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How spacefaring is helping us to improve 
human health on Earth

Adeel NASIR, Ph.D.

Adeel NASIR, Ph.D.
Scientific Advisor, SpaceBorn United



GravityandLightsensingmechanismin unicellularorganismsEuglenagracilis

Biologicallife supportsystemfor spacetravel

Details of identified floating object

Name: AdeelNASIR(Ph.D.)
Profession: Biologist
Passion: Spacebiology
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You may call me a Rocket Biologist

Space biology research Drug development



Life science R&D Project consultant
(Remote)

Project
Development of mini lab for  Assisted 
reproductive technology in space (ARTIS).

Life science R&D Advisor
(Remote)

Services
Ễ Experimental design
Ễ Payload development
Ễ Devise strategies for biofabricationin 

microgravity

Podcast 
(Based in France) 

https://www.youtube.com/@RocketBiologist
Ễ Talking to experts 
Ễ On a mission to promote space biology 

research across the world and especially 
for non-space faring countries.

Rocket Biologist
Launching soon
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You may call me a Rocket Biologist

Intercontinental engagements

https://www.youtube.com/@RocketBiologist


1600:British East India company

Reddragon
Ễ Hector
Ễ Ascensionr

1602: Reddragonat AchenIndonesia

1608August: Hectorat SuratIndia

Edward John Waring(14 December 1819 ς22 
January 1891) was a Fellow of theRoyal 
College of Physicians of London

Source: https://www.youtube.com/@DekhoSunoJano 5

Human exploration on Earth and in space: Its impact on medicine

Age of colonization on Earth for resources

https://en.wikipedia.org/wiki/Royal_College_of_Physicians_of_London
https://en.wikipedia.org/wiki/Royal_College_of_Physicians_of_London
https://en.wikipedia.org/wiki/Royal_College_of_Physicians_of_London
https://www.youtube.com/@DekhoSunoJano


Lunar BaseDestination Mars

Credit: ESA
Rapp 2018
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Human exploration on Earth and in space: Its impact on medicine

Age of colonization of other planets for resources

https://link.springer.com/book/10.1007/978-3-319-72694-6


Berliner et al., 2022

Space bioprocess engineering (SBE) challenges

Liu et al., 2021

Berliner et al., 2024
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Human exploration on Earth and in space: Its impact on medicine

Biology as a tool for sustainable existence off Earth

https://doi.org/10.1038/s44172-022-00012-9
https://www.sciencedirect.com/science/article/pii/S204604302100006X
https://www.nature.com/articles/s41526-024-00354-y


Space stations 

Mir (1986 to 2001)Skylab (1973 to 1974) 

International space station  

(1998-present)

Tiangong 

(2021-present)

Barthel and Sarigul-Klijn 2019

Locations of space stations
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Human exploration on Earth and in space: Its impact on medicine

Learnings from space

https://doi.org/10.1016/j.paerosci.2019.100553


Milojevic and Weckworth., 2020

Mohanta et al., 2021

HumanMicrobes

Plants

Consequences at the cellular level

Wani et al., 2024

Prasad et al., 2020
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Human exploration on Earth and in space: Its impact on medicine

How Earth based life respond to space conditions

https://doi.org/10.3389/fmicb.2020.00923
https://doi.org/10.3389/fpls.2021.771985
https://spj.science.org/doi/10.34133/space.0123
https://www.sciencedirect.com/science/article/pii/S0734975020300690
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B Miller 2024Source NASA: Holoportation of Doctors on ISS. Wani et al., 2024
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Human exploration on Earth and in space: Its impact on medicine

Strategies to Counter the Effects of Space on Human Health

https://kids.frontiersin.org/articles/10.3389/frym.2024.1225146
https://www.nasa.gov/humans-in-space/innovative-3d-telemedicine-to-help-keep-astronauts-healthy/
https://spj.science.org/doi/10.34133/space.0123


Drug development

Drug repurposing

Biofabrication

Curiosity

Creativity

commercialization

Metformin: From Curing Diabetes to Radioprotection

Ramadan 2021

Siteniet al., 2024

Ruyters& Betzel ., 2017

Microbiome and antimicrobial research

Madrigal et al., 2022
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Human exploration on Earth and in space: Its impact on medicine

Roadmap for the use of space environment for the improvement of human health

https://www.frontiersin.org/journals/medical-technology/articles/10.3389/fmedt.2020.607648/full
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0307598
https://link.springer.com/chapter/10.1007/978-3-319-64054-9_2
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-022-01332-w


Space Insider 17 June 2024

KEYTRUDA

Use: FDA approved drug for immunotherapy

Nature of molecule: Monoclonal antibody

Type: Biologics

Success story
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Human exploration on Earth and in space: Its impact on medicine

