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ABSTRACT 
The urgent need for a novel way to replicate human drug reactions 
in preclinical research has motivated the development of organ-on-
a-chip (OoC) systems. These difficulties are not recognized during 
preclinical trials, owing to ineffective screening technologies that 
mimic the complexities of human tissues and provide quick, accurate 
screening readouts. Microfluidics and microfabrication are powerful 
methods for creating numerous systems with high spatiotemporal 
precision to simulate in vivo microenvironments for drug delivery, 
discovery, development, and screening. This method might be used 
to investigate cell responses to pharmacological and mechanical 
stimuli in a more physiologically effective way. In this paper, we 
examine current achievements in OoC with an emphasis on 
biomimicry, functionality, and characteristics, as well as multi-organ 
platforms that attempt to replicate the essential aspects of 
integrated human physiology. Finally, we explore future prospects 
and limits that must be addressed in order to get OoC systems closer 
to clinical translation. 
Keywords: organ chip, future prospective, multi-organ chip, 
limitation 
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Introduction  
The term "organ-on-a-chip" (OOC) refers to a multi-
channel 3-D microfluidic cell culture integrated 
circuit (chip) that mimics the functions, mechanics, 
and physiological responses of a whole organ or 
organ system.[1][2] It serves as the focus of 
important biomedical engineering research, 
specifically in bio-MEMS. Cell biology and labs-on-
chips (LOCs) have combined to make it possible to 
research human physiology in the setting of 
individual organs. They provide the possibility of 
serving as an alternative to animal models for drug 
development and toxicity testing by functioning as 
a more complicated in vitro approximation of 
complex tissues than normal cell culture. 
 
The development of these microfluidic applications 
is still in its infancy, despite the assertions made in 
numerous articles that organ functions have been 
translated onto this interface. Different researchers 
use different designs and methodologies for their 

organs-on-chips. Microfluidic devices have been 
used to replicate a variety of organs, including the 
brain, lung, heart, kidney, liver, prostate, 
vasculature (artery), skin, bone, and cartilage.[3] 
 
The simulation of an isolated organ may overlook 
important biological phenomena that occur in the 
body's intricate web of physiological processes, 
and this simplifying restricts the conclusions that can 
be reached. This is a drawback of the early organ-
on-a-chip technique. Numerous parts of later 
microphysiometry strive to overcome these 
limitations by simulating more complex 
physiological responses via microfabrication, 
microelectronics, and microfluidics.[4] 
 
The emergence of organ chips has made it possible 
to investigate the intricate pathophysiology of 
human viral infections [4]. The liver chip platform, 
which has made it possible to study viral hepatitis, 
is one example. 

 

 
Fig 1: Organ chip 
 

Single- and multiple-Organ-on-a-Chip 
systems 
To enable regulated and organotypic cell culture 
for in vitro biochemical and pharmacological 
investigations, researchers have attempted to use a 
variety of microfluidic devices and lab-on-a-chip 

systems since the early 2000s [5,6]. This work 
helped to develop the idea of an Organ-on-a-Chip 
system. This model garnered a great deal of 
interest from the biology and engineering 
communities and was widely regarded as helping 
to launch the Organ-on-a-Chip revolution. 
Researchers may examine the breathing 
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mechanisms that take place at the alveoli-capillary 
interface of the human lungs by co-culturing the 
lung's alveolar and capillary cells on opposite sides 
of a porous membrane in the microfluidic channels 
of the Lung-on-a-Chip [7]. A biomimetic model is 
provided to understand the pathogenic mechanisms 
causing various pulmonary or other respiratory 
disorders, such as COVID-19, as well as the effects 
of the environment on lung cells in vitro. Since then, 
many single-organ chips, including liver chips, 
kidney chips, pancreas chips, heart chips, intestine 
and gut chips, blood-brain barrier (BBB) chips, and 
bone and bone marrow chips, have been 
successfully developed for tracing the development 
of disease and examining negative drug reactions. 
At the preclinical research stage, these single-organ 
chip assays can aid in identifying important 
biological mechanisms and assess medication 
efficacy and toxicity in target organs, serving as a 
trustworthy benchmark for clinical trials. 
 
