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ABSTRACT
 In the present era, scientific explorations have crossed the boundaries of our planet and are ready to venture into the unknown in an estimated time span of next 20 years. In the near future, manned missions to space will be for a longer period of time meaning that the human body will be exposed to a foreign environment for a longer duration of time. The space environment has various effects on the human body and if it’s not taken care of; may lead to long term and irreversible damage. This article outlines some of the novel formulations which could be used for space travel and their stability testing mechanism. Future research should focus on potential advances to ensure that our space programs are well-equipped to assure astronaut safety as they explore deep space objectives.
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INTRODUCTION
The pharmaceutical industry has been constantly evolving pertaining to the constant progress and development of the human race. The medications and formulations have been modifying to reach ultimate patient compliance and to reach highest level of therapeutic output. Hence it seemed fitting that the development of drug products for the space travel would make it to the list of interests and innovations in the scientific fraternity. The main goal of developing space medication is to prioritize the health of the astronauts on manned missions. Staying for a long period of time in an external space environment has various effects on the body such as, muscle atrophy, disruption of the circadian rhythm, loss of sleep and appetite and overall decline in mental and physical performance of an individual.
The space environment and its effect on the human body / physiological and medical effects of spaceflight

Microgravity refers to an almost weightless environment where there is no pull-back mechanism. The gravitational force is close to zero in a microgravity setting. Since the body is used to a certain kind of environment while being on earth, a sudden change in the gravity leads to various bodily disturbances [1].It could take a while for the astronauts to get adapted to the new surroundings. At times it is easy to adapt to the new place but other times it may get difficult [2]. 

The most noticeable effect on the appearance of a person is the unequal distribution of fluids in the upper and the lower portion 

of one's body. Due to this it appears like the person has got a somewhat puffy face [3]. This is also known as facial edema and leads to a reduced volume of fluid in the lower limbs which makes it difficult to walk around. Apart from a shift of fluid, another cause of tiredness is substantial reduction in the intravascular fluids [4].A survey was conducted where the astronauts jointly agreed that all of them suffered from severe pain in the back in the initial days within the confines of space. So the following are the different kinds of changes that our body undergoes [5].
· Fluid redistribution is responsible for congestion in the head leading to a puffy face appearance

· Occasional disorientation is caused by changed sensory input

· Weight-bearing bones and muscle atrophy

· Otoliths in inner ear respond differently to motion on earth compared to that of the microgravity environment 

· Kidney filtration rate rises, which may lead to kidney stones due to bone loss.

· On return to Earth, the loss of blood plasma causes temporary anemia. 

· Legs shorten/shorten due to fluid redistribution

· Pressure and touch related changes

· No downward force is detected by sensors. 

NEED FOR SPACE MEDICATION DEVELOPMENT

· To overcome health related problems and challenges 

· To ensure that long term manned spaceflights have well equipped medicinal products 

· To make sure that the products last in an environment of extreme temperature and pressure and zero gravity conditions 

· To ensure successful completion of space mission to yield fruitful outcomes

· To further scientific research into space exploration 

· To aim for human space colonization in the future  
Figure 1: Effect of microgravity on the human body
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Challenges in formulating medication for space travel
 
Microgravity, cosmic radiation, confinement, and isolation are all damaging to the human body when exposed to the space environment. A decrease in bone mineral density, erythrocyte mass, and plasma volume occurs after prolonged exposure [6]. 

Contributing factors:

Physical Factors 

Since the space environment is completely different from that on Earth, it is essential that the packaging of space medication must be done keeping in mind the recent development in engineering techniques which ensure long term use. The packages should be put into Ziploc bags or bags with Velcro [7]. All the product information and details must be mentioned clearly on the outer packaging. The route of administration and time of re-administration must be mentioned clearly [8].The containers used must be thoroughly tested to ensure that they can endure temperature variations, pressure changes and zero gravity environment [9]. Radiation at a lower level is used to sterilize pharmaceutical products on Earth. But once the level of gamma radiation exceeds the required level, and then the high radiation may degrade the products faster than expected [10].  

