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ABSTRACT 

 

Astrobotany, the study of plants in space, has opened up new frontiers in the search for extraterrestrial 

resources. Beyond their role in supporting life through oxygen production and food generation, plants also 
possess remarkable pharmaceutical properties. This chapter delves into the fascinating world of pharmacy content 

within astrobotany, focusing on the potential medicinal benefits of extraterrestrial flora.. 
 

Before exploring the possibilities of extraterrestrial pharmacy, this section provides an overview of the 

diverse medicinal compounds that plants on Earth have contributed to human healthcare. It highlights the 
importance of plants as sources of various drugs, including analgesics, anticancer agents, antibiotics, and more. 

Discussing extremophiles—organisms that thrive in extreme environments—this section explores their relevance 

in astrobotany. Extraterrestrial environments like Mars or the icy moons of Jupiter may host extremophilic plants 
with unique bioactive compounds. The potential discovery of novel pharmaceutical agents from these 

extremophiles could revolutionize medicine on Earth. The absence of Earth's atmosphere and the presence of 
cosmic radiation in space impact plant growth. This section delves into the potential changes in the production of 

medicinally relevant compounds in plants cultivated in space habitats or on other celestial bodies. It explores the 

challenges and opportunities for harnessing these compounds for human healthcare. 
 

In future space missions, astronauts may need to rely on in-situ resource utilization (ISRU) for 

sustenance and medical requirements. This section discusses the possibility of cultivating and harvesting 
medicinal plants in space to create plant-based medicines. It also explores the practical implications and ethical 

considerations of using these medicines in isolated space habitats. Drawing inspiration from Earth's 
ethnobotany—the study of how indigenous cultures use plants medicinally—this section speculates on the 

potential ethnobotanical practices of extraterrestrial civilizations. Imagining the possibilities of alien plant-based 

medicines provides an intriguing perspective on the diversity of pharmacological knowledge across the cosmos. 
 

Advancements in biotechnology and synthetic biology may allow scientists to bioengineer plants for 

enhanced pharmaceutical production in space. This section explores the potential of these techniques in 
optimizing medicinal compound synthesis and tailoring plants to specific medical needs in extraterrestrial 

environments. 
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Astronaut etc. 

 

 

I. INTRODUCTION 

 

 

Astrobotany, the study of plants in space, has opened up new frontiers in the search for extraterrestrial 

resources. Beyond their role in supporting life through oxygen production and food generation, plants also possess 



remarkable pharmaceutical properties. This chapter delves into the fascinating world of pharmacy content within 

astrobotany, focusing on the potential medicinal benefits of extraterrestrial flora. In the vast expanse of space, the 

presence of plants becomes crucial for the sustenance of human life. Plants play a crucial role in maintaining the 

balance of gases within enclosed habitats, producing oxygen through photosynthesis, and absorbing carbon dioxide, 

which is essential for the survival of astronauts during long-duration missions. 

 

Growing plants in space poses unique challenges due to the absence of gravity, limited resources, and exposure 

to cosmic radiation. Researchers have been experimenting with different growth systems, including hydroponics and 

aeroponics, to facilitate plant cultivation in microgravity environments. Apart from the obvious benefits of providing 

food and oxygen, plants also contribute to psychological well-being and help mitigate the "space effect," a 

phenomenon where astronauts experience mental and physical challenges during extended space missions. 

 

Throughout history, humans have utilized plants for medicinal purposes. Many of our current pharmaceuticals 

have origins in natural compounds derived from plants. From pain relief to treating infectious diseases, plants have 

been a cornerstone of traditional medicine and modern drug development. Given the diverse environments in space, 

it is plausible that extraterrestrial plants may possess unique bioactive compounds with pharmacological potential. 

These compounds could be harnessed to develop novel medications to address health issues faced by astronauts 

during space missions. 

 

During extended space missions, astronauts face health challenges such as bone density loss, muscle atrophy, 

and increased radiation exposure. Plants with pharmaceutical properties could aid in mitigating some of these health 

risks and enhancing the overall well-being of space travelers. In preparation for future manned missions to other 

planets or moons, astrobotanists are actively exploring potential plant species with pharmaceutical properties. 

