PHARMACY PRACTICE & PRACTICE-BASED RESEARCH

Pharmacist roles across the space mission pathway

Muhammad Ahmer Raza, PhD Student, MPharm, PharmD?; Shireen Aziz, PhD student, MS, PharmD?
lindependent scholar, Pakistan

2Independent scholar, Czechia

Abstract

The advancement of human space exploration presents unprecedented healthcare challenges, and heightens the need for specialized
pharmaceutical care across the distinct timelines of a space mission. Despite growing interest in integrating pharmacists into space
healthcare, their roles remain largely generalized, not tailored to the specific demands of pre-mission preparation, in-mission
operations, and post-mission recovery. Each phase introduces unique challenges, including microgravity, radiation, and the constraints
of long-duration missions, which can compromise drug stability, alter pharmacokinetics, and impact astronaut health. This
commentary addresses these gaps, proposing a timeline-based approach to pharmacist involvement in space missions to ensure
tailored healthcare delivery at every stage. These approaches will not only enhance astronaut health and mission outcomes but will
also contribute to advancing healthcare practices on Earth. Future efforts should focus on operationalizing these frameworks to
optimize pharmacotherapy in space exploration.
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Introduction

Space missions are extraordinary undertakings that push the
boundaries of human ingenuity and exploration. Since the first
forays into space during the mid-20th century, these missions
have evolved from brief orbital flights to extended stays
aboard the International Space Station (ISS) and ambitious
plans for interplanetary travel.! Driven by technological
advancements, international collaboration, and a relentless
pursuit of knowledge, space missions aim to uncover the
mysteries of the universe while testing the limits of human
endurance.! The complex nature of these missions demands
comprehensive preparation and seamless coordination across
scientific, engineering, and technological disciplines, with
healthcare emerging as a cornerstone of mission success.

Space exploration has advanced significantly over the past
decades, with human spaceflight missions venturing farther
and lasting longer than ever before.? However, these
ambitious endeavors introduce unique challenges for ensuring
the health and well-being of astronauts.3> As key healthcare
professionals, pharmacists possess the expertise to address
medication management, drug stability, and health
optimization in the extreme conditions of space.® A review
paper by Aziz S., et al.,® published in INNOVATIONS in
pharmacy, highlighted the potential roles of pharmacists in
space missions, focusing on their contributions to ensuring
medication safety, stability, and efficacy in microgravity
environments.
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While the paper represented a crucial step toward integrating
pharmacists into space healthcare teams, it largely addresses
their roles in a general context, leaving gaps in understanding
how these roles evolve across different phases of space
missions.

Space missions can be divided into distinct timelines,”®
including pre-mission preparation, in-mission operations, and
post-mission recovery. Each phase presents unique healthcare
challenges, from planning and packing medications on Earth to
addressing acute health issues during spaceflight and
managing long-term health effects after returning to Earth.
These timelines demand tailored pharmacist involvement, as
medication requirements and health priorities differ
significantly in each phase.’ With a comprehensive framework
detailing the pharmacist’s roles throughout these timelines,
support for astronauts is maximized in anticipation of critical
moments during their mission.

The lack of specific guidelines for pharmacists in space
healthcare exacerbates the challenges of medication
management. Studies have shown, for instance, that
microgravity and radiation exposure can alter drug stability
and pharmacokinetics, potentially compromising their
therapeutic efficacy.®13 Additionally, limited resupply
opportunities during missions necessitate accurate forecasting
of medication needs and the development of strategies to
extend drug shelf life. These issues underscore the need for a
timeline-based approach to pharmacist involvement, ensuring
that astronauts have access to safe and effective
pharmaceutical care throughout their missions.