Commercial players

https://spaceinsider.tech/2024/06/17/charting-the-space-biotech-landscape-a-look-at-the-industrys-key-players-and-emerging-trends/


Platforms ISS

Prasad et al., 2020
Prasad et al., 
2020

Ferranti et al., 2021

Small satellite (Cube sat)

Short term real and simulated microgravity Long term Real microgravity
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Human exploration on Earth and in space: Its impact on medicine

How and where one can perform experiments in microgravity both on Earth and beyound?

http://doi.org/10.1016/j.biotechadv.2020.107572
http://doi.org/10.3390/app11010068


Do you have the next big idea to transform human health through space?

Person of interest (POI)
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Human exploration on Earth and in space: Its impact on medicine



Conclusion and outlook

kardashev.fandom.com

We don't reinvent the wheel, spin it differently

We don't need to reinvent the wheelτjust spin it differently

[ŜǘΩǎ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ǘƻ ƪŜŜǇ 9ŀǊǘƘ ŀƴŘ ǎǇŀŎŜ colorfulfor a 
brighter future for humanity

Courtesy:CNN
Courtesy:WorkShack
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Human exploration on Earth and in space: Its impact on medicine

https://kardashev.fandom.com/wiki/Rotating_wheel_space_station
https://edition.cnn.com/interactive/2021/06/world/space-astronauts-of-color-nasa-jaxa-scn/
https://www.wowshack.com/indonesian-women-in-space-the-astronauts-you-need-to-know-about/




Beyond Earth, Beyond Limits
Antariksh Parichha

Co-Founder & CEO, Serendipity Space



MISSION

01

Accelerate drug development on Earth by 
processing pharmaceuticals in microgravity.

We are building small reusable satellites to 
process pharmaceuticals in Low Earth Orbit, 

and bring them back to Earth.



THE STATUS QUO
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Drug Development on Earth takes 
painfully long and costs billions of 
dollars.

ÅTime : 10-15 years to develop a 
new drug.*

ÅCost : $2 Billion - $3Billion USD 
per drug.

ÅFailure rate : 90%

*Why 90% of clinical drug development fails and how to improve it?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9293739/


THE PROBLEMS
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ÅUnsuccessful crystallization.

ÅNon-uniform particle size and poor solubility.

ÅLow quality formulations, high viscosity for 
high concentration doses.

ÅRepeated trial and error for years.



INDUSTRY SECRET: SPACE AS A PLATFORM FOR PHARMA
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No Sedimentation No convection currents No buoyancy
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THE VALUE CHAIN

Microgravity 
Pharmaceutical Production

Microscale

Macroscale

Structure Based 
Drug Design

Crystal form 
selection

High dosage 
concentrations; 

Enhanced formulations



COMMERCIAL SUCCESSES : STRUCTURE BASED DRUG DESIGN
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Carna Biosciences

MAP2K7 Protein

1.3 Å  obtained from space, solved 
structure based design, identified 

novel inhibitors. 
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Taiho Pharma

Å Drug development enabled by co-

crystallization of H-PGDSwith drug 

molecule. Discovered novel inhibitor.

Å Drug now in Phase III CT.

COMMERCIAL SUCCESSES : STRUCTURE BASED DRUG DESIGN
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COMMERCIAL SUCCESSES : MACROSCALE PRODUCTION

aŜǊŎƪΩǎ YŜȅǘǊǳŘŀ

Crystalline suspension for SC administration, 
recreated a version on Earth, in Phase III CT.

{ŎƘŜǊƛƴƎ tƭƻǳƎƘΩǎ LƴǘŜǊŦŜǊƻƴ ŀƭǇƘŀ

Crystalline suspension for SC administration, tested in 

Cyn. Monkeys. Stable formulation for over 2 years.
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THE ALCHEMY BOX : STRUCTURE BASED DESIGN

PROTEIN AND SMALL MOLECULE 
CRYSTALLIZATION

AUTONOMOUS PRODUCTION IN 
SPACE & RETURN TO EARTH

SCALABLE TO MULTIPLE 
SAMPLES
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THE ALCHEMY BOX : FORMULATIONS

BATCH CRYSTALLIZATION AND PARTICLE 
SIZE CONTROL

AUTONOMOUS PRODUCTION IN 
SPACE & RETURN TO EARTH

SCALABLE TO KG SCALES



11

MISSION PLAN
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MEET THE TEAM

Jivitesh Debata
C TO,  C O-FOUNDER

M . S c .  Ro b o t i c s  &  A I  @  Ro c h e s te r  I n s t .  Te c h no l ogy,  U SA