Extensive research is being conducted to identify plants that can thrive in extraterrestrial environments and 

simultaneously offer health benefits. Learning from the ethnobotanical practices of indigenous cultures on Earth, 

researchers draw inspiration for potential plant-based medicines on other planets. Studying how these cultures use 

plants medicinally provides valuable knowledge for astrobotanists in their quest for extraterrestrial pharmacy. 

 

Advancements in biotechnology and genetic engineering may allow scientists to enhance the production of 

medicinal compounds in space-grown plants. Through these techniques, it is possible to optimize plant metabolism 

and tailor specific plant traits for medical purposes. As humanity ventures further into space, the establishment of 

off-world pharmacies could become a reality. Such pharmacies would utilize extraterrestrial plants to produce 

medicines for astronauts and potentially serve as a resource for interplanetary missions. The discoveries made 

through astrobotany and the potential development of new medications may have implications for healthcare on 

Earth. Novel pharmaceutical compounds derived from space-grown plants could hold promise for addressing 

various medical conditions back home. 

 

A. The Role of Plants in Space Habitats 

 

Plants play a crucial role in space habitats, contributing to the overall well-being and sustainability of 

human life in the challenging environment of outer space. Their significance goes beyond simply providing 

oxygen and food for astronauts. Let's explore the key roles that plants fulfill in space habitats: 

 

Oxygen Production: 

One of the most fundamental roles of plants in space habitats is oxygen production. Through the process 

of photosynthesis, plants convert carbon dioxide exhaled by astronauts into oxygen, making the atmosphere 

breathable. This is particularly important in closed systems like spacecraft, space stations, or future space 

colonies, where the exchange of gases with the outside environment is limited. 

 

Carbon Dioxide Absorption: 

Plants are essential for regulating carbon dioxide levels in space habitats. By absorbing carbon dioxide, 

they help maintain a balanced atmosphere, preventing the buildup of this gas, which could be harmful to human 

health in high concentrations. 

 

Food Generation: 



In long-duration space missions, cultivating edible plants becomes crucial for astronauts' sustenance. 

Growing crops in space habitats can provide a renewable and sustainable source of fresh food, reducing the 

dependence on pre-packaged supplies from Earth. Additionally, the psychological benefits of tending to and 

harvesting plants can have positive effects on astronauts' mental well-being during extended missions. 

 

Water Recycling: 

Plants contribute to water recycling within space habitats. Through a process called transpiration, plants 

release water vapor into the atmosphere, which can be collected and condensed for reuse. This mechanism helps 

in conserving and recycling water, a valuable resource in space. 

 

Psychological Support: 

The presence of living plants in space habitats can have a positive psychological impact on astronauts. 

Being surrounded by greenery and tending to plants can provide a sense of connection to nature and Earth, 

helping to alleviate the psychological stress and isolation often experienced during long missions. 

 

Radiation Shielding: 

While not their primary purpose, plants can also offer some level of protection against harmful cosmic 

radiation. Plant materials have shown to absorb and scatter radiation, which could help mitigate the radiation 

exposure astronauts face in space environments. 

 

Waste Management: 

Certain plant species, such as algae, have the potential to assist in waste management in space habitats. 

Algae can be used to biologically process organic waste, transforming it into usable resources like nutrients or 

biofuels. 

 

Challenges and Considerations: 

 

While plants offer numerous benefits in space habitats, there are several challenges to overcome: 

 

Microgravity Adaptation: 

Plants have evolved to grow under the influence of Earth's gravity, and microgravity conditions in space 

can affect their growth and development. Researchers need to understand how plants adapt to these conditions 

and devise suitable cultivation techniques. 

 

Resource Limitations: 

Space habitats have limited resources, including space, energy, and water. Developing efficient plant 

growth systems that optimize resource utilization is critical for sustainable space agriculture. 

 

Lighting and Temperature: 

Providing adequate lighting and maintaining optimal temperature levels in space habitats are essential 

for plant growth. Advanced lighting systems, such as LED technology, are used to simulate sunlight, while 

temperature control is crucial to ensuring plant health. 

 

Biosecurity: 

Introducing plants from Earth into space habitats must be carefully managed to avoid potential 

biosecurity risks. Preventing the spread of pathogens or invasive species is crucial to maintaining the integrity of 

closed space environments. 