Physiological Factors 

 
When the astronauts go to the outer space environment their body is subjected to various changes. They undergo various physiological problems out of which the most common ones are Motion sickness, Digestive problems, and Respiratory and Urinary tract infections [11]. Other less occurring ailments are headache, loss of sleep, nausea, sinus congestion and backache [12]. At microgravity, the growth of microbial flora increases manifold leading to a higher risk of infections [13]. 94 percent of the crew took medication during the first 33 US space shuttle missions, with more than 500 individual doses of 31 different medications given primarily through the oral route. Astronauts took 47 percent of their doses for space motion sickness, 45 percent for sleep disturbances, and smaller amounts for headache, backache, and sinus congestion while being in flight. Hence while formulating medications; treatment of these ailments should be prioritized [14]. 

Microbiological Factors

 
Due to their unregulated proliferation in zero gravity situations, microbial diseases represent a risk in space travel. Microbial infections are most dangerous during operations in Low Earth Orbit [15]. Microbes from the crew's commensular flora will inevitably contaminate the spacecraft; microbial contamination from onboard plant cultivation as a source of food or a component of a bio-regenerative life-support system will also add to the complexity of the microbial population within the spacecraft's closed environment [16].

INNOVATIVE MEANS FOR DRUG DELIVERY

Constant Drug Delivery Nanotechnologies for Space Exploration 

In a space setting, it's difficult to administer medications at predetermined intervals because it could jeopardize the mission's success. As a result, the notion of a constant medication delivery system was originally introduced to reduce the frequency of dosing [17]. Yang et al worked on this subject with his team and created a block co-polymer membrane with gold deposition to alter and regulate the size of the cylindrical nano channels [18].The aim of this device was to administer a continuous diffusion of bovine serum albumin and human growth hormone over a three-week period [19]. A new form of nano channel was designed to solve the problem, allowing medicinal chemicals to be released from implantable devices. The size and surface qualities of silicon housing channels 105 were tightly regulated using a new approach called Sacrificial Layer Technique (SLT) [20]. Antibiotics, chemotherapeutics, hormones, and anticancer drugs were used to test the system's effectiveness [21].  

Applications of Nano-Gland for Space 

 The forthcoming advancements in nanotechnology should be employed for monitoring extreme circumstances. Long-term space missions necessitate real-time and rapid detection of underlying issues [22]. To maintain the appropriate degree of bone density, the long durations necessitate up to two hours of daily weight training. Nano glands regulate hormone and drug release in humans, which may aid in the decrease of any severe exercise. It also provides long-term protection against long-term radiation exposure. The term "Nano-Gland" does not refer to a trademark but rather to an implanted drug delivery device [23].

 Bionano Scaffolds (BNS) as a Space Nanomedicine 

 
Bionano Scaffolds are made of biodegradable and biocompatible materials with the goal of promoting tissue regeneration in any part of the body, regardless of where they are implanted [24]. They've found to be completely beneficial in diagnostic services. Bone density can be assessed ahead of time, and treatment can be prescribed to prevent long-term harm. The mechanism of action of Bionano scaffolds is based on attaching the intrinsic regenerative potential of endogenous tissues to molecular cues to initiate the body's reparative process [25]. By injecting the facture putty into subcutaneous compartments in rats, Tasciotti and colleagues tested the features. Significant vascularization was visible to the unassisted eye after four weeks, and histology confirmed vessel and osteoid development. After 4 months of implantation with porous calcium phosphate, Papadimitropoulos et al. confirmed the in-growth of bone marrow stromal cells [26].