Multi-organ chips, which integrate multiple organ 
units, such as the gut compartment for drug 
absorbance, the liver compartment for drug 
metabolism, and the kidney compartment for drug 
elimination in a single chip, have recently become 
common to enable more thorough studies. Single-
organ chips concentrate on simulating the functions 
of a single organ. For instance, a heart-liver-skin 
three-organ model was created to study the effects 
of acute and long-term drug exposure on the 
activities of the heart and liver [8]. A four-organ 
chip having sequentially connected compartments 
for the intestine, liver, skin, and kidney as well as 
stable homeostasis throughout the various organ 
compartments was also designed to investigate the 
systemic toxicity of medication candidates. A more 
advanced version, known as "Body-on-a-Chip" or 
"Human-on-a-Chip," is now being developed to 
replicate the full human body's physiology using a 
single platform for medication pharmacokinetic and 
pharmacodynamic analysis. As an illustration, Miller 
and Shuler created a proof-of-concept 13-organ 
system using different cell lines to represent the 
major parenchymal organs and physiological 
barrier tissues of humans. This system served as a 
physical model to study the inter-organ 
commutation in response to drug challenges at the 
human level. Undoubtedly, the Human-on-a-Chip 
platform has the potential to revolution is the 
pharmaceutical industry by serving as an 
alternative model system to replace animal models 
in drug development. However, given the 
complexity of the human system, there are many 
technical challenges that must be overcome. 
 

Materials Required and External 
Equipment 
The material used to create the organ-on-a-chip 
must not affect the elements of the cellular 
microenvironment and maintain a steady fluid 
connection. Polydimethylsiloxane (PDMS) is the most 
often utilised substance. This substance is a synthetic, 
polymetric elastomer made of silicon and carbon. 
The actual manufacturing process involves mixing 
liquid PDMS with a substance that aids in the 
solidification of PDMS. After that, the slurry is 
poured into a mould to create the shape of the chip 
[9]. The body can be bonded to a lass or to another 
chip after the mixture has dried and hardened the 
chips. The PDMS gained popularity as a result of 
many of its features, including its transparency, 
which benefits the user by allowing them to observe 
how the OoC behaves. It is simple to employ in this 
application because the material is inexpensive and 
has a low cytotoxicity reputation. Since PDMS 
doesn't deteriorate, other materials are 
occasionally used in its stead. However, some 
researchers have attempted to 3D print the chip 
using a single step, preventing any problematic 
occurrences that may arise utilising multiple step 
procedures that would necessitate the initial 
scaffold's solubilization. 
 
Different biomaterials are needed to produce 
optimal results because each organ has a unique 
structure. For instance, collagen is frequently used 
due to its benefits, but it needs some mechanical 
support in order to maintain its integrity for an 
extended period of time. In some circumstances, 
additional tools are needed to get the best 
outcomes. Controlling the external flow of the micro- 
and nanofluids must come first. For this purpose, 
various kinds of pumps and pressure generators are 
used. The application of hydrostatic pressure is the 
best method for controlling flow. Pressure 
generators are often straightforward systems that 
include a pressure source, like a compressor, a 
pressure regulator, and a manometer to gauge the 
pressure at any given time. The system has many 
drawbacks while being straight forward, most of 
them are caused by its slow response times [10]. 
However, there are ways to get around this issue. 
The pressure can be altered much more quickly with 
a pressure multiplexer. The addition of flux sensors, 
which convert the control signal from pressure to 
flow, is another improvement that may be made to 
pressure generators. After a specific number of 
days, the cell culture's viscosity and density change. 
Since studies demonstrate that the pressure and 
stress on the walls rose dramatically in the 
construction of the chip, it is important to keep this 
attribute in mind. Another technology typically used 
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for flow control is pressure syringes. They are 
typically employed in perfusions, but researchers 
are now using them in microfluidic experiments as 
well [11]. They offer the benefit of allowing flow 
management without being impacted by 
disturbances brought on by fluid resistance. Similar 
to the pressure generator, the flow pulses' usage of 
small values results in a high settling time. 
 
There are often two different types of pumps used 
to manage flow, the first of which are 

straightforward liquid pumps with the drawback of 
having a nonlinear model. To make the system 
modelling process simpler, a linear equation might 
be utilised as an alternative. For the devices to be 
able to detect slight flow variations, a suitable 
sensor is typically required. The other type of 
pumps are electro-osmotic ones, which have the 
drawback of requiring low conductivity liquids in 
order to function correctly but do not have issues 
with flow fluctuation and are resistant to high 
counter pressure. 

 

 
Fig 2: Alternative materials on chip 
 

Organ-on-a-Chip marches toward the 
market 
Once the Organ-on-a-Chip goods make their way 
into the drug discovery segment, the market is 
expected to rise dramatically and there will be a 
great need for drug development [12,13]. The 
Organ-on-a-Chip business is still in its infancy, 
therefore demands are fluid and influenced by a 
wide range of circumstances. For instance, biotech 
and pharmaceutical companies may prefer a high-
throughput yet affordable platform for rapid 
screening of drug candidates, PK-PD studies, and 
toxicity and efficiency evaluations at the preclinical 
drug development stage; academic researchers 
may need complex microphysiological systems to 
reveal pathophysiological mechanisms at the early 
drug discovery stage; other end-users, such as 
clinics, may prefer a standardised system or 
tailored service. compiled publicly available data 
on key participants (Table 1) from a variety of 
sources [14,15]. Because liver and cancer chips are 
now in such high demand for medication PK-PD and 
toxicity research at the preclinical stage, the 
majority of Organ-on-a-Chip firms chose to offer 