 

B. Challenges of Growing Plants in Space 

 

Growing plants in space presents several unique challenges due to the microgravity environment and the 

limitations of space habitats. These challenges must be overcome to establish sustainable and efficient space 

agriculture. Let's explore some of the main challenges faced in growing plants in space: 

 

Microgravity Effects: 

In the absence of gravity or under microgravity conditions, plants grow differently than they do on Earth. Root 



systems, which rely on gravity to guide their growth, become disoriented, affecting nutrient uptake and 

anchoring. As a result, plant growth can be slower and less stable, requiring specialized cultivation techniques 

to promote root development. 

 

Water Management: 

Water behaves differently in microgravity, forming spherical droplets that do not flow easily like on Earth. 

Proper water distribution to plant roots is essential for healthy growth, but in space, this requires innovative 

watering systems that prevent water from floating away or forming stagnant pools. 

 

Nutrient Delivery: 

Ensuring efficient nutrient delivery to plants in space is challenging. The distribution of nutrients through the 

growing medium or hydroponic systems requires careful design to account for the absence of gravitational 

forces that naturally assist nutrient uptake on Earth. 

 

Lighting: 

Space habitats lack access to natural sunlight, which is vital for photosynthesis on Earth. LED lighting systems 

have been developed to simulate sunlight, but balancing light intensity, duration, and spectrum becomes 

critical to optimizing plant growth while conserving energy. 

 

Temperature Control: 

Maintaining stable temperatures within space habitats is essential for plant health. Fluctuations in temperature 

can stress plants, affecting growth rates and nutrient uptake. Advanced thermal control systems are necessary 

to ensure optimal conditions. 

 

Limited Space and Resources: 

Space habitats have restricted space and resources, making efficient space utilization and resource 

management imperative. Researchers must carefully plan and design growing areas to maximize the yield of 

crops while minimizing resource consumption. 

 

Pollination and Reproduction: 

For plants that require pollination, mechanisms for facilitating pollination in enclosed environments must be 

devised. In microgravity, traditional pollination methods may not be effective, necessitating innovative 

solutions. 

 

Microbial Management: 

Preventing the spread of pathogens and microbes within closed space habitats is crucial to protect plant health 

and the overall integrity of the environment. Strict biosecurity measures must be implemented to avoid 

contamination. 

 

Psychological Impact: 

Gardening and interacting with plants can have psychological benefits for astronauts, helping to alleviate 

stress and anxiety during long-duration space missions. Ensuring that plant cultivation is conducive to the 

mental well-being of the crew is a critical consideration. 

 

Long-Term Sustainability: 

For space missions with extended durations or the establishment of permanent colonies, achieving long-term 

sustainability in space agriculture is essential. Developing self-sustaining ecosystems that recycle nutrients and 

waste is a major goal for researchers in astrobotany. 

 

C. Benefits of Space-Based Plant Cultivation 

 

Space-based plant cultivation offers a wide range of benefits, making it a crucial component of future 

space missions and the establishment of sustainable human habitats beyond Earth. These benefits extend beyond 

basic life support functions and have significant implications for both space exploration and life on Earth. Here 

are some of the key advantages of space-based plant cultivation: 

 



Life Support and Self-Sufficiency: 

Plants are essential for life support in space habitats. They produce oxygen through photosynthesis and 

absorb carbon dioxide, maintaining a breathable atmosphere for astronauts. Additionally, cultivating plants 

provides a renewable source of fresh food, reducing the reliance on pre-packaged supplies from Earth. Achieving 

self-sufficiency in food and oxygen production is a vital step towards sustainable long-duration space missions 

and future space colonies. 

 

Psychological Well-Being: 

The presence of living plants and the act of gardening can have a positive impact on astronauts' mental 

well-being. The "biophilia hypothesis" suggests that humans have an innate affinity for nature, and having 

greenery in space habitats can help alleviate stress, anxiety, and feelings of isolation during extended missions. 

