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Abstract—Modern microfluidic technologies play an important role in scientific research, medicine, phar-
macology, ecology, and biotechnologies and nanotechnologies. The significance of microfluidic processes
within bioinspired technologies and their potential for the development of new methods and applications is
considered. An important advantage of microfluidic technologies is the ability to work with very small vol-
umes of liquid or gas, which allows one to reduce the consumption of reagents, increase the sensitivity and
accuracy of analysis, and shorten the time of analysis, processing, and obtaining of samples. Advances in
microfluidic technologies, their advantages and potential applications, as well as prospects for the develop-
ment of this field are described.
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Microfluidics is a promising field of scientific
research that studies the behavior of liquids at the
microscale and nanoscale. This technology has found
wide application in various fields, including medicine,
analytics, pharmacology, ecology, the research of bio-
logical systems, and nanotechnology. Let us consider
the significance of microfluidic processes within the
framework of bioinspired technologies and their
potential for the development of new methods and
applications.

Microfluidics is a field of knowledge at the inter-
section of physics, chemistry, biology, and engineer-
ing, which studies the behavior of liquids and gases at
the microscale and nanoscale. Microfluidics uses
miniature channels, structures, and devices that can
be used to monitor and control ultra small f lows of liq-
uids and gases.

Microfluidics emerged in the late 1980s and has
become one of the most actively developing research
areas since then. It has found application in such
industries as nanotechnology and biotechnology,
pharmaceutics, medicine, analysis and quality con-
trol, energetics, and others.

One of the important features of microfluidics is
that it allows one to work with very small volumes of
liquid or gas, which reduces the consumption of
reagents and increases the sensitivity and accuracy of
analysis, and also shortens the time of analysis, pro-
cessing, and obtaining of samples: for example, when

using traditional methods, a new material appears
within a few years, while microfluidic technologies
shorten this period to months.

The use of microfluidics in medicine, for example,
allows one to develop new methods for diagnosing and
treating diseases, creating portable medical devices for
rapid diagnostics, improving processes of biomanu-
facturing, etc. Microfluidics is also used in the devel-
opment of microsystems for detecting harmful sub-
stances, analyzing the composition of food products,
the quality control of water, and other areas.

Over the past few decades, microfluidics has been
closely intertwined with disciplines such as chemistry,
biology, and materials science and plays a significant
role in the development of bioinspired technologies
that recreate, copy, and imitate natural phenomena
and structures.

The effective control and analysis of microfluidic
processes can be replicated and optimized according
to natural principles and the laws of nature. Let us note
the promising applications of microfluidic processes
in various fields.

Medicine. Microfluidic technologies allow one to
develop devices for diagnosing and monitoring dis-
eases, as well as for drug delivery. This opens up
opportunities for more precise and personalized med-
icine [1].

Biotechnology. Microfluidics is used to develop bio-
mimetic devices that can analyze biological samples
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Fig. 1. Microfluidic natural systems.
such as blood or tissue and conduct studies in the field
of biomedicine and gene therapy [2].

Analytics. In the field of analytics, microfluidic
technologies are used to perform precise analyses of
biological and chemical samples, which can improve
diagnostic and monitoring processes [3].

Pharmacology. Microfluidic devices can be used to
study the effects of drugs at the cellular level, as well as
to create new ways of drug delivery [4].

Ecology. Microfluidic technologies can help moni-
tor water quality, analyze contaminants, and study the
behavior of microorganisms in the environment [5].

Water treatment. Bioinspired technologies in
microfluidics can be used to develop more effective
methods for purifying water from pollutants and
microorganisms [6].

Agronomy. Microfluidic technologies can be used
to analyze soil and plants and improve methods of
their treatment and care [7].

Nanotechnology. In the field of nanotechnology,
microfluidics can be used to create nanoparticles,
nanoreactors, and other nanomaterials [8].

Energy production. Microfluidic technologies can
be used in the development of new methods for energy
conversion, including solar panels and fuel cells [9].

Telecommunications. Microfluidic processes can be
applied to create microfluidic devices for signal trans-
mission and processing, which opens up opportunities
for the development of more compact and efficient
communication technologies [10].

Energetics. Microfluidic systems can be used to
develop microturbines or microgenerators. They can
help improve energy efficiency and reduce excessive
resource consumption [11].