standard versions of these chips instead. The 
reliability of the device and its nature are generally 
contributing elements to how well Organ-on-a-Chip 
firms are positioned in the market. Although the 
majority of current Organ-on-a-Chip devices use 
identical fabrication techniques, ongoing product 
improvement and differentiation with unique or 
tightly integrated solutions to meet end-user needs 
will allow these firms compete successfully in a 
crowded market. For passive liquid handling of cells 
and gel loading, Mimetas OrganoPlate®, for 
instance, provides a novel solution with 
PhaseguidesTM. For compatibility with industry-
standard liquid handling and readout equipment, 
this platform is designed to handle up to 96 tissue 
models on a single 384-well plate. This allows for 
high-throughput drug screening. The "Human 
Emulation System," a more comprehensive solution 
sold by Emulate Inc. that consists of organ chips, 
hardware, and software applications, offers a 
highly standardised organ chip platform and has 
attracted a lot of interest from the scientific, 
pharmaceutical, and industrial communities as well 
as from the venture capital industry. 
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Table 1: A brief list of Organ-on-a-Chip startups worldwide. 

Company 
Found 
Year 

University Spin-
off 

Scientific Founders Major Products Region 

HμREL 2006 
Cornell 
University 

Greg Baxter Robert 
Freedman 

Liver chip United States 

Kirkstall 2006 University of Pisa John Wilkinson Quasi Vivo® system British 

Hepregen, 
(merged into 
BioIVT) 

2007 MIT Sangeeta Bhatia 
Liver, Islet, Cancer 
model, Accessory 
devices 

United States 

CN-Bio 
Innovations 

2009 MIT Linda G Griffith 
Liver, Gut, Skin, Heart, 
Lung, Kidney, Brain 
chip, 

British 

InSphero 2009 N/A 
Jan Lichtenberg Jens 
M. Kelm Wolfgang 
Moritz 

Liver, Islet, Tumor cell 
culture 

Switzerland 

TissUse 2010 
Berlin Institute of 
Technology 

Uwe Marx 
Multi-organ-chip, 
Accessory devices 

Germany 

Nortis 2012 
Washington 
University 

Thomas Neumann 
Kidney, Liver, Multi-
organ-chip, Accessory 
devices 

United States 

Emulate 2013 
Harvard 
University 

Donald Ingber 
Liver, Kidney, Lung, 
Intestine chip, Accessory 
devices 

United States 

Mimetas 2013 Leiden University 
Jos Joore Paul Vulto 
Thomas Hankermeier 

Kidney, Gut, Tumors, 
Liver, Lung, Intestine, 
Blood vessel, Neuronal 
models, Accessory 
devices 

The 
Netherland 

Axosim 2014 Tulane University Michael Moore Nerve-on-chip United States 

SynVivo 2014 N/A 
Kapil Pant B. 
Prabhakar Pandian 

SynTumor, SynBBB, 
SynRAM, SynTox 

United States 

Tara Biosystems 2014 
Toronto 
University 

Milica Radisic 
Gordana Vunjak-
Novakovic Robert 
Langer John M. 
Baldoni 

Biowire™ II platform United States 

Alveolix 2015 
University of 
Bern 

Olivier Guenat Lung-on-chip Switzerland 

ANANDA Devices 2015 N/A Margaret Magdesian Neuro Device Canada 

Hesperos 2015 

Cornell 
University 
Central Florida 
University 

Michael Shuler James 
Hickman 

Heart, Liver, Lung, 

Brain, Skin, and Kidney 
chip, Multi-organ-chip 

United States 

Altis BioSystems 2016 
University of 
North Carolina, 
Chapel Hill 

Nancy Allbritton RepliGut Kits United States 

MesoBioTech 2016 N/A Yong Chen Microfluidics Lung chip France 

BiomimX 2017 
The Polytechnic 
University of 
Milan 

Alberto Redaelli Heart-on-chip Italy 

BI/OND 2017 
Delft University 
of Technology 

Cinzia Silvestri 
Organoids cultivation, 
Tissue-tissue interface 

The 
Netherland 
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Company 
Found 
Year 

University Spin-
off 

Scientific Founders Major Products Region 

Jiksak 
Bioengineering 

2017 N/A 

Jiro Kawada Keita 
Shibuya Norihiro 
Yumoto Shinji 
Tokunaga 

Nerve Organoids Japan 

DAXIANG 2018 N/A Yu Zhou Liver chip, cancer chip China 

Aracari Bio 2019 
University of 
California, Irvine 

G. Wesley Hatfield 
Christopher C.W. 
Hughes Steven C. 
George Abraham P. 
Lee 

Vascularized micro-
organ chip 

United States 

REVIVO 
Biosystems 

2019 

Agency for 
Science, 
Technology and 
Research 

Massimo Alberti 
Microfluidic Skin-on-a-
Chip 

Singapore 

 

