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Abstract Authors

Microfluidics, an innovative field thatAnuprabha
blends fluid dynamics, engineering, andssistant Professor
biology, has revolutionized the manipulatioBepartment of Botany
and control of tiny liquid volumes withinGoswami Ganesh Dutta Sanatan Dharma
microscale channels. This abstra@ollege
investigates recent progress in microfluidiector-32, Chandigarh, India.
and its profound impact on analytical ananu857pu@gmail.com
biomedical applications. Compared to
traditional large-scale systems, microfluididnamika Kumari
devices offer numerous benefits, such Assistant Professor
reduced sample and reagent usad@epartment of Botany
heightened sensitivity, and improved contr@oswami Ganesh Dutta Sanatan Dharma
over fluid behavior. These devices consist Gbllege
microchannels, chambers, valves, and punfpactor-32, Chandigarh, India.
created using microfabrication techniqueanamikahpu@gmail.com
allowing precise manipulation of fluids at the
microliter or even nanoliter scale. In the
realms of analytical and biomedical fields,
microfluidics has proven to be a versatile and
potent tool, enabling precise manipulation
and analysis of small-scale fluids. The
integration of microfluidics with other
disciplines and technologies holds great
potential for advancing diagnostics, drug
development, personalized medicine, and
more. Continuous research and collaboration
in this field are poised to drive transformative
breakthroughs in the near future.
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l. INTRODUCTION

The fields of microfluidics and microminiaturize@wce manufacture are related to
the study of fluid behaviour in micro-channels &nel confinement or movement of fluids via
chambers and tunnels, respectively. In microfligdituid quantities as tiny as femtoliters or
one quadrillionth of a litre. On a micrometric sdlluids behave quite differently from how
they do in daily life; these distinctive charactéids are crucial for new scientific research
and inventions. The main idea behind microfluidgs$o include functions that often require
an entire laboratory into a small, straightforwdavice.

Microfluidics is a multidisciplinary field that codbmnes physics, engineering,
chemistry, and biology to manipulate and controbbmolumes of fluids at the microscale
level. In the context of biotechnology, microfludi offers numerous applications and
advantages due to its precise control over flumvfl small sample requirements, high
throughput, and integration of various functionast on a single chip.This technology
enables researchers to perform a wide range obdigal and chemical experiments with
high precision, speed, and efficiency [1].

In biotechnology, microfluidics offers a multitud# advantages over conventional
techniques. The miniaturization of experimentalterys brings several benefits, such as
reduced sample and reagent volumes, shorter raattizes, and enhanced sensitivity.
Additionally, microfluidic devices can integrate fiple functions onto a single chip,
allowing for the automation and parallelization a@mplex experiments, leading to high-
throughput analysis [2]. One of the primary applaras of microfluidics in biotechnology is
the development of lab-on-a-chip devices. Theseiaturized platforms bring together
various laboratory processes, such as sample pteparmixing, separation, and detection,
onto a single chip [3]. Furthermore, microfluidigseems have revolutionized DNA analysis
and sequencing. By utilizing miniaturized reacticimambers, microfluidics enables high-
throughput DNA amplification, sequencing, and ggpotg with reduced costs and time. In
the realm of drug discovery and development, migidits offers powerful tools for high-
throughput screening of compounds, accelerating ithentification of potential drug
candidates [4].

Here are some prominent fields where microfluidias contributed:

1. Diagnostic testing using a "lab-on-a-chip":By combining several analytical procedures
onto a single chip, microfluidic technologies haegolutionised diagnostic testing. With
applications in point-of-care diagnostics, pathogktection, and disease monitoring,
these lab-on-a-chip devices make it possible tdyaeabiological samples quickly,
sensitively, and affordably [5].

2. DNA Analysis and Genomics:Microfluidics has played a crucial role in advarggDNA
analysis techniques. It enables efficient DNA afiigation methods such as polymerase
chain reaction (PCR) by reducing reaction volumed anproving reaction kinetics.
Microfluidic platforms also enable high-throughp@@NA sequencing, single-cell
genomics, and the analysis of genetic variatiohs [6
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3. Cell Analysis and Manipulation: Microfluidic systems provide precise control ovetl
manipulation and analysis. They allow for the swtiseparation, and isolation of cells
based on various parameters such as size, morphotogl biomarker expression.
Microfluidics also enables single-cell analysis|l @ilture, and the study of cellular
behaviour and interactions [7].