 

Waste Recycling: 

Plants can be utilized in closed-loop life support systems to recycle waste, including carbon dioxide 

exhaled by astronauts and organic waste generated on spacecraft. Through photosynthesis and transpiration, 

plants release oxygen and water vapor, respectively, which can be recycled for various purposes. 

 

Carbon Sequestration: 

Growing plants in space habitats can aid in carbon sequestration, removing carbon dioxide from the 

atmosphere and potentially mitigating its impact on climate change. This concept is especially relevant for future 

space colonies that may have limited access to resources from Earth. 

 

Bioregenerative Life Support Systems: 

The concept of bioregenerative life support systems involves integrating plants, microorganisms, and 

other biological elements into space habitats to create a self-sustaining ecosystem. Such systems have the 

potential to reduce the need for constant resupply missions from Earth, making space exploration more cost-

effective and sustainable. 

 

Research and Education: 

Space-based plant cultivation provides an excellent platform for scientific research and experimentation. 

Studying plant growth, development, and responses to space environments helps us better understand 

fundamental biological processes and how they adapt to different conditions. Furthermore, educational outreach 

initiatives related to space-based gardening can inspire the next generation of scientists, engineers, and astronauts. 

 

Medicinal Potential: 

As mentioned earlier, plants in space have shown remarkable pharmaceutical properties. Exploring the 

medicinal potential of extraterrestrial flora may lead to the discovery of novel compounds for medical purposes, 

benefiting both astronauts and human healthcare on Earth. 

 

Food Diversity: 

Space-based plant cultivation allows for a more diverse and nutritious diet for astronauts. Fresh fruits, 

vegetables, and herbs can complement packaged astronaut food, enhancing the overall nutritional quality of their 

diet. 

 

Research on Crop Adaptation: 

Understanding how different plant species adapt to microgravity and space environments can provide 

insights into crop adaptation on Earth, especially in regions with challenging environmental conditions or during 

climate change. 

 

 

II. LITERATURE REVIEW 

 

In this study by Paul et al. (2012), the growth and development of Arabidopsis, a model plant species, 

were examined across multiple generations in microgravity conditions. The research revealed that Arabidopsis 

could complete its life cycle in space, from seed germination to seed production. This groundbreaking finding 

demonstrated the potential for sustainable space agriculture, where plants can be grown and harvested for multiple 



generations, providing a continuous source of food and oxygen for long-duration space missions and future space 

colonies. 

 

Wheeler et al. (2008) explored the design and implementation of growth chambers for life support system testing at 

the Kennedy Space Center. Understanding the intricacies of creating a controlled environment for plant growth in 

space habitats is crucial for optimizing resource utilization and ensuring the well-being of astronauts. The study 

emphasized the importance of efficient lighting, temperature regulation, and water management in these growth 

chambers. Preserving genetic material is vital for future space-based plant cultivation and genetic research. Ferl et 

al. (2006) investigated the preservation of RNA and DNA from plants on the International Space Station. 

Understanding how to store and protect genetic material during space missions is essential for conducting 

experiments and potentially developing genetically modified plants for specific applications in space agriculture. 

 

Spaceflight can have significant effects on plant metabolism and the production of secondary metabolites, which 

are compounds with potential pharmaceutical properties. Limaye et al. (2018) analyzed the secondary metabolites 

from plants grown under spaceflight conditions. Their research shed light on how the unique environment of space 

impacts the production of bioactive compounds in plants, suggesting the potential for novel pharmaceutical 

discoveries. Levine et al. (2001) investigated how light quality and intensity influence plant growth in 

microgravity. Understanding how plants respond to different light conditions in space is crucial for optimizing 

plant growth and resource utilization in future space agriculture. The study highlighted the importance of providing 

appropriate light spectra and intensities to support healthy plant development in space habitats. 

 

Macek et al. (1996) explored the role of hormones in regulating plant growth under microgravity conditions. 

Hormones play a crucial role in coordinating plant development, and their responses may be altered in the absence 

of gravity. Understanding hormonal regulations in space-grown plants can help researchers devise strategies to 

optimize plant growth and enhance overall plant health in space habitats. Salmi et al. (2015) investigated the 

manipulation of spaceflight effects on plant cell wall composition. The plant cell wall is essential for structural 

integrity and plays a vital role in nutrient uptake and defense mechanisms. Understanding how spaceflight affects 

cell wall composition provides insights into how plants adapt to microgravity and how these adaptations can be 

harnessed for potential pharmaceutical applications. 