Limitation of organ on chip 
The expedited research that the organ-on-a-chip 
concept can produce is its first key strength. Since 
the fabrication of the chips is relatively inexpensive, 
it is feasible to fabricate them using common office 
supplies without the need for specialised equipment 
[16,17]. This allows for the simultaneous testing of 
numerous medications and drug doses. When a 
novel medicine is developed, this could be 
advantageous because it eliminates the need for 
test volunteers while also addressing ethnic issues 
[18]. The OoC concept's ability to accurately 
reproduce the tissue microenvironment is one of its 
other strong points. The OoC is contrasted with 
straightforward Petri recipient microsystems. Due to 
the 3D structure, a crucial component of the test's 
reliability, the OoC triumphs [19]. The microfluidic 
chips can evaluate a wide range of physiological 
problems and are also user-friendly and, in certain 
situations, portable. Numerous microfluidic systems 
can be implemented on a single chip due to their 
small size, saving both time and money. 
 
The existence of the surface effect is the first 
drawback taken into account. Due to the fluids' 
extremely tiny size, surface effects outweigh volume 
effects [20]. This might show in the analysis's low 
quality, and some interesting products might even 
be adsorbed. The necessary fluids may not mix 
effectively because laminar flow exists where 
several fluids converge. Another drawback of these 
platforms is the requirement for specialized 
equipment in some research in order to provide 
accurate findings. 
 

The future advances in Organ-on-a-
Chip: Challenges and opportunities 
Over the past two decades, the early development 
of Organ-on-a-Chip systems has shown how 

powerful this new tool for drug discovery and 
development can be. As we move into the next 
decade, new Organ-on-a-Chip platforms are only 
beginning to emerge to fulfil the expanding 
demand for improved preclinical models for drug 
discovery [21]. These platforms have considerable 
advancements in functionality, integration, 
automation, production, and personalized precision 
medicine. 
 
In order to address interesting biological and 
pharmaceutical problems, future Organ-on-a-Chip 
platforms will first show off a physiologically 
relevant and spatiotemporally responsive 
microenvironment [22,23]. Future Organ-on-a-Chip 
platforms' technological capabilities will enable the 
real-time, in-situ, and dynamic maintenance and 
monitoring of a wide range of biological 
parameters, including shear stress, pH, oxygen, 
cytokines, and chemokines, as well as downstream 
and off-chip analyses of molecular signature, 
cellular physiology, and tissue pathology using 
conventional analytical tools like enzyme-linked 
immunosorbent assay (ELISA), polymerase chain 
reaction (PCR), and others. In situ optical, electrical, 
chemical, and biological biosensors can be more 
advanced integrated as integrative microfluidic 
components to detect the key signals in a 
spatiotemporal manner [24], which is difficult in 
animal experimentation. Its potential as a high-
throughput and integrated preclinical readout 
system for drug testing, for instance, has been 
highlighted by the integration of label-free and 
multiplexed nanoplasmonic sensors for in situ 
analysis of cytokine secretion during drug and pro-
inflammatory stimulation in a biomimetic microfluidic 
adipose-tissue-on-a-chip platform. Deterministic 
barcoding in tissue for spatial omics sequencing 
(DBiT-seq), for example, will enable the spatial 
barcoding and sequencing of enormous amounts of 
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molecular data from tissues at a genome-scale 
resolution in the future when new multi-omics 
detecting approaches are developed and 
integrated into microfluidic Organ-on-a-Chip 
platforms [25,26]. We think that incorporating new 
ideas and technology will help Organ-on-a-Chip 
operate better over time, supporting its wider use 
in medication development. 
 
In addition to improving and standardising the 
product production process, Organ-on-a-Chip 
platforms in the future will also need to classify 
system designs, configurable modules, and 
interfaces. The majority of Organ-on-a-Chip 
devices are currently made by hand in research 
labs utilising the soft lithography technique and 
PDMS. For the mass manufacture of devices for the 
market, the throughput and repeatability of 
fabrication are in doubt, demanding a 
standardised, high-throughput, yet affordable 
manufacturing procedure [27,28]. The use of more 
standardised, modular formats with biologically 
inert materials (such as plastics to replace PDMS) as 
well as advanced additive manufacturing methods 
(such as 3D printing) or current standard 
manufacturing materials and methods (such as 
injection modelling and laser cutting) should be 
taken into consideration. For instance, 3D 
bioprinting is a potential technique for creating 
Organ-on-a-Chip devices, allowing for the 
automatic printing of complex scaffolds, intricate 
tissue structures, or device templates with great 
precision and control. In the not-too-distant future, 
3D bioprinting and other additive manufacturing 
techniques are anticipated to significantly alter the 
fabrication methodology for Organ-on-a-Chip by 
providing a one-step method of tissue reconstruction 
and culture platform engineering. In order to be 
compatible with the common biological laboratory 
experiments and work style of the pharmaceutical 
industry, Organ-on-a-Chip platforms should also 
operate in a more automated, high-throughput, and 
parallelized manner through a standardised user-
friendly interface [29,30]. Initial attempts at using 
a robotic interrogator were successful in enabling 
tasks like automated cell culture, 
intercompartmental fluidic coupling, repeated 
sample collection, and in situ microscopic imaging 
over weeks in an integrated eight-organ chip. A 
microfluidic device called IFlowPlate, which is based 
on a 384-well plate, most recently made it possible 
to cultivate and vascularize patient-derived colon 
organoids in vitro, offering a higher throughput 
capacity than existing organ chips. The 
commercialization and promotion of Organ-on-a-
Chip platforms will depend on this improvement in 
order for end users to accept them. 
 

