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Abstract Microfluidic chip, also known as Lab-on-a-Chip (LOC), represent a cutting-edge technology
that enables the precise manipulation of small volumes of liquid at the microscale. In recent years, this
innovative technology has garnered significant attention for its potential to revolutionize life science re-
search in vitro. Particularly in the fields of drug screening and in vitro diagnostics, microfluidic chips of-
fer remarkable advantages, including high throughput and high sensitivity, allowing for the rapid and ac-
curate analysis of large numbers of samples. Moreover, these chips can be engineered to simulate the

complex microstructures, microenvironments, and physiological functions of specific human organs, pro-
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viding researchers with a powerful tool to study biological processes in a controlled and highly specific
manner. Characterized by their compact size, minimal sample consumption, short analysis times, and
low power requirements, microfluidic chips are especially well-suited for space science experiments, where
resources are often limited and environmental conditions are highly complex. In space research, animal
models may exhibit significant individual differences, and single-cell models often fail to accurately simu-
late the complex in vivo environment. Microfluidic chips effectively address these limitations by offering
a more controlled and representative experimental platform. They can simulate the physiological condi-
tions of human organs with greater accuracy and reliability compared to traditional models, making
them an invaluable tool for space life science research. This article provides an overview of the develop-
ment history, fabrication technology, and fluid loading methods of microfluidic chips. It traces the evolu-
tion from early concepts to today’s complex devices, discusses various fabrication techniques with their
respective advantages and application scenarios, and explores loading techniques that ensure precise flu-
id control within the chip. Beyond these, the article also highlights the application of microfluidic chips
in both terrestrial and space life sciences. From the aspects of drug screening, in vitro diagnostics, and
organ-on-a-chip, it focused on how chips can advance life science research. In the context of space re-
search, the article discusses how chips can be utilized to study the effects of microgravity on cell behavior,

tissue development, and other biological phenomena. It provides a comprehensive reference for the broad-

2025, 45(2)

er application of microfluidic chips in space life science research.
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Chip based on the cellular level. (a) Integrated microfluidic chip with concentration gradient generator

and cell culture chamber, (b) microfluidic chip for droplet-based drug screening
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In vitro detection and diagnostic chip. (a) Microfluidic system integrated with airborne bacterial capture

enrichment chip and immunoassay chip. (b) Squeeze-driven hoses and the integrated microfluidic chip. The hoses

contain lysis buffer, wash buffer, RPA buffer, and running buffer respectively. (¢) NICHE enables removal of WBCs,

capturing CTCs, delivery of DNAT probes into living CTCs through the nanopore-enhanced electrodelivery

technique for intracellular mRNA relative quantification, and analysis of CTC behaviors in response

to immune cells for immunotherapy response prediction. (d) An integrated microfluidic device designed

for single-cell MALBAC reactions, showing fluid channels (purple) and control channels (magenta)
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(a) A Lab-on-a-chip portable detection system, consisting of a reader and a swabbing system, is used to de-

tect microorganisms on the surface of objects in the cabin. (b) Expedition 14/15 flight engineer

dispense samples to a lab-on-a-chip portable inspection system on the space station (Image courtesy

of NASA). (¢) Six Nortis Triplex chips are integrated into the KCPP perfusion platform.

(d) The Nortis Triplex chip. (e) Skeletal muscle biomimetic tissue chip
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(a) PCR chip design, (b) IGM-BIT-1 payload on the International Space Station,

(c) cell co-culture microfluidic chip, (d) cell culture and analysis payload
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