Thermostable Drug
Formulations for Space

Exploring the science of keeping medications stable in the extreme

conditions of space exploration




Course Overview

Grade Level Duration Subject Areas

Grades 9-12 2 class periods (90 minutes) Chemistry, Pharmaceutical Science,
Materials Science



Learning Objectives

Understand drug stability and degradation pathways
Analyze unique storage challenges in space environments
Explore formulation strategies for thermostability
Evaluate NASA requirements for space pharmaceuticals

Design stable drug formulations



Why Drug Stability Matters
In Space



Physical Stability Challenges

Temperature Extremes Humidity Variations

Spacecraft can range from -150°C to +120°C, creating Fluctuating moisture levels can trigger degradation
severe stress on drug molecules reactions

Radiation Exposure Mechanical Stress

Cosmic rays and solar particles damage molecular Launch vibrations can affect drug integrity and

structures packaging



Chemical Degradation Pathways

Common Reactions

e Hydrolysis - breakdown by water
e Oxidation - reaction with oxygen
e Photodegradation - damage from light

e Deamidation - protein-specific degradation




Space-Specific Challenge #1

Radiation Damage

Cosmic Rays

o High-energy particles from outside our solar system penetrate spacecraft walls
A Solar Particle Events
it Sudden bursts of radiation from solar flares
® Effects on Drug Molecules
2

Direct damage to chemical bonds and molecular structures



Space-Specific Challenge #2
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Mars Surface
Temperature Variations

Daily swings from -73°C to
' 20°C challenge drug stability




Space-Specific Challenge #3

Long Storage Times

3 0

Years Resupply

Mars mission requirement for Limited options for emergency
medication shelf life medication delivery

5+

Years

Shelf-life extension needs for deep
space missions



Space-Specific Challenge #4

Packaging Constraints

Critical Limitations

e Weight and volume restrictions
e Shielding requirements for radiation
e Stability monitoring systems

e Compact, efficient designs




Formulation
Strategies

Innovative approaches to protect medications in extreme environments




Stabilization Techniques
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Lyophilization

Freeze-drying removes water to
prevent hydrolysis and microbial
growth, creating stable powder

forms
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Sugar Glass Matrices

Trehalose and sucrose form
protective glass-like structures
around drug molecules

Liposomal Encapsulation

Lipid vesicles shield drugs from
environmental stressors and
control release



Advanced Formulation Methods

Polymer-Based Delivery Systems Crystalline vs. Amorphous Forms

Biodegradable polymers provide sustained release and Selecting optimal solid-state forms impacts stability and
protection from degradation dissolution properties



NASA Research Initiatives

01 02

Pharmaceutical Stability ISS Experiments Radiation Testing of Medications

Testing medications in microgravity and radiation Exposing drugs to cosmic ray simulations and analyzing
environments degradation

03 04

Long-Term Storage Studies Novel Formulation Development

Monitoring shelf life under accelerated aging conditions Creating next-generation space-grade pharmaceuticals



Real-World Applications

NASA's pharmaceutical research on the ISS provides critical data for

future deep space missions and benefits Earth-based medicine




Student Activities



Activity 1: Stability Testing Design

Challenge

Design an experiment to test drug stability under simulated space
conditions

Consider:

e Temperature cycling protocols
e Radiation exposure simulation
e Humidity control methods

e Analytical testing techniques

e Data collection and analysis




.

Activity 2: Formulation Development

Mission Brief

Propose formulation strategies for a specific antibody therapeutic for Mars missions

¢ |dentify stability challenges specific to antibodies ¢ Select appropriate stabilization techniques

¢ Design packaging and storage protocols ¢ Justify your formulation choices with scientific
evidence



Lab Component
Protein Stability Demonstration
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O Analyze Data
D P in Stabili Test Protective Effects Collect measurements and draw
emonstrate Protein Stability Evaluate sugars and other stabilizers conclusions about stabilization

Use egg albumin under various for their protective properties strategies

conditions to model drug behavior



Lab Setup and Safety

Materials Needed Safety Considerations

e Eggalbumin samples e \Wear appropriate PPE

e Trehalose and sucrose solutions e Handle hot equipment carefully

e Temperature-controlled water baths e Dispose of biological materials properly
e Spectrophotometer e Follow laboratory protocols

e Safety equipment



Expected Lab Results

Students will observe how protective agents like sugars prevent protein
denaturation under stress conditions, demonstrating principles
applicable to space pharmaceutical formulations
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Assessment Overview

\

30%

Lab Report

Detailed analysis of experimental results

-

20%

Stability Testing Design

Experimental protocol development

\

30%

Formulation Proposal

Comprehensive design for Mars mission therapeutic

\

20%

Quiz

Knowledge assessment of key concepts



Lab Report Requirements

1 Introduction
Background on protein stability and space pharmaceutical challenges
9 Methods
Detailed experimental procedures and materials used
- Results
Data presentation with tables, graphs, and observations
4 Discussion
Analysis of findings and connection to space applications
- Conclusion

Summary of key insights and recommendations



Formulation Proposal Criteria

Technical Requirements

e |dentify antibody stability challenges

e Propose specific formulation strategies
e Design packaging solutions

e Address radiation protection

e Include stability testing protocols




Quiz Topics

Drug Degradation Pathways

Hydrolysis, oxidation, photodegradation, and deamidation
mechanisms

Space Environment Challenges

Radiation, temperature cycling, storage times, and

packaging constraints

Stabilization Techniques

Lyophilization, sugar matrices, liposomes, and polymer
systems

NASA Research

ISS experiments, radiation testing, and formulation

development



Educational Resources

NASA Pharmaceutical
Stability Research

Access official NASA
publications and experiment

databases

Pharmaceutical
Formulation Textbooks

Comprehensive guides to
drug development and
stability

ISS Experiment
Databases

Real-world data from space-
based pharmaceutical

studies

Scientific Papers on
Thermostable Vaccines

Peer-reviewed research on
stability enhancement

techniques



Real-World Impact

Beyond the Classroom

Understanding thermostable drug formulations prepares students for
careers in pharmaceutical science while contributing to humanity's
ability to explore and inhabit other worlds. These same principles improve

medication access in remote Earth locations.




Career Connections

] Formulation Chemist
Aerospace Pharmaceutical

Scientist &
&
© Stability Testing Specialist
Pharmaceutical Engineer o

Materials Scientist



Key Takeaways

Space presents unique pharmaceutical Multiple stabilization strategies can protect
challenges requiring innovative solutions drugs from degradation
NASA research advances both space Understanding drug stability is critical for long-

exploration and Earth-based medicine duration space missions



The Future of
Space
Pharmaceutical
S

As humanity ventures deeper into space, thermostable drug formulations
will be essential for astronaut health and mission success. Your
generation will pioneer these life-saving innovations.