4. Drug Discovery and Screening: Microfluidics has transformed the field of drug
discovery by enabling high-throughput screeningaipounds. Microfluidic platforms
allow for miniaturized assays, efficient drug fodation optimization, and toxicity
testing. They also facilitate the development afaoron-a-chip systems that mimic the
physiological environment for drug testing [5].

5. Chemical Synthesis and AnalysisMicrofluidics offers precise control over reactant
mixing, reaction conditions, and reaction kinetiesaking it valuable for chemical
synthesis and analysis. It enables rapid syntledsisinoparticles, microencapsulation of
drugs, and controlled synthesis of complex chemstalctures. Microfluidic platforms
also enable on-chip chemical analysis, such agrgseopy and chromatography [8]

6. Bioengineering and Tissue EngineeringMicrofluidics has contributed to advancements
in bioengineering and tissue engineering. It ersmlihe creation of microenvironments
that mimic the structure and function of tissued argans. Microfluidic devices are used
to study cell-cell interactions, tissue developmeand drug responses in a controlled and
reproducible manner[9].

II. MAJOR INNOVATIONS CONTRIBUTED IN THE FIELD OF MICRO FLUIDICS

Through the use of microfluidics, physical processeluding osmotic movement,
electrophoretic motility, and surface contacts nale place at a size (microns) where they
are more advantageous. Sample sizes, test timdspracedure costs are decreased at the
microscale. Microfluidic devices may interface witibdern techniques and technology. It
has been demonstrated that microfluidics can spgethe hybridization process for DNA
microarray assays. The examination of picomole tes of peptide in a controlled
microenvironment is made possible by the integnatib microfluidics with protein analysis
technologies, such as mass spectrometry. Micrafisiiddaptability will make it easier to use
it in the creation of assays for many biotechnatabfields.

1. "Organ-on-a-chip" for Development of Drug: In terms of advancing biological
research and diagnostics, microfluidics, a techmidgoat allows for the engineered
manipulation of fluids at the submillimetre scal@s shown a lot of promise. In order to
reduce the expense of producing new drugs, exmpertee field of microfluidics are
tackling this issue by creating potentially gamesaing technologyln vivo organ
function is being attempted to be replicated oni@achip by a new class of microfluidic
devices. This brand-new category of so-called "orga-a-chip” technology combines
numerous well-understood microfluidic elements iatgingle in vitro device, enabling
researchers to more accurately mimic in vivo furetfboth in healthy and pathological
states) [5].
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Source: https://link.springer.com/article/10.1007/s13-022-0025¢-4 [10]

2. Genotoxicity Assessment of Biomaterials Using a Miofluidic System: Testing for
genotoxicity is a crucial part oletermining the biocompatibility of novel materi@dsing
created for biomedical uses. However, becauser#uitional genotoxicity test (Ame
test) is cumbersome and sg-intensive, researchers studying biomaterials sel
employ it. One of the studyprides a novel, more straightforward genotoxicityagsthat
operates on a microfluidic chip. Test is quicked arses a lot less resources and rc
Additionally, a microfluidic-based automation alternative with a control systesibeel
developed. This @bles scientists to assess genotoxicity early duhe development (
materials, increasing their patient safety. Thegated a novel method of testing
genotoxicity that substitutes fluorescent taggihdaxcteria for the traditional Ames tes
colony formation procedure. Unlike the traditional tfeahich requires 48 hours
incubation, this approach enables the identificabb mutant bacteria after just 24 ho
[11].