 

Ferl et al. (2015) conducted a proteomic analysis of Arabidopsis plants grown in space. Proteomics is the study of 

all the proteins expressed by an organism, and analyzing changes in protein expression can reveal how plants 

respond to space environments. This research identified specific alterations in the proteome of space-grown plants, 

providing valuable information on how plants adapt at the molecular level to microgravity conditions. Hummerick 

and Pietrzyk (2016) focused on the development of a spaceflight plant growth unit for the Veggie Plant Growth 

System. The Veggie system is utilized aboard the International Space Station to grow plants in microgravity. The 

research highlighted the technical challenges and innovations required to facilitate plant growth in confined space 

environments. 

 

Stutte et al. (2009) studied the carbon partitioning and nutrient uptake of Arabidopsis thaliana, a small flowering 

plant, during growth under both normoxic and hypoxic conditions in space. Understanding nutrient uptake and 

carbon partitioning in space-grown plants is crucial for optimizing resource allocation and developing efficient 

space agriculture systems. Correll and Kiss (2005) discussed the ASTROCULTURE™ spaceflight experiments 

conducted at the Kennedy Space Center. ASTROCULTURE™ was a plant growthfacility used to study the effects 

of microgravity on plant growth and development. The research shed light on the challenges and benefits of 

growing plants in space and provided insights into potential applications for future space missions. 

 

Cao et al. (2020) conducted a comprehensive study on the effects of microgravity on plant physiological 

characteristics. The research investigated various physiological parameters in space-grown plants to understand 

how microgravity impacts plant health and functionality. This knowledge is crucial for developing effective 

strategies to maintain healthy plants in space habitats. Guan et al. (2019) examined the differential protein 

expression in Arabidopsis thaliana roots under microgravity conditions during spaceflight. Proteomic analyses of 

plant roots provide insights into the molecular mechanisms that underlie plant adaptations to microgravity, 

potentially leading to the discovery of new pharmaceutical targets. Zuppini et al. (2002) investigated the 

morphogenesis of Arabidopsis thaliana callus cultures under microgravity conditions on the International Space 

Station. Callus cultures are cell cultures derived from plant tissues, and understanding their development in space 



helps researchers grasp the fundamental processes underlying plant growth and differentiation in microgravity. 

 

In this forward-looking article, Ferl and Wheeler (2018) discuss the concept of space agriculture for habitation on 

Mars. The authors explore the potential benefits of cultivating plants on the Red Planet to support future human 

settlements. Space agriculture offers opportunities for sustainable food production and resource recycling, which 

are crucial for long-term human habitation on Mars and beyond. 

 

 

 

 
 

Figure 1. Astrobtany is important for future space exploration and research 

 

 

 

III. MEDICINAL POTENTIAL OF PLANTS IN SPACE 

 

A. Earthly Medicinal Plants and Their Impact on Human Health 

 



 

Throughout history, humans have utilized plants for medicinal purposes. Many of our current pharmaceuticals 

have origins in natural compounds derived from plants. From pain relief to treating infectious diseases, plants 

have been a cornerstone of traditional medicine and modern drug development. 

 

 

B. Unique Bioactive Compounds from Extraterrestrial Plants 
 

Given the diverse environments in space, it is plausible that extraterrestrial plants may possess unique bioactive 

compounds with pharmacological potential. These compounds could be harnessed to develop novel medications 

to address health issues faced by astronauts during space missions. 

 

C. Alleviating Health Risks of Long-Duration Space Missions 

 

During extended space missions, astronauts face health challenges such as bone density loss, muscle atrophy, and 

increased radiation exposure. Plants with pharmaceutical properties could aid in mitigating some of these health 

risks and enhancing the overall well-being of space travelers. 

 

IV. THE QUEST FOR EXTRATERRESTRIAL PHARMACY 

 

 

A. Identifying Medicinally Relevant Plant Species 

 

In preparation for future manned missions to other planets or moons, astrobotanists are actively exploring potential 

plant species with pharmaceutical properties. Extensive research is being conducted to identify plants that can 

thrive in extraterrestrial environments and simultaneously offer health benefits. 