Last but not least, the future Organ-on-a-Chip 
platform will be created using patient-derived 
materials, including patient tissue, decellularized 
ECM, and other biological materials for 
personalised precision medicine, in which patient 
selection and stratification biomarkers will be 
crucial for successful drug development. Patient 
tissue cell sources are frequently unreliable and 
scarce, with low proliferative potential or a need 
for intrusive sample collection. These issues provide 
a major hurdle. As indicated by the development of 
glomeruli with selective filtration properties on 
human brain and cardiac chips, a lack of functional 
human podocytes, for instance, can obstruct this 
process. Patient-derived pluripotent stem cells 
(iPSCs), which have recently come to light in 
research [31,32,33], For the production of 
autologous target organs or tissues, such as those 
obtained from skin fibroblasts, serve as an 
alternative and limitless cell source. This enables the 
development of patient-specific organ chips for 
personalised disease modelling and drug screening 
[34,35]. For instance, a human BBB chip created 
using neurons, astrocytes, and endothelial-like cells 
from brain microvessels generated from patient 
iPSCs showed patient-specific breakdown of 
barrier integrity and blood-to-brain permeability 
of pharmaceuticals. Researchers have also 
succeeded in in vitro modelling of cardiovascular 
diseases, screening of potential drugs, and 
evaluation of cardiac toxicity resulting from drug 
interactions and nanomaterials using healthy or 
patient iPSC-derived cardiomyocytes, all of which 
could not be achieved due to a lack of human 
cardiac cells. Additionally, the addition of iPSC-
based organoids—another idea in which an ex vivo 
organotypic microtissue is created through the self-
organization and differentiation of stem cells in a 
3D matrix—to the Organ-on-a-Chip platform led 
to the creation of a potent hybrid tool known as 
"Organoids-on-a-Chip". For example, it has been 
shown that microfluidic kidney and retinal organoid 
chips are more physiologically appropriate in terms 
of tissue maturity and functionality. The inadequacy 
of conventional "one-size-fits-all" therapeutics 
would surprisingly be overcome by efforts aimed at 
developing patient iPSC-derived organ chips, 
providing an ideal treatment for individual patients 
across large populations for the same disorder. 
However, not all studies could be listed due to space 
limitations. Future benefits are also anticipated, 
particularly in the modelling and analysis of rare 
human disorders, which are currently constrained by 
the lack of biological investigations and the high 
R&D costs that follow  
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Concluding remarks 
The industrial drug development process is highly 
standardised, despite the fact that a strong 
argument for a paradigm shift in drug development 
has evolved in an effort to increase the overall pass 
rate of recently discovered medications. The design 
and integration of the Organ-on-a-Chip platforms 
into the drug development pipeline would 
undoubtedly be advantageous at all preclinical 
stages and even realise trial-on-chips for clinical 
validation because the entire drug development 
process may involve switching back and forth 

between disease modelling and drug testing. 
Organ-on-a-Chip systems can be a potential 
alternative to avoid ethical issues linked to animal 
use and adhere to the guiding 3R principles (i.e., 
replacement, reduction, and refinement) given the 
fast-growing concerns about animal welfare and 
rights in biological investigations. Because it is still 
difficult to meet the practical demands of quick 
drug development and precise preclinical 
evaluation, Organ-on-a-Chip systems are still at the 
periphery of the pharmaceutical industry (see 
"Outstanding Questions"). The Organ-on-a-Chip 
platform is anticipated to eventually close the 
biological and technical gaps between 
translational, preclinical, and clinical studies by 
continuous integration of fresh concepts and 
methods. In conclusion, we are excited about 
Organ-on-a-Chip's potential in the pharmaceutical 
sector and about its increasingly bright future in 
personalised precision medicine. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://esmed.org/MRA/index.php/mra/article/view/4741


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4741  9 

The Upcoming Drift of Organ-Chip in Pharmacological Trial Investigate 

References  
1. Amin Valiei, Javad Aminian-

Dehkordi, Mohammad R. K. Mofrad. Gut-on-a-
chip models for dissecting the gut microbiology 
and physiology. APL 
Bioengineering .2023; 7 (1): 011502.  