In addition, microfluidic processes have prospects
for application in the space-research industry [12].
Because of their ability to work with small volumes of
liquid, they can help create microreactors and micro-
biolabs for analyzing samples in space.

Animals and plants use microchannels to transport
nutrients, f luids, cells, and molecules over long dis-
tances (Fig. 1). For example, the cardiovascular sys-
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tem with larger arteries, veins and smaller capillaries,
as well as the lymphatic system, are used to transport
fluid in an adult [13]. The dimensions of the channels
in the cardiovascular system range in diameter from
5 μm to 4 mm and can be about 100000 km long in an
adult. The entire vascular system is subjected to
mechanical stress. For a long time, researchers have
sought to understand not only the nature and proper-
ties of blood vessels, but also the complex behavior of
blood and its components f lowing through the human
body. Nowadays, the use of microfluidic devices to
mimic natural systems allows one to obtain informa-
tion about cellular and molecular processes in such
complex systems with increasing precision.

The review [14] provides a detailed description of
the history and modern versions of lab-on-a-chip
technologies, which allow one to accurately reproduce
the dimensions, mechanical properties, and biological
complexity of vascular systems. The application areas
include the detection of pathological changes in red
blood cells, leukocytes, and platelets with high sensi-
tivity and the ability to evaluate the effectiveness of
drug treatment. Recent efforts have focused on devel-
oping microfluidic devices suitable for reproducing
complex diseases such as thrombosis. The increasing
complexity of microfluidic models will further give
them greater clinical relevance and may eventually
lead to the use of microfluidic vascular models in clin-
ical applications.

The review [15] considers the progress and chal-
lenges currently faced by researchers in developing a
new class of portable therapeutic artificial lungs based
on microfluidic devices. The precise reproducibility of
functions can be implemented due to the sizes of ele-
ments and blood-channel designs that closely mimic
those found in their natural counterparts. They can
have a much smaller surface area and volume than
those of current clinical technologies, thereby reduc-
ing the device size and foreign-body response; contain
branched networks of channels, copying the basic
characteristics of those in the human lungs, improving
biocompatibility; work effectively with room air, elim-
inating the need to use gas cylinders; have biomimetic
 2024
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hydraulic resistance, allowing operation at natural pres-
sure and eliminating the need for blood pumps; and pro-
vide increased gas-exchange capacity. If all of these ben-
efits are implemented in microfluidic devices and the
remaining challenges are resolved, artificial lungs could
revolutionize the field of pulmonary rehabilitation.

Plants also have a complex vascular system of cap-
illaries that transports water and nutrients [16]. For
example, channels in leaves, which are the main organ
for photosynthesis in plants, can deliver nutrients to
the rest of the plant. This feature was used in [17] to
create artificial systems with built-in microfluidic
channels and an improved ability to respond to envi-
ronmental changes. Plants respond to environmental
signals through movement, which inspired researchers
to incorporate temperature, humidity, and light-sensi-
tive materials into a device with foldable geometry.
The principle underlying such a convertible microsys-
tem can potentially be extended to applications that
require interactions between the environment and
devices, such as dynamic artificial vasculature and
shape-adaptive f lexible electronics.

These are just a few examples of the prospects for
the application of microfluidic processes. To fully
realize this potential and achieve this, some technical
and technological challenges must be overcome.
Some of these include the control and management of
microscale f lows, liquid distribution on small surfaces,
and the integration of microfluidic systems with other
technologies, as well as the use of artificial intelligence
and machine learning to more precisely control the
developed devices. With the development of technol-
ogy, the ability to create more complex microfluidic
systems is improving, which opens new horizons for
their use in bioinspired technologies.

Microfluidic processes play an important role in
the development of bioinspired technologies. Their
ability to copy natural physical and chemical processes
opens up broad prospects for the development of
innovative methods and technologies that can become
indispensable in medicine, analytics, pharmacology,
biotechnology, ecology, and other significant fields.
The study and application of microfluidic processes in
bioinspired technologies plays a key role for the scien-
tific community, the rapid development of science in
the context of new challenges, and threats faced by
Russia. Overcoming these challenges will ensure the
technological sovereignty of Russia.
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