Despite the growing recognition of pharmacists’ potential
contributions to healthcare, a structured approach to defining
their responsibilities across the timeline of a space mission
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remains unexplored. Such an approach is essential for
enhancing astronauts’ health outcomes, improving mission
success rates, and ensuring the sustainability of long-term
space exploration initiatives. By analyzing the distinct
healthcare needs of each timeline and aligning pharmacist
expertise accordingly, we can pave the way for more effective
and efficient healthcare delivery in space. This commentary
aims to explore and define the roles of pharmacists across the
distinct timelines of space missions—pre-mission preparation,
in-mission operations, and post-mission recovery.

Roles of pharmacists in the space missions pathway

The timeline framework in Figure 1 categorizes pharmacist’s
role into three mission phases: pre-mission, in-mission, and
post-mission, and Table 1 highlights the challenges across the
three critical stages of a space mission. Each phase presents
unique challenges and healthcare needs, requiring
pharmacists to adopt tailored strategies to ensure astronaut
health and mission success.

Pre-mission

The pre-mission phase is a meticulously planned stage
spanning several months to years before launch, involving
astronaut training, pharmaceutical logistics, and medical
preparedness.'* A critical component of this phase is drug
selection, which must account for limited storage capacity,
weight restrictions, and the stability of medications in
space.®1> Ensuring that all necessary pharmaceuticals remain
safe, effective, and appropriately packaged for the extreme
conditions of space travel is essential. Environmental stressors
such as microgravity, cosmic radiation, and temperature
fluctuations can significantly impact drug stability, potency,
and pharmacokinetics, necessitating specialized
pharmaceutical strategies.1617

Pharmacists can play a crucial role in the strategic planning
and execution of pharmaceutical care during this stage,
assisting with drug selection, formulation, and stability testing,
and prioritizing medications that retain efficacy under space
conditions while adhering to strict payload constraints. Given
the limited onboard capacity,'® pharmacists could collaborate
with mission planners to optimize pharmaceutical inventory,
ensuring that only essential, multifunctional, and space-stable
medications are included in the mission’s medical kit. Beyond
inventory management, prelaunch pharmaceutical concepts
are further integrated into mission planning, astronaut
training, and simulation programs. Pharmacists can work
closely with expedition teams to refine pharmaceutical
logistics, incorporating realistic emergency response scenarios
into astronaut medical simulations. These collaborations can
also extend to athletic performance and physiological
preparedness,!® with pharmacists helping to design nutritional
and pharmacological interventions to mitigate bone
demineralization,?° muscle atrophy,?t and immune

suppression—all of which are common physiological effects of

spaceflight.??

Table 1. Summary of challenges and pharmacist roles across
the space mission pathway

Timeline Challenges Pharmacist roles
Pre-mission Drug stability Conduct stability testing,
under space develop space-stable
conditions, formulations, design
storage radiation-protected
limitations, medication kits, train
training needs, astronauts on
regulatory pharmaceutical self-
compliance, sufficiency, collaborate
astronaut- with engineers for
specific innovative packaging,
medication establish mission-specific
plans medication regulations,
optimize inventory for
limited payload capacity
In-mission Microgravity- Monitor drug integrity
induced using onboard analytical
pharmacokinetic | tools, adjust regimens
changes, based on astronaut
radiation physiological changes,
exposure, provide real-time
limited resupply, | telepharmacy support,
altered immune | manage acute and chronic
function, health conditions,
psychological implement Al-driven
stress, acute health monitoring for
medical pharmacovigilance,
emergencies research in-space
pharmaceutical synthesis
and drug repurposing
Post-mission Long-term Develop personalized

health effects
(musculoskeletal
deconditioning,
cardiovascular
changes,
immune
suppression),
medication
efficacy review,
astronaut
rehabilitation,
future mission
planning

recovery protocols,
reassess and adjust
medication regimens,
analyze mission health
data for future
pharmacotherapy
improvements, contribute
to post-mission
rehabilitation strategies,
publish research on long-
term drug stability and
astronaut health, refine
inventory
recommendations for
future missions
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Pharmacists can collaborate with engineers and biomedical
scientists to develop innovative packaging solutions that
provide radiation shielding, thermal protection, and optimal
storage efficiency. They can also partner with mission
healthcare providers to develop personalized medication
regimens tailored to astronauts’ pre-existing health
conditions, anticipated mission demands, and individual
metabolic profiles. A key educational component of this phase
is astronaut training in pharmaceutical handling,
administration, and medical self-sufficiency. Pharmacists can
ensure that astronauts are proficient in managing storage
conditions, making dose adjustments, and following
emergency medication protocols, enabling them to manage
their health autonomously in space.