2. Linda Sønstevold, Maciej Czerkies, Enrique 
Escobedo-Cousin, Slawomir Blonski, Elizaveta 
Vereshchagina. Application of 
Polymethylpentene, an Oxygen Permeable 
Thermoplastic, for Long-Term on-a-Chip Cell 
Culture and Organ-on-a-Chip 
Devices. Micromachines. 2023;14 (3): 532.  

3. Uyen M. N. Cao, Yuli Zhang, Julie Chen, Darren 
Sayson, Sangeeth Pillai, Simon D. 
Tran. Microfluidic Organ-on-A-chip: A Guide to 
Biomaterial Choice and Fabrication. 
International Journal of Molecular 
Science.s 2023; 24 (4):3232.  

4. Mengde Zhang, Chao Zhang, Zhao Li, Xiaobing 
Fu, Sha Huang. Advances in 3D skin bioprinting 
for wound healing and disease 
modeling. Regenerative Biomaterials .2023; 10  

5. Nianfang Hu, Kerun Cheng, Shuhan 
Zhang, Shan Liu, Lijun Wang, Xiaoxin Du, Yong 
Li, Chenzhong Li. Advancements in microfluidics 
for skin cosmetic screening. The 
Analyst. 2023; L342  

6. Juan F. Hernández-Rodríguez, Miguel Ángel 
López, Daniel Rojas, Alberto Escarpa. Digital 
manufacturing for accelerating organ-on-a-
chip dissemination and electrochemical 
biosensing integration. Lab on a 
Chip. 2022; 22 (24): 4805-4821.  

7. Sumira Malik, Archna Dhasmana, Subham 
Preetam, Yogendra Kumar Mishra, Vishal 
Chaudhary, Sweta Parmita Bera, Anuj 
Ranjan, Jutishna Bora, Ajeet Kaushik, Tatiana 
Minkina, Hanuman Singh Jatav, Rupesh Kumar 
Singh, Vishnu D. Rajput. Exploring Microbial-
Based Green Nanobiotechnology for 
Wastewater Remediation: A Sustainable 
Strategy. Nanomaterials. 2022;12 (23): 4187.  

8. anima Bhattacharya, Subham Preetam, Basab 
Ghosh, Tulika Chakrabarti, Prasun Chakrabarti, 
Shailesh Kumar Samal, Nanasaheb 
Thorat. Advancement in Biopolymer Assisted 
Cancer Theranostics. ACS Applied Bio 
Materials. 2023. Article ASAP. 

9. Do-Hyun Oh, Inseong Choi, Young-Hyun Ryu, 
Guk-Young Ahn, Tae-Kyung Ryu, Sung-Wook 
Choi. Solvent-Resistant Perfluoropolyether 
Microfluidic Devices with Microfibrous Channels 

for the Production of Poly(ε-caprolactone) 

Microspheres Containing Dexamethasone. ACS 
Applied Polymer Materials. 2023; 5 (3): 2062-
2069. 

10. Rahul Bhattacharjee, Arvind Negi, Basudha 
Bhattacharya, Tanima Dey, Priya 
Mitra, Subham Preetam, Lamha 
Kumar, Sulagna Kar, Sabya Sachi Das, Danish 
Iqbal, Mehnaz Kamal, Fayez 
Alghofaili, Sumira Malik, Abhijit Dey, Saurabh 
Kumar Jha, Shreesh Ojha, Ana Cláudia Paiva-
Santos, Kavindra Kumar Kesari, Niraj Kumar 
Jha. Nanotheranostics to Target Antibiotic-
resistant Bacteria: Strategies and 
Applications. OpenNano. 2023; 23: 100138.  

11. urachate Kalasin, Pantawan 
Sangnuang, Werasak Surareungchai. Satellite-
Based Sensor for Environmental Heat-Stress 
Sweat Creatinine Monitoring: The Remote 
Artificial Intelligence-Assisted Epidermal 
Wearable Sensing for Health Evaluation. ACS 
Biomaterials Science & Engineering. 2021;7 (1): 
322-334.  

12. Emma L. Vanderlaan, Joshua Sexton, Carmella 
Evans-Molina, Adrian Buganza Tepole, Sherry 
L. Voytik-Harbin. Islet-on-chip: promotion of 
islet health and function via encapsulation within 
a polymerizable fibrillar collagen scaffold. Lab 
on a Chip .2023; 23 (20): 4466-4482.  
https://doi.org/10.1039/D3LC00371J 

13. Fida Hussain Memon, Kang Inseok, Faheem 
Ahmed, Wajid Ali, Afaque Manzoor 
Soomro, Saleem Raza Memon, Kashif Hussain 
Memon, Kyung Hyun Choi. A Comprehensive 
Review of Biosensor Integration in 
Microphysiological Systems for Online 
Monitoring: Current Challenges and Future 
Advancements. ChemBioEng 
Reviews. 2023; 10 (5): 817-828.  