 

B. Ethnobotanical Insights from Indigenous Cultures 

 

Learning from the ethnobotanical practices of indigenous cultures on Earth, researchers draw inspiration for 

potential plant-based medicines on other planets. Studying how these cultures use plants medicinally provides 

valuable knowledge for astrobotanists in their quest for extraterrestrial pharmacy. 

 

C. Biotechnology and Genetic Engineering 

  

Advancements in biotechnology and genetic engineering may allow scientists to enhance the production of 

medicinal compounds in space-grown plants. Through these techniques, it is possible to optimize plant metabolism 

and tailor specific plant traits for medical purposes. 

 

 

V.  THE FUTURE OF ASTROBOTANY AND SPACE PHARMACY 

 

 

A. Establishing Off-World Pharmacies 

 

As humanity ventures further into space, the establishment of off-world pharmacies could become a reality. Such 

pharmacies would utilize extraterrestrial plants to produce medicines for astronauts and potentially serve as a 

resource for interplanetary missions. 

 

B. Implications for Healthcare on Earth 

 

The discoveries made through astrobotany and the potential development of new medications may have implications 

for healthcare on Earth. Novel pharmaceutical compounds derived from space-grown plants could hold promise for 

addressing various medical conditions back home. 

 

 



 

VI. CONCLUSION 

 

The exploration of astrobotany with a pharmacy content unveils a fascinating array of possibilities. From the 

discovery of novel bioactive compounds in extremophiles to the bioengineering of plants for space medicine, this 

field presents exciting opportunities for human healthcare both on Earth and in future space missions. As we venture 

further into space, astrobotany will continue to unravel the pharmacy of the cosmos, bringing us closer to unlocking 

the full potential of extraterrestrial flora in service of human well-being. Astrobotany, the study of plants in space, is 

an exciting field that offers unique insights into the potential of extraterrestrial flora. Beyond their role in supporting 

life in space habitats, plants hold a treasure trove of pharmaceutical properties that could revolutionize healthcare 

both on Earth and during space exploration missions. As we continue our journey into the cosmos, astrobotany will 

undoubtedly play a pivotal role in unlocking the pharmacy of space and transforming the future of medicine. 

 

Plants are indispensable components of space habitats, contributing to the life support systems and well-being of 

astronauts. Their roles in oxygen production, food generation, water recycling, and psychological support make 

them invaluable assets for long-duration space missions and future space colonization. Through ongoing research 

and technological advancements, astrobotanists aim to optimize space agriculture, paving the way for sustainable 

human presence beyond our home planet. 

 

Growing plants in space is a complex and multidisciplinary endeavor that involves addressing challenges related to 

microgravity effects, water management, nutrient delivery, lighting, temperature control, limited space and 

resources, pollination, microbial management, psychological impact, and long-term sustainability. As we overcome 

these challenges through research, innovation, and technological advancements, we move closer to establishing self-

sufficient space habitats capable of supporting human life in the distant frontiers of our universe. Astrobotanists and 

space agencies continue to work diligently to ensure that plants not only contribute to life support systems but also 

provide a source of food, oxygen, and psychological support for astronauts during their missions beyond Earth. 

 

Space-based plant cultivation is a critical aspect of space exploration and colonization efforts. From supporting life 

and providing essential resources like oxygen and food to promoting psychological well-being and advancing 

scientific knowledge, plants have multifaceted benefits in space habitats. As we continue to develop and refine 

space agriculture techniques, we move closer to achieving sustainable and self-sufficient human habitats in the 

cosmos. The diverse and innovative research within astrobotany highlights the transformative potential of space-

based plant cultivation. From understanding plant growth in microgravity to exploring the pharmaceutical benefits 

of space-grown plants, these studies contribute to our understanding of how plants can thrive in space environments. 

The findings offer promising avenues for future space exploration and colonization, where sustainable agriculture 

and access to pharmaceutical resources could be key to humanity's success in the final frontier. As research in 

astrobotany continues to evolve, it will undoubtedly play a vital role in shaping the future of human space 

exploration and uncovering the pharmacy of space. 
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