A u to m a t i on  &  m a n u fa c t u r i ng  @  S e re n d i p i t y  S p a c e

Dr.  Monica Ekal
C h ie f  o f  S p ace  Sys tems ,  C O-FOUNDER

E x-N A SA &  S c i e n t i s t  @  G e r m a n  A e ro sp ac e  C e n te r,  P h . D.  U n i v.  o f  L i s b o n

M i s s i o n  p l a n n ing ,  re-e n t r y,  a n d  i n-s p a ce  o p e ra t i on  @  S e re n d ip i t y  S p a c e

C h i e f  o f  S p a c e  Sy s tem s

Antariksh Parichha
C EO,  C O-FOUNDER

M . S c .  A p p l i ed  P hy s i c s  @  T U M ,  G e r m a ny ;  E x-H y pe r l o op ,  W i n n e r  S P R I N-D  &  

U. S .  D. o . D G ra n t s

B u s i nes s  d eve l opm ent  &  te c h  ro a d m a p  @  S e re n d i p i t y  S p a c e
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ADVISORS

Dr.  SubhabrataSen, FRSC
S c i e n t i f i c  A d v i s o r,  P h a r m a c e u t i ca l s

Fe l low o f  Roya l  Soc ie ty  o f  Chemist r y,  London

Å Ex-Sen io r  &  Sc ient i f i c  Manager  a t  Syngene& P f i ze r  Ind ia

Å Ex-Assoc ia te  D i rec to r  a t  GVK B io

Dr.  Parthapratim Munshi, FRSC
S c i e n t i f i c  A d v i s o r,  C r y s ta l l i za t i on

Fe l low o f  Roya l  Soc ie ty  o f  Chemist r y,  London

Å Sc ient i s t  a t  Oak  R idge  Nat iona l  Lab  fo r  Pro te in  Crysta l log raphy

Å Ex-Assoc ia te  D i rec to r  a t  GVK B io





Impact of off-world 

studies on clinical 

practices on Earth

Suresh Poosala 

DVM MS PhD



INTRODUCTION
Accelerating Translation

Antibodies
Peptides

Cells

Vaccines

Fibrosis model

NAFLD

Oncolytic Virus

Organoids

Immune Tumoroid 

From Cell lines and 

Patient derived 

primary cells

NCEs, Biologics, 

Cells, 

Genes etc.,
33 | Private and Confidential



Key Insights on Keytruda Research 
in Microgravity

1. Understanding Antibody Functionality:

Å Microgravity environments alter the way antibodies 
like Keytruda behave. 

Å For instance, growing larger and more stable protein 
crystals in space provides clearer insights into the 
binding sites of antibodies & interactions with cancer 
cells.

2. Enhanced Drug Efficacy Studies:

Å Microgravity research provides unique insights into 
cell behavior. 

Å Researchers can understand how these cells respond 
to therapies.

Ultrastructural Cellular Changes

34 | Private and Confidential



Key Insights on Keytruda Research in Microgravity

1. Development of Combination Therapies:

Å Microgravity affects the interaction 
between Keytruda + other NCEs. 

Å Development of combination therapies 
that enhance the effectiveness of 
cancer treatments.

35 | Private and Confidential



Key Insights on Keytruda Research in Microgravity

Monitoring Cellular Changes:

Studies have shown that microgravity can lead to accelerated aging in cellular processes (reversible!). By using Keytruda as part of 
research into these processes, scientists investigated how microgravity impacts the immune response and the effectiveness of 
immunotherapy in aging.

36 | Private and Confidential



Pembrolizumab microgravity crystallization experimentation Paul Reichert1*, Winifred Prosise1, Thierry O. Fischmann1, Giovanna Scapin1, 

Chakravarthy Narasimhan2, April Spinale3, Ray Polniak4, Xiaoyu Yang5, Erika Walsh2, Daya Patel5, Wendy Benjamin2, Johnathan Welch5, DenarraSimmons6 and Corey Strickland1 
1234567890()

The research laboratories of Merck (MSD) in collaboration with the International Space Station (ISS) National Laboratory 
performed crystallization experiments with pembrolizumab (Keytruda®) on the SpaceX-Commercial Resupply Services-10 
mission to the ISS. By leveraging microgravity effects such as reduced sedimentation and minimal convection currents, 
conditions producing crystalline suspensions of homogeneous monomodal particle size distribution (39 ˃Ƴ) in high yield 
were identified. In contrast, the control ground experiments produced crystalline suspensions with a heterogeneous 
ōƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ мо ŀƴŘ млн˃Ƴ ǇŀǊǘƛŎƭŜǎ. In addition, the flight crystalline suspensions were less viscous and 
sedimented more uniformly than the comparable ground-based crystalline suspensions.