14. Antonia van Rijt, Evan Stefanek, Karolina 
Valente. Preclinical Testing Techniques: Paving 
the Way for New Oncology Screening 
Approaches. Cancers .2023; 15 (18): 4466.  

15. Fuki Yokoi, Sayaka Deguchi, Kazuo 
Takayama. Organ-on-a-chip models for 
elucidating the cellular biology of infectious 
diseases. Biochimica et Biophysica Acta (BBA) - 
Molecular Cell Research. 2023; 1870 (6): 
119504.  

16. Ziqiu Tong, Lars Esser, Peter Galettis, David 
Rudd, Christopher D. Easton, Azadeh 
Nilghaz, Bo Peng, Douer Zhu, Helmut 
Thissen, Jennifer H. Martin, Nicolas H. 
Voelcker. Fluoropolymer Functionalization of 
Organ-on-Chip Platform Increases Detection 
Sensitivity for 
Cannabinoids. Biosensor.s 2023; 13 (8): 779.  

17. Yunyun Wu, Claire Liu, Mia Lapiere, Joanna L. 
Ciatti, Da Som Yang, Jaime Berkovich, Jeffrey 
B. Model, Anthony Banks, Roozbeh 

https://esmed.org/MRA/index.php/mra/article/view/4741
https://doi.org/10.1039/D3LC00371J


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4741  10 

The Upcoming Drift of Organ-Chip in Pharmacological Trial Investigate 

Ghaffari, Jan‐Kai Chang, Ralph G. 
Nuzzo, John A. Rogers. Thermoplastic 

Elastomers for Wireless, Skin‐Interfaced 
Electronic, and Microfluidic Devices. Advanced 
Materials Technologies. 2023; 5  

18. Sean Hockney, Jessica Parker, Jasmin E. 
Turner, Xanthea Todd, Stephen Todryk, Roben 
Ger Gieling, Gerrit Hilgen, Davina Camargo 
Madeira Simoes, Deepali Pal. Next generation 
organoid engineering to replace animals in 
cancer drug testing. Biochemical 
Pharmacology. 2023; 213: 115586.  

19. Zhong Alan Li, Shilpa Sant, Sung Kwon 
Cho, Stuart B. Goodman, Bruce A. 
Bunnell, Rocky S. Tuan, Michael S. Gold, Hang 
Lin. Synovial joint-on-a-chip for modeling 
arthritis: progress, pitfalls, and potential. Trends 
in Biotechnology .2023; 41 (4):511-527.  

20. Victoria E.J.M. Palasantzas, Isabel Tamargo-
Rubio, Kieu Le, Jelle Slager, Cisca 
Wijmenga, Iris H. Jonkers, Vinod 
Kumar, Jingyuan Fu, Sebo Withoff. iPSC-
derived organ-on-a-chip models for 
personalized human genetics and 
pharmacogenomics studies. Trends in 
Genetics. 2023; 39 (4):268-284.  

21. Daniel J. Teixeira Carvalho, Lorenzo 
Moroni, Stefan Giselbrecht. Clamping 
strategies for organ-on-a-chip devices. Nature 
Reviews Materials. 2023;8 (3): 147-164.  

22. Yashi Sisodia, Komal Shah, Adil Ali 
Sayyed, Meenakshi Jain, Syed Ansar 
Ali, Piyush Gondaliya, Kiran Kalia, Rakesh 
Kumar Tekade. Lung-on-chip microdevices to 
foster pulmonary drug discovery. Biomaterials 
Science. 2023;11 (3): 777-790.  

23. Cristina Marisol Castillo Bautista, Jared 
Sterneckert. Progress and challenges in 
directing the differentiation of human iPSCs into 
spinal motor neurons. Frontiers in Cell and 
Developmental Biology. 2023;10  

24. ngrid Anaya Morales, Christina-Marie 
Boghdady, Benjamin E. Campbell, Christopher 
Moraes. Integrating mechanical sensor 
readouts into organ-on-a-chip 
platforms. Frontiers in Bioengineering and 
Biotechnology .2022;10  

25. Juan F. Hernández-Rodríguez, Miguel Ángel 
López, Daniel Rojas, Alberto Escarpa. Digital 
manufacturing for accelerating organ-on-a-
chip dissemination and electrochemical 
biosensing integration. Lab on a 
Chip .2022;22 (24): 4805-
4821. https://doi.org/10.1039/D2LC00499B 

26. Chuan Liu, Scott B. Campbell, Jianzhao 

Li, Dawn Bannerman, Simon Pascual‐
Gil, Jennifer Kieda, Qinghua Wu, Peter R. 
Herman, Milica Radisic. High Throughput 

Omnidirectional Printing of Tubular 
Microstructures from Elastomeric 
Polymers. Advanced Healthcare 
Materials. 2022; 11 (23)  

27. Mahsa Akbari Kenari, Erfan Rezvani 
Ghomi, Amirreza Akbari Kenari, Seyed 
Mohammad Saeed Arabi, Javad 
Deylami, Seeram Ramakrishna. Biomedical 
applications of microfluidic devices: 
Achievements and challenges. Polymers for 
Advanced Technologies .2022; 33 (12): 3920-
3934.  