Beyond direct medical contributions, pharmacists can also be
involved in developing and advising on drug regulations for
space missions, ensuring that medication use aligns with
international space agencies’ medical policies and mission-
specific guidelines. This regulatory oversight ensures
compliance, safety, and consistency in pharmaceutical care
across space agencies such as NASA, ESA, and private
aerospace entities. Pharmacists can contribute to the design,
organization, and maintenance of onboard pharmacy systems.
The extreme conditions of space necessitate specialized
storage solutions, as medications must be protected from
temperature fluctuations, radiation exposure, and humidity
changes to maintain their stability and potency.®

The role of pharmacists in emergency medical preparedness is
also vital.2® Given the high-risk environment of space,
astronauts may encounter acute medical conditions, including
trauma, infections, anaphylaxis, psychological distress, and
cardiovascular events.® Pharmacists can collaborate with
physicians and mission planners to develop contingency
protocols, ensuring the most effective use of limited drug
supplies for treating multiple conditions. Furthermore, they
could contribute to research on in-space pharmaceutical
synthesis, which could allow for the on-demand production of
critical medications during extended missions. By integrating
pharmaceutical expertise into pre-mission planning, astronaut
education, and mission-specific health strategies, pharmacists
can help enhance astronaut safety, optimize medication
management, and ensure mission success. Pharmacists
working in tandem with flight physicians, biomedical
engineers, and mission planners can align pharmaceutical care
with overall health strategies, contributing to joint simulation
exercises, integrated health risk assessments, and decision-
making for medication inclusion based on crew-specific health
profiles. Pharmacists’ expertise in pharmacokinetics
complements the diagnostic and preventive roles of
physicians, resulting in more robust mission medical planning.

In-mission

The in-mission phase presents a dynamic and evolving set of
healthcare challenges, largely due to the physiological
adaptations astronauts undergo in microgravity.?3 Prolonged
exposure to microgravity leads to fluid shifts, causing
headward fluid redistribution that can contribute to
intracranial pressure changes and vision impairment.2*
Astronauts also experience bone and muscle loss, with studies
indicating that bone mineral density in space decreases at a
rate of approximately 1-2% per month.?>-2” These changes can
alter drug absorption, distribution, metabolism, and excretion
(ADME),?8 meaning that medications may behave differently in
space than they do on Earth. Furthermore, immune system
dysregulation increases astronauts’ susceptibility to infections,
while radiation exposure may induce DNA damage and
oxidative stress, leading to potential long-term health
complications.?? Given these risks and the absence of
immediate medical intervention from Earth, optimizing
pharmaceutical care in space is essential for astronaut safety
and mission success.

A major constraint of in-mission pharmaceutical care is the
limited ability to resupply medications.> Even with meticulous
pre-mission planning to ensure an adequate supply of
essential medications throughout the journey, unforeseen
medical conditions may necessitate dose adjustments or
alternative treatments. Pharmacists can play a key role in
mitigating these challenges by remotely managing astronaut
medications, utilizing telemedicine and Al-driven health
monitoring systems. Through real-time biometric data
analysis, pharmacists can monitor drug efficacy, adjust
dosages, and address adverse effects, ensuring astronauts
receive optimal pharmaceutical care despite the physical
distance from Earth.

Post-mission

The post-mission phase focuses on addressing the long-term
health effects of space travel, including musculoskeletal
deconditioning, cardiovascular changes, and immune system
suppression.3® Astronauts often face a prolonged recovery
period as their bodies readjust to Earth’s gravity and normal
physiological conditions. Managing these health effects
requires a multidisciplinary approach, and pharmacists can
play a key role in medication management and rehabilitation
planning.