These results have been applied to the production of crystalline suspensions on earth, using rotational mixers to reduce sedimentation 
and temperature gradients to induce and control crystallization. Using these techniques, we have been able to produce uniformcrystalline 
suspensions (1ς5 ˃ Ƴ) with acceptable viscosity.

37 | Private and Confidential
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Microgravity: A Tool for Protein Drug 
Development JohnPaul O. Enemali et 

al.,

Protein crystals developed in microgravity can produce substantively superior structural information than can be 
acquired from crystals yielded on Earth. 

Absence of sedimentation which prevents protein crystals from plummeting to the bottom of the containers on 
which they are grown as they do on their counterpart ground condition. 

Also, convective flows are also greatly reduced in microgravity and so crystals grown in a much more inert 
environment yield better quality. 

Therefore, space is an excellent environment to study complex, three-dimensional proteins. 

Through this effort, more concentrated and high-quality mixtures that can be administered to patients more 
efficiently are developed as drugs



ü 3D Cell Culture in Microgravity

Å In microgravity, cells can grow in three-dimensional 
structures, more closely resembling their natural 
environment. 

Å This 3D cell diseaseculturesystem provides more accurate 
ƳƻŘŜƭǎ ŦƻǊ ǎǘǳŘȅƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǘŜǎǘƛƴƎ ŘǊǳƎ ǊŜǎǇƻƴǎŜǎΦ

ü Key Insights:

Å Microgravity-induced 3D cell cultures mimic human tissue 
architecture, enhancing the relevance of experimental 
results.

Å These models are particularly useful for studying complex 
diseases and evaluating the efficacy of biologic drugs.

Å The ISS hosts experiments that utilize microgravity to develop 
ŀƴŘ ǘŜǎǘ о5 ŎŜƭƭ ŎǳƭǘǳǊŜ ǎȅǎǘŜƳǎ ŦƻǊ ōƛƻƳŜŘƛŎŀƭ ǊŜǎŜŀǊŎƘΦ
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FEATURES AND
BENEFITS

We aim to help the Pharma
R&Dtake

informed decisions

OUR 

FUTURISTIC 

VERTICAL 

THAT IS TO BE 

EXPLORED IS 

PERSONALIZE

D CANCER 

TREATMENT 

USING PATIENT 

SOURCED 

BIOPSY OF 

SOLID TUMORS
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New Initiatives in our Lab that we are open for Space 
Microgravity Exploration Research

We have 3D printing capabilities in R&D phase in partnership 

with Reagene Bio.

We are venturing into Microphysiological Systems (MPS or 

Organ-on-a-Chip) now.

41 | Private and Confidential



Who's Doing It?

Several organizations are leading efforts in 

creating biologics in space:

ÅNASA and ISS National Lab support 

biotech R&D in space.

ÅMerck, Boehringer Ingelheim, and Axiom 

Space have explored drug development on 

the ISS.

ÅStartups like Varda Space Industries aim 

to manufacture biologics in orbit.

Future Possibilities

ÅSpace-grown personalized medicines

ÅAI + microgravity-based target discovery 
pipelines

ÅBiomanufacturingin orbit for ultra-pure biologics

42 | Private and Confidential



Conducting biomedical research in space presents several 
challenges

1. Technical Limitations

Å Equipment and Instrumentation:  Cost of Transportation

Å Limited Access to Resources: Hinders experimental flexibility and replication efforts.

2. Environmental Control

Å Microgravity Conditions: Fluctuations can occur due to spacecraft movements or operational activities.

Å Radiation Exposure: Can affect biological samples and limit the duration of certain experiments.

3.Biological Variability

Å Unpredictable Cellular Responses: Cells can behave differently in microgravity

Å Replication Challenges: Due to the unique conditions, replicating experiments consistently is challenging.

43 | Private and Confidential



Å Logistical Constraints

Å Crew Time Limitations: Astronauts have limited time available for scientific experiment.

Å Communication Delays: Latency in communication with Earth.

These challenges require innovative solutions and careful planning but also highlight the 
exciting potential of conducting research in microgravity environments, such as the ISS. 
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Flouresence &  Confocal Microscopy 

Biosafety Cabinets 

CO2 incubators 

Biosafety level 2 Grade Cell Culture Rooms 

Liquid Nitrogen Tanks 
Cold Centrifuge

-80, -20, and 4 degrees 

refrigerators

Multi Mode Plate Reader  

AKTA Cytiva FACS CytoFlex Image express
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TEAM IN ACTION
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