3. A Multi- Functional Microfluidic Injector for Droplet Identi fication: For droplet
synthesis, microfluidics high throughput, accuraagpd affordability make it the be
option. However, identifying and tracking droplessstill difficult.The study exploit:
pressurezontrolled injection to achieve deterministic detplcodirg for droplet
identification and tracking. For ~demand droplet injection and encoding, their sys
consists of a circular electrode and concentridituchannel with several injection por
The scientists employed a cc-coded method to further idefy droplets using an imac
analysis algorithm and pressure pulse regulaticacturately inject droplet componer
The developed platform is very adaptable, small, simple to integrate, and it may
employed in applications that call for multiplld compound screening, combinato
synthesis, or other multistep assays. They creatfidxible and multiplexable dropl
injection, encoding, and tracking platform aintegrated three injectors in a sin
device, all of which can be controlled indiually to perform the omlemand injection c
multiple targets or barcoc [12].
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4. Constructing Synthetic Cells' DNA-based Cytoskeletas: Shape, internal organisation,
cargo movement, and other crucial cell activitigs all under the control of the
cytoskeleton. Designing effective synthetic ceiguires emulating such characteristics
of natural cytoskeletons. Zhan and colleagues edeatsynthetic cell-sized system of a
useful DNA-based cytoskeleton using DNA nanotechgypl and microfluidics. The
technology is made up of self-assembling filameetworks made of DNA tiles that
operate in a microfluidic compartment. Their sytitheytoskeleton had traits shared with
their natural counterparts, including ATP-triggergublymerization and reversible
assembly. Their findings also pointed to autonomecargio delivery via DNA strands.
Overall, this work emphasises how DNA nanotechnpl@nd microfluidics have
enormous promise for creating synthetic cells fribi ground up.This work illustrates
the tremendous potential of DNA nanotechnology angtrofluidics to duplicate
biological systems and create synthetic cells ftbenbottom up[13].

5. Cyclic Preconcentration and Separation of Microorgaisms on Chips: Microfluidic
analytical systems provide distinct benefits ovenwentional laboratory techniques,
including mobility, operator-free operation, on{ehmicro control capabilities, decrease
in analysis time, and dramatically smaller sampidume. Microfluidic systems that
incorporate immunochromatography, polymerase chaaction, droplet reactions,
electrophoresis, and other analytical techniques l|moven to be more effective than
conventional techniques. However, by first sepagaticoncentrating, and purifying
pathogens present in the sample from chemicalsdbstruct the precise detection of
pathogens and the estimation of their concentrstiaihe performance of many
microfluidic assay methods may be markedly enhan8etentists demonstrate on-chip
automatic efficient bacteria separation and preeotration method with the use
of pressure-driven flow-controlled microfluidicshi§ platform performs a fundamental
yet crucial activity with the aid of pressure-dmvéow-controlled microfluidics, which
greatly expands its applicability and scalability].

6. Use of Microfluidics to Dynamically Screen and Prin Single Cells: The fundamental
requirement to print single cells into separatendbers is present in single-cell clonal
proliferation and sequencing using conventionaiimgent, as well as in other single-cell
analyses. Their size depends on their types, apesatand even cell cycle stages.
Individual cells must be printed within the necegssze range in order to do single-cell
analysis. In order to dynamically screen and psingle cells, a microfluidic chip with
pneumatic microvalves is developed and the proeethaluded crucial instructions for
single cell screening and printing (inoculating)oirdifferent cell culture wells. A dual
microvalve mechanism is employed by the proposextatfiuidic chip to screen cells for
size. The dual microvalve system with pressureedriffow control is used by the authors
to dynamically regulate the size of the device.&fieiency of printing single endothelial
cells was found to be 100%. This study shows tleatgootential of the microfluidic chip
with dual microvalves in the field of single-catiaculation for subsequent analyses[15].

7. In a Human Bladder-chip Model of Urinary Tract Infe ctions, Uropathogenic
Escherichia coli are being studied for its Dynamidersistence:A human bladder-chip
model's operation is examined. In addition to eryipig pressure driven flow-controlled
microfluidicsto provide a negative pressure withine bladder-chip, this model
incorporates essential bladder physiology elem#natsare crucial to the early stages of
UPEC infection. The bladder-chip model, which waseloped utilising a platform with
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a pressure-driven flow control mechanism, incorfewathe essential bladder
physiological characteristics that are crucial he tarly stages of UPEC infection. In
addition to administering antibiotics, this platiolis appropriate for long-term live-cell
imaging. The results unmistakably reveal that thedel is applicable to immunological
and drug delivery research and that IBCs are reatdykdynamic structures that offer
adequate resistance to antibiotic clearance farable period of time[16].

8. Development of a droplet-based microfluidic test fo the assessment of the
cytotoxicity of natural killer cells: In order to develop a useful method for calculating
and assessing the cytotoxic potential of NK-92scétiwards target cells, a technique
known as a droplet-based microfluidicis investigaté/ith the aid of pressure-driven
flow-controlled microfluidics, accurate droplet sizontrol and pulseless flow control is
made possible. The cytotoxic activity of NK-92 seld assessed in this study after they
are enclosed with haematological tumour cell limesvater-in-oil droplets of various
diameters. This microfluidic cytotoxic test alsasiated in identifying certain cells with
multi-target killing capacity. The experiment mag keadily repeated since the pressure-
driven flow controller, Elveflow OB1 MK3+, makes miolling the droplet size a smooth
operation. Cell-based immunotherapy and other gtstéor biological and medical
research are determined to be the real-world agtpdias for this technology[17].