Carbon Nanotubes for Cardiac Function and Muscle Atrophy

Carbon nano tubes are carbon-based cylindrical structures. Single walled carbon Nanotubes and multi walled carbon Nanotubes are the two most common forms. They were primarily created to help administer water-insoluble or hydrophobic medicines [27]. The medicine is loaded onto a cylindrical carrier, which increases the surface area and consequently the region of action. Ladeira et al colleagues employed carboxyl functionalized single walled carbon nano tubes to transfer siRNA to cardiomyocytes in an experiment [28]. The effectiveness of this formulation was greater than 95%.  As part of a new generation of tissue engineering, these nano tube-based scaffolds could be employed to generate heart muscles [29] (Figure 2).
Figure 2: Structure of nanotubes 
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Quantum Dots for Diagnostic Testing 

The use of nanoparticles for diagnostic reasons is currently being investigated in academia, but it is also being employed in clinical settings [30]. Fluorescent nanoparticles provide researchers with a solution to overcome the shortcomings of existing diagnostic testing technology, such as fading of fluorescence after a single use, colour matching, and limited use of dyes due to bleeding, because existing diagnostic testing technology is limited by the inadequacies of fluorescent markers [31]. Quantum dots, which can be custom-made in a variety of piercingly distinct colours, are indeed a big step forward. Nanoparticles are now being explored for diagnostic purposes in academia, but they are also being used in clinical contexts [32]. Because existing diagnostic testing technology is limited by the inadequacies of fluorescent markers, fluorescent nanoparticles provide researchers with a solution to overcome the shortcomings of existing rapid diagnostic technology, such as fading of fluorescence after a single use, colour correction, and limited use of dyes due to bleeding [33]. Quantum dots, which can be custom-made in a rainbow of colours, were a huge stride forward. Quantum dots can be tagged for a variety of reasons: first, they can be activated with white light, and second, they can be connected to biomolecules that can spend a long time in the living system, allowing researchers to study diverse biomechanisms. By labeling a variety of biological components with nanodots of a certain colour, this approach also allows for the simultaneous monitoring of many biological events [34].

Gold Nanoparticles for Biomedical Application

      Due to their apparent benefits, gold nanoparticles (Au NPs) have spurred interest in biomedical applications. To begin, we can easily make cage-like, rod-like, spherical, and other shapes of Au NPs with diameters ranging from 1 nm to bigger than 100 nm. The optical and electrical characteristics of Au NPs are influenced by their shape and size [35]. Second, because Au NPs have a negative charge, a wide range of biomolecules, such as medications, genes, and targeting ligands, can easily functionalize them [36]. Finally, Au NPs are non-toxic and biocompatible [37]. Fourth, Au NPs have a unique surface effect, a macroscopic quantum tunneling effect, a very small size, and SPR bands. Due to all of these exact properties, Au NPs are the most promising material for a variety of biological applications, including biosensing, drug transporters, molecular imaging, and so on. In the therapy of endocellular diseases, Au NPs conjugated with therapeutic molecules play a significant role [38]. Antibiotics and other medicinal substances can form direct ionic or covalent bonds with Au NPs, or they can be absorbed physically. For example, methotrexate has been conjugated to 13 nm colloidal Au [39]. Au NPs can also be used as nanocarriers for protein delivery. The interfacial interaction between protein and Au NPs has important implications for Au NP applications in biology and biomedicine; for example, Au NPs functionalized with chitosan can be used to deliver insulin [40].

Drug stability testing in space
On Sunday 21 February at 04:06 am Adelaide time, Northrop Grumman’s (NG) Antares rocket launched from NASA’s Wallops Flight Facility, Virginia, heading for the International Space Station (ISS), carrying with it an Australian-based space medicine experiment. Officially titled “Pharmaceutical Excipient Ingredient Stability in Microgravity”, this intriguing experiment is being coordinated by researchers and scientists from the University of Adelaide. It was transported to the ISS as part of the NG-15 mission, together with 4-tonnes of cargo that included multiple technology demonstrations, crew supplies, and vehicle hardware. Sixty pills of Ibuprofen (a non-steroidal anti-inflammatory medicine often used for pain management) will be affixed to the outside of the ISS for six months, exposing them to space radiation and microgravity as part of the experiment. They will then return to Earth in a re-entry capsule to be analyzed. “One day pills might have to withstand being taken from Earth to Mars and back again to help keep astronauts healthy, so we need to know how they will be affected by one of the harshest environments known: space,” said the University of Adelaide’s Professor Volker Hessel, Research Director of the Andy Thomas Centre for Space Resources and Professor in the School of Chemical Engineering and Advanced Materials. It has been shown that some medications on the ISS degrade more quickly than those on Earth. 