During recovery, pharmacists can work closely with
rehabilitation physicians, physiotherapists, and nutritionists to
co-develop integrated care plans and evidence-based
protocols for managing post-mission health conditions. Their
insights into medication effects under microgravity conditions
can enhance post-mission treatment protocols, while
physicians focus on broader physiological recovery —a synergy
that can improve the safety and effectiveness of rehabilitation
regimens. And they may review data collected during the
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mission to refine medication regimens and address any long-
term effects of drug use in space. For example, they may
recommend bone-strengthening medications to counteract
musculoskeletal deconditioning or immune-supportive
therapies to enhance recovery.

Pharmacists can also contribute to research efforts aimed at
understanding the long-term effects of space travel on drug
stability and efficacy, and can work with space agencies to
update medication guidelines and inventory lists based on
lessons learned, ensuring that future missions are better
equipped to address similar challenges.

Discussion

Pharmacists can play an indispensable role in addressing the
multifaceted challenges of space missions, and their
integration into space healthcare teams must be informed by
the structured frameworks proposed in previous research.3!
One such framework is the Participation, Action, and Research
(PAR) model?t, which emphasizes an interprofessional,
iterative approach that integrates the diverse expertise of
pharmacists, physicians, engineers, and mission specialists to
solve complex healthcare challenges in space.

The PAR model can serve as a foundation for systematically
involving pharmacists in the planning and execution of space
missions. By facilitating interprofessional collaboration and
enabling pharmacists to actively contribute to decision-making
processes, the model ensures that pharmaceutical care is not
simply reactive, but also proactive in addressing potential
health risks during space missions. In the pre-mission phase,
for instance, the PAR model could help establish research
collaborations focused on understanding the stability of
medications under simulated space conditions. Alongside
other scientists, pharmacists could participate in designing
experiments to test drug formulations against the stressors of
microgravity and radiation. Actionable insights derived from
such studies would enable pharmacists to recommend optimal
storage conditions, packaging materials, and drug
formulations for space missions. And the collaborative
environment fostered by the PAR model could streamline
astronaut training programs, ensuring that crew members are
well-versed in medication handling and emergency protocols.

The challenges encountered during the in-mission phase, such
as microgravity-induced pharmacokinetic alterations and
limited resupply options, underscore the need for dynamic
healthcare solutions.3?33 The establishment of a Space
Pharmacy Council®! could provide a centralized body to
oversee pharmaceutical care during missions. Such a council
would not only set standards for medication management in
space but also act as a resource for mission control and
astronauts in addressing acute health issues. Pharmacists
serving on the council could utilize real-time data from in-
mission health monitoring systems to adjust medication

regimens and provide remote consultations, enhancing the
adaptability and effectiveness of healthcare delivery in space.

Post-mission recovery presents its own set of challenges,
including managing long-term health effects such as
musculoskeletal deconditioning and immune system
suppression.343% The PAR model’s emphasis on iterative
research is particularly relevant in this context, as it allows
pharmacists to analyze health data collected during missions
and refine rehabilitation protocols accordingly. Furthermore,
the Space Pharmacy Council could play a pivotal role in
standardizing post-mission pharmaceutical care, ensuring that
astronauts receive consistent and evidence-based treatments
for their recovery. By bridging the gap between mission-
specific insights and broader healthcare practices, the council
could also contribute to improving pharmaceutical care for
terrestrial populations, particularly those with similar health
challenges.