9. Generation of core-gap-shell microcapsules for stigli responsive biomolecular
sensing:A variety of engineering applications, includinghsers, actuators, medication
delivery, and catalysis, might greatly benefit frtime intricate design features of stimuli-
responsive microparticles encapsulating importamnblecules. Thermoresponsive core-
gap-shell (TCGS) microcapsules constructed of poigopropylacrylamide (PNIPAmM)
are used in this study to encapsulate hydrophidglgads in a straightforward and
reliable manner. A supersaturated aqueous solafibhPAm is used to phase separate in
a one-step microfluidic method to realise thesdsfaBy individually controlling the
swelling or by integrating pH-responsive co-monasnarthe inner core and outer shell, a
variety of microcapsule designs may be producedolNarticles that resemble cargo can
be placed in the gap, or the area between the aarerand outer shell. Smaller molecules
from the external solution may be transported tghothe outer shell, which responds to
stimuli. This study demonstrates the suitabilityT@GS microcapsules as temperature-
controlled glucose sensors and their potentiaidarathe development of programmable
enzymatic processes. The suggested platform offerechnique to create a new
generation of microparticles with potential appticas in several technical fields[18].

10. Microfluidics-based DNA Protection from Mechanical Stress: A quite remarkable
feature of our tissues and cells is their abildyendure mechanical stress in our daily
lives. Any stretching, pulling, or compression abydotentially lead to cell and tissue
rupture and DNA damage, but this type of damagars. This raises the question: what
are the mechanisms protecting our genome and frells such external challenges?
Recently, a team led by Sara Wickstrom from thevesity of Helsinki's Wihuri
Research Institute and Helsinki Institute of Lifeiéice conducted a thorough study of
the mechanisms regulating DNA preservation in raspoto mechanical stress. The
authors demonstrate how cells and tissues form givgsiologically and temporally
separate mechanisms for DNA protection and genamegrity preservation using a
variety of biomechanical and microfluidics reactdlsat can imitate stretching and
compressionn vivo. Together, results show that nuclei rapidly rediaceina-associated
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heterochromatin at the nuclear periphery near thelear envelope in response to
mechanical stress in order to prevent DNA damade[19

Dynamic Single Cell Screening:Single cell screening helps us discover mechanisms
which are not necessarily evident in bulk cell dapans. Isolation and inoculation of
single cells into separate culture chambers is @ keguirement. Several highly
sophisticated methods like fluorescence-activatdtsorting (FACS), Raman tweezers
and laser capture are currently being used forlesingll isolation. The authors offer a
sophisticated method for screening single cells iaodulating them into different cell
culture wells. A dual microvalve mechanism is usethe suggested microfluidic chip to
select cells according to their size. To enable-biased cell screening, two nearby
pneumatic microvalves were linked to a programmabéssure controller. Based on the
pressure applied at each valve, the upper and |bmeés for the cell screening may be
dynamically regulated. The screening of individbehads and endothelial cells, as well as
their subsequent printing into well plates, is show be 100% effective. In order to
dynamically adjust the size limitations of the sdib be screened, the scientists used a
pressure driven microfluidics with dual microvalsgstem. It is discovered that printing
individual endothelium cells was 100% effective.rtharmore, the investigations on
proven viability show that there is little cell dage[20].

Multivesicular Microfluidic Vesicles for the Creation of Synthetic Cells and Drug
Delivery: Multivesicular vesicles (MVVs) are vesicles-in-vdsi systems that are non-
concentrically organised and can be created fronphghiles that form bilayers.
Although MVVs can develop spontaneously, these angfrical structures are often
created on purpose via directed molecular assembttprding to a number of well-
established techniques. This succinct study adeseise microfluidic technology for
producing MVVs and its present uses for medica@aministration or systems that
mimic cells. Multivesicular microfluidic vesiclesrea potential instruments for the
development of artificial-cell-like systems resdaand drug delivery systems. They offer
additional protection for liposomes in the circidat during medication delivery while
enabling fine-tuning of the system for improvedeese while taking into account the
characteristics of the drug and administration @otihey closely mimic biological cells
in artificial cell-like systems, making it possible investigate limited reaction systems
and more intricate cellular behaviours like divisend RNA transcription [21].