This means that the component of the drug which does its job on the human body, also known as the active ingredient, has been measured in smaller amounts after spaceflight compared to a ground-based control. For longer-duration missions, this degradation issue can be concerning, since astronauts would depend more heavily on the efficacy of these drugs. The proposed solution by The University of Adelaide and its collaborators is to modify the excipients, which is the name given to the non-active ingredients of the drug, including its binding agents, coatings and colours (Figure 3). 

Figure 3: Testing drugs in space.
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For example, heavier compounds, such as iron oxide or titanium oxide, may serve as a protective shield for the active ingredient against the space radiation which penetrates the spacecraft walls. The excipients have been chosen not only to be radio-protective for the active ingredient, but have also been chosen based on their abundance on the Moon in anticipation of the possibility of using lunar materials in-situ (ISRU) to manufacture these drugs in the context of a future lunar settlement. The ‘space-ready’ formulation contains added excipients including silica, talcum, iron oxide, titanium oxide, flavors, and calcium phosphate, all of which can be found on the lunar surface [41]. Stability testing of pharmaceuticals in space is of utmost importance to ensure long term usage of the medicine in space.
In another experiment, conducted by Wyle Integrated Science and Engineering Group, Texas Medical Center in association with NASA, four payload groups were sent to the International Space Station for a fixed period of days. Each kit consisted of Solid dosage forms (24 in number), Semisolid dosage forms (7 in numbers) and Liquid dosage forms (4 in numbers). After the drug formulations were evaluated, no major changes in the physical appearance were noticed. There was a slight physical deformity noticed in the semisolid dosage form. Apart from them individually, there was noticeable discoloration of Amoxicillin tablets and liquefaction of Ciprofloxacin Ophthalmic ointment. Clotrimazole cream showed distinct phase separation. In terms of chemical degradation, the testing showed that the formulations did not meet the content requirement of API as per USP limits. Only about 27% of the solid dosage formulations were within the acceptance limit after around 880 days of storage in flight at the International Space Station (Table 1).

Table 1: Different dosage forms being sent to space
	Payload
	Drugs Used

	Payload 1
	Promethazine Suppository

Triacinolone Cream

	Payload 2
	Acyclovir Tablet

Amoxicillin Tablet

Ciprofloxacin Tablet

Ciprofloxacin Ophthalmic Ointment

Dextroamphetamine Tablet

Levothyroxine Tablet

Metronidazole Tablet

	Payload 3
	Dextroamphetamine Tablet

Imipenem Powder

Levothyroxine Tablet

Promethazine Suppository

Silver Sulfadiazine Cream

Triamcinolone Cream

	Payload 4
	Amoxicillin Tablet

Ciprofloxacin Ophthalmic Ointment

Fluconazole Tablet

Imipenam Powder

Silver Sulfadiazine Cream

Sulfamethoxazole Tablet


Out of the entire drug candidates sent to space only Acyclovir and Metronidazole had an expiration date beyond the fixed study period. Dissolution test were performed for all the dosage forms in two groups, that is ground control group and ISS payload groups. It was confirmed that the expected drug output was way lower than the mentioned label claim and the drugs degraded way before their mentioned expiry dates. The reduction in potency is caused by the microgravity environment and the non-avoidable effects of radiation. Conventional dosage forms may not be the absolute best choice when it comes to using drugs in space, hence nanotechnology-based formulations must be studied and developed for the future space missions [42]. 

