations, reducing its efficacy. Standard analytical methods such as HPLC detect structural changes, but do not 

determine efficacy, i.e., biological activity. The impact of real-life conditions on insulin’s efficacy is currently unclear. 
We assess how temperature stress affects biological activity using functional in vitro and in vivo assays.

METHODOLOGY In-Cell Western (ICW)1 Insulin Tolerance Test (ITT)2

Blood Glucose Levels Time Course

CONCLUSION OUTLOOK

Exposure to temperatures above recommended conditions reduced insulin 
bioactivity and impaired its glucose-lowering effects in vitro and in vivo. 

Functional assays such as ICW are a preclinically useful evaluation method.

• Incorporate shear forces to mimic real-world conditions
• Glucose uptake assays as second functional readout

• Development of a predictive model

1. Garige et al. Methods Protoc. 2023, 6, 33.
2. Ayala et al. Dis. Model Mech. 2010, 3, 525.
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RESULTS

CHO cells overexpressing human insulin receptor B were 
stimulated with insulin samples. Insulin bioactivity was 

determined by quantifying insulin receptor 
autophosphorylation.

Non-diabetic mice were injected with insulin 
samples. Blood glucose levels were measured 

over 2 hours.

Insulin was stored in and 
outside recommended 

storage conditions for up to 
30 days.

4°C: Stable over 30 days.

40°C: Moderate loss of biological 
activity, maintaining (69±17)% 
receptor activation by day 30.

60°C: Severe degradation, dropping 
from about (56±35)% at day 6 to 
(10±11)% by day 30.

40°C: 20% reduced bioactivity (AUC) and 
faster glucose recovery.

60°C: Complete loss of bioactivity.

ICW Insulin Aspart

ITT Insulin Aspart

Temperatures above recommended storage conditions degrade insulin and reduce its biological activity.

Insulin degradation impairs glucose regulation, leading to faster insulin clearance and glucose recovery.
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