DNA-mediated Charge Amplification and the Electroknetic Sandwich Test:For the
first time, an electrokinetic immuno-sandwich tasing the streaming current approach
of signal transduction is proposed by the authotfis work. Better target selectivity and
a linear concentration-dependent response are daovior targets with concentrations
between 0.2 and 100 nM. Additionally, the potent@l signal enhancement by DNA
conjugation is investigated on a theoretical angeexental level. DNA lengths are
shown to clearly and consistently increase theatiete signal. Target identification from
a complicatedE. Coli lysate medium served as a demonstration of howsw this
technology. The authors demonstrate an electigagl-free sandwich immunoassay that
transmits signals via electrokinetic streaming entr Simulations suggested that by
increasing the charge contrast between the targkthe detecting probe, the signal may
be improved. In an experimental setting, positiveharged targets are found utilising
detection probes coupled with negatively chargedADAdditionally, it is demonstrated
that as conjugated DNA length increased, the sigoaikstronger with time, up to 100%
stronger with 30 nt of DNA. Furthermore, by detegtthe target in a complex medium,
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the E. coli cell lysate, the electrokinetic sandwich immunag'ssincreased specificity is
also established. Consequently, the research aelsdine development of highly selective
and sensitive electrokinetic assays for possibjfgiegtion in clinical investigations [22].

Table 1: Microfluidics applications in Biotechnology

Application Description
Lab-on-a-Chip | Integration of multiple laboratorynfiions onto a single chip for
miniaturized analysis

Cell Sorting Isolation and sorting of cells basedspecific characteristics

DNA Analysis | DNA sequencing, amplification, and ggfping on a microscale
Protein Protein separation, purification, and analysis gismcrofluidic devices
Analysis

Single-Cell Study of individual cells to understand cellulartdregeneity and
Analysis behaviour

Drug Screening| High-throughput screening of complsurior drug discovery and
development

Point-of-Care | Rapid and portable diagnostic devices for healthegplications
Diagnostics

Tissue Design and fabrication of artificial tissues fogeaerative medicine
Engineering

Biochemical Miniaturized assays for enzymatic reactions, imnassays, and
Assays biochemical analyses

Organ-on-a- Development of micro physiological systems to mimmigan functions
Chip in vitro

Bioparticle Manipulation and sorting of microorganisms, virysesand
Manipulation nanoparticles

Droplet Generation and manipulation of emulsion dropletsdpplications in
Microfluidics biology and chemistry

Microbiome Analysis of microbial communities and their intdfags using
Analysis microfluidic techniques

Environmental | Detection and monitoring of pollutants, pathogems] contaminants in
Monitoring environmental samples

lll. CONCLUSION

To sum up, the exact control and small-scale maatijon of fluids made possible by
microfluidics has revolutionised the area of bibtealogy. The ability to combine several
operations on a single chip, fast throughput, effgtetiveness, and miniaturisation are only a
few of the benefits it has over conventional teghes. In several branches of biotechnology,
microfluidic devices have found use, advancing aede in genomics, proteomics, tissue
engineering, drug discovery, and other fields a agediagnostics and drug development.

Microfluidics has made it possible to create labaechip devices, which combine
many laboratory operations onto a single chip aiveé gise to portable and point-of-care
diagnostic instruments. Additionally, it has madeeasier to analyse individual cells,
enabling researchers to study cellular heterogeraeitl look into the behaviour of single
cells. In addition, microfluidics has been sigrmafi¢t in environmental monitoring, drug
screening, organ-on-a-chip systems, DNA analysiem analysis, and protein analysis.

Copyright © 2024 Authors Page | 142



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-440-9
IIP Series, Volume 3, Book 20, Part 3, Chapter 4
MICROFLUIDICS: AN EMERGING TECHNIQUE

New insights and discoveries in the field of bittealogy have been made possible

by the exact control and manipulation of fluidstte# microscale in microfluidic devices. It
has sped up research, made it more efficient, qethemd up other directions for scientific
investigation. Microfluidics is anticipated to cabtte significantly to the advancement of
biotechnology and to advancements in the fields heklthcare, pharmacology, and
environmental sciences as technology develops.
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