Packaging and storing recommendations
Pharmaceuticals are usually stored in opaque, amber-colored plastic or glass containers that may absorb UV radiation at wavelengths up to 470 nm to prevent photo degradation. Still, further precautions must be made to safeguard pharmaceuticals from the many forms of radiation found in space [43]. The energy that a physical item obtains when it is invaded by a charged particle is responsible for the effects of radiation. When compared to what astronauts on the ISS are exposed to now, the energy of ionizing radiation in the deep space environment is considered to be five times more severe. Pharmaceuticals may be degraded as a result of this radiation. Resupply capabilities, such as those capable of replenishing deteriorated food and medical supplies, will, however, be impractical for future Mars voyages [44]. The energy that a physical object receives once it is infiltrated by a charged particle is responsible for the effects of radiation. When compared to what astronauts on the ISS are exposed to now, the energy of ionizing radiation in the deep space environment is considered to be five times more severe. Pharmaceuticals may be degraded due to radiation. Resupply capabilities, such as those capable of replenishing deteriorated food and medical supplies, will, however, be impractical for future Mars voyages [45]. Compacted lunar soil samples have shown shielding qualities against space-like radiation conditions, and a barrier built of this soil material could be a solution to limit radiation damage to pharmaceuticals in scenarios that need pharmaceutical storage on the Moon. Future research should look into the potential of Martian soil for comparable uses [46]. Both pre-established and deployable "just-in-time" barriers have been proposed as suitable radiation shielding systems for in-flight storage. By limiting crew exposure to radiation, such structures will reduce DNA damage, cancer, and other health hazards, as well as the need for additional pharmaceuticals to treat these problems [47]. 
Pharmaceuticals stored in or transported to these protected regions will also be exposed to lower levels of radiation. Some ideas propose leveraging available mass—such as food supplies, water, and compacted trash to offer shelter on an as-needed basis rather than transporting more mass for the sole purpose of radiation shielding in order to achieve minimal mass and volume for this type of protective system. One concept proposes that astronaut crew quarters be made of water fillable structural panels, which would provide additional water storage capacity as well as deployable radiation protection in the event of a SPE. Despite the development of predictive models for such solar events, insufficient forecasting capabilities may limit the effectiveness of such deployable barriers, as they may not be established in time. Furthermore, deployable barriers will not shield crew members or drugs from GCR, which is a continuous source of radiation. Secondary particles created by radiation travelling through barriers and packaging material may interact with the medications inside. Several polyethylene types including boron, water, and tungsten may be effective at absorbing primary radiation and preventing secondary radiation. Boron carbide composites, in particular, are lighter than traditional aluminum shields and have better tensile qualities than high-density polyethylene. Although labeled shelf life estimates presume pharmaceuticals are protected from the environment by their original packaging, certain spaceflight medications are repackaged in specialized containers prior to flight. This bespoke packaging saves space and weight, but it may compromise pharmaceutical stability by changing exposure to heat, light, humidity, and gases; the packaging may also interact with pharmaceuticals. Previous research has linked repackaging to rapid drug deterioration, while the consequences of repackaging on pharmaceutical stability are yet unknown [48]. 

Future of space travel
For centuries, the desire to explore the unknown has been a driving force for mankind’s innovation. Such explorations are generally undertaken to increase scientific knowledge, extend human presence, acquire natural and economic resources, and to inspire others in the process. Deep space exploration is no exception. The National Aeronautics and Space Administration (NASA) has emphasized that one of its main strategic objectives is to “Extend human presence deeper into space and to the Moon for sustainable long-term exploration and utilization”. In accordance with this objective, NASA has announced the Artemis missions. The goal of these missions is to send astronauts to the Moon by 2024; beyond this date, NASA aims to create Artemis Base Camp and additional infrastructure on the lunar surface to establish a sustainable lunar presence by the year 2028. Furthermore, these lunar missions will serve to aid and validate the possibility of future deep space missions and the overarching goal to send manned missions to Mars by the 2030’s.

CONCLUSIONS

Before analyzing possible solutions, a number of knowledge gaps must be filled in attempt to comprehend the specific limitations of current therapeutic agents and to determine what qualities are needed in ideal treatments. Currently, there's really insufficient published information on these topics; relevant government entities, the private sector, and international partners should be activated immediately to identify and prioritise these and other similar issues, so that necessary investigations and solutions can be executed in time to support upcoming space missions. It would also be advantageous to clarify and expand on the ways in which the general public can engage in such efforts in order to promote innovation through crowd sourcing. In the next 20 years, safe and effective pharmaceuticals will support astronaut health and so play a prominent part in strengthening the probability of successful missions, if we expect to accomplish our aim of expanding human presence farther into space.
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