In addition to addressing mission-specific challenges, the
integration of pharmacists into space healthcare teams offers
broader benefits for advancing space exploration. The
iterative processes advocated by the PAR model and the
standardization efforts spearheaded by the Space Pharmacy
Council could serve as a blueprint for other healthcare
professionals involved in space missions. Lessons learned from
pharmacist-led initiatives in medication stability and
pharmacokinetics could, for example, inform the work of
nutritionists, physiologists, and psychologists in optimizing
astronaut health. By fostering a culture of collaboration and
continuous improvement, these frameworks ensure that
space healthcare remains at the forefront of innovation.
Future frameworks should define role boundaries and
interdependencies among healthcare providers, clarifying the
pharmacist’s unique contribution to medication safety,
pharmacovigilance, and therapy customization. This clarity is
essential in environments where every professional must
operate at peak capacity under extreme constraints.

While this commentary provides a structured framework for
pharmacist roles across space missions, it does not
comprehensively address the extended responsibilities of
pharmacists in deep-space and interplanetary missions. Long-
duration space travel, such as to Mars or beyond, presents
additional pharmaceutical challenges, including longer drug
shelf-life requirements, potential in-space manufacturing of
medications, and the need for advanced autonomous
pharmaceutical care. Future research should focus on
developing strategies for extended mission pharmacy,
including novel drug formulation techniques, resource-limited
pharmaceutical management, and long-term astronaut health
monitoring.

Additionally, this commentary does not extensively discuss the
role of pharmacists in disaster response scenarios during
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space missions. Unexpected medical emergencies such as
radiation exposure events, toxic gas leaks, or life-threatening
illnesses may require emergency pharmaceutical protocols,
rapid response medication deployment, and innovative
therapeutic solutions tailored to space environments. Future
studies should explore how pharmacists can contribute to
emergency preparedness, crisis intervention, and medication
triage strategies for unforeseen spaceflight medical crises. By
addressing these gaps in extended space mission
pharmaceutical care and disaster response planning, future
research can further establish the critical role of pharmacists
in ensuring the safety, sustainability, and resilience of long-
duration human space exploration.

Conclusion

Pharmacists are essential members of the interprofessional
space healthcare team, contributing unique expertise across
all mission phases. From pre-mission planning to in-mission
support and post-mission recovery, their roles in medication
management, pharmacovigilance, and therapeutic guidance
complement those of physicians and other specialists.
Establishing frameworks like the Space Pharmacy Council and
PAR model will strengthen collaboration and ensure safe,
effective pharmaceutical care in space. These innovations can
also inform healthcare practices on Earth.

List of abbreviations:
NASA  National Aeronautics and Space Administration

ESA European Space Agency

DNA Deoxyribonucleic Acid

Al Artificial Intelligence

PAR Participation, Action, Research

ADME Absorption, Distribution, Metabolism, and Excretion
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Figure 1. Pharmacist roles across Space Mission pathway

Pre-mission In-mission

S : 5 : \
Medication selec-non, stability testing, Monitor drug integrity, adjust
custom formulations, astronaut health R s A

i . ¢ regimens, provide telemedicine
assessmer? 4 mv-en ory .managemen 5 support, Al-driven health support,
collaboration with engineers for 2

X X manage acute health issues,
packaging, regulatory compliance research In space and drug
repurposing,

Post-mission

Develop recovery protocols, adjust
regimens, analyze data, publish
findings, educate astronauts, plan
for future care, refine inventory
recommendations

http:/z.umn.edu/INNOVATIONS 2025, Vol. 16, No. 3, Article 6591 INNOVATIONS in pharmacy
DOI: https://doi.org/10.24926/iip.v16i3.6591



http://z.umn.edu/INNOVATIONS
https://doi.org/10.24926/iip.v16i3.6591

	Pharmacist roles across the space mission pathway
	Abstract
	The advancement of human space exploration presents unprecedented healthcare challenges, and heightens the need for specialized pharmaceutical care across the distinct timelines of a space mission. Despite growing interest in integrating pharmacists i...
	Introduction
	Roles of pharmacists in the space missions pathway
	Pre-mission
	In-mission
	Post-mission

	Discussion
	Conclusion
	List of abbreviations:
	Funding/support: None
	Disclaimer: The statements, opinions, and data contained in all publications are those of the authors.
	References