28. Alessio Bucciarelli, Xenia Paolelli, Eleonora De 
Vitis, Nora Selicato, Francesca 
Gervaso, Giuseppe Gigli, Lorenzo 
Moroni, Alessandro Polini. VAT 
photopolymerization 3D printing optimization 
of high aspect ratio structures for additive 
manufacturing of chips towards biomedical 
applications. Additive 
Manufacturing. 2022; 60: 103200.  

29. V. Frantellizzi, V. Verrina, C. Raso, M. 
Pontico, F. Petronella, V. Bertana, A. 
Ballesio, S.L. Marasso, S. Miglietta, P. Rosa, S. 
Scibetta, V. Petrozza, M.S. De Feo, G. De 
Vincentis, A. Calogero, R. Pani, G. Perotto, L. 
De Sio. 99mTc-labeled keratin gold-
nanoparticles in a nephron-like microfluidic chip 
for photo-thermal therapy 
applications. Materials Today 
Advances. 2022; 16: 100286.  

30. Elsbeth G. B. M. Bossink, Anke R. 
Vollertsen, Joshua T. Loessberg-Zahl, Andries 
D. van der Meer, Loes I. Segerink, Mathieu 
Odijk. Systematic characterization of 
cleanroom-free fabricated macrovalves, 
demonstrating pumps and mixers for 
automated fluid handling tuned for organ-on-
chip applications. Microsystems & 
Nanoengineering .2022; 8 (1)  

31. Zhenxu Yang, Xiaochen Liu, Elise M. 
Cribbin, Alice M. Kim, Jiao Jiao Li, Ken-Tye 
Yong. Liver-on-a-chip: Considerations, 
advances, and 
beyond. Biomicrofluidic.s 2022;16 (6)  

32. Mohammad Hossein Mohammadi, Sargol 
Okhovatian, Houman Savoji, Scott B. 
Campbell, Benjamin Fook Lun Lai, Jun 

Wu, Simon Pascual‐Gil, Dawn 

Bannerman, Naimeh Rafatian, Ren‐Ke Li, Milica 
Radisic. Toward Hierarchical Assembly of 
Aligned Cell Sheets into a Conical Cardiac 
Ventricle Using Microfabricated 
Elastomers. Advanced Biology. 2022; 6 (11)  

33. Mehran Mansouri, Adeel Ahmed, S. Danial 
Ahmad, Molly C. McCloskey, Indranil M. 
Joshi, Thomas R. Gaborski, Richard E. 
Waugh, James L. McGrath, Steven W. 

https://esmed.org/MRA/index.php/mra/article/view/4741
https://doi.org/10.1039/D2LC00499B


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4741  11 

The Upcoming Drift of Organ-Chip in Pharmacological Trial Investigate 

Day, Vinay V. Abhyankar. The Modular µSiM 
Reconfigured: Integration of Microfluidic 
Capabilities to Study In Vitro Barrier Tissue 
Models under Flow. Advanced Healthcare 
Materials. 2022; 11 (21)  

34. Mengyang Wang, Masahiro Tsuda, Sayaka 
Deguchi, Yuriko Higuchi, Kanako So, Yu-suke 
Torisawa, Kazuo Takayama, Fumiyoshi 
Yamashita. Application of perfluoropolyether 
elastomers in microfluidic drug metabolism 
assays. International Journal of 
Pharmaceutics. 2022; 627: 122253.  

35. Lincao Jiang, Qiwei Li, Weicheng Liang, Xuan 
Du, Yi Yang, Zilin Zhang, Lili Xu, Jing 
Zhang, Jian Li, Zaozao Chen, Zhongze 
Gu. Organ-On-A-Chip Database Revealed—
Achieving the Human Avatar in 
Silicon. Bioengineering .2022; 9 (11): 
685. https://doi.org/10.3390/bioengineering
9110685 

36. Ruojun Mu, Nitong Bu, Jie Pang, Lin Wang, Yue 
Zhang. Recent Trends of Microfluidics in Food 
Science and Technology: Fabrications and 
Applications. Foods. 2022; 11 (22):3727. http
s://doi.org/10.3390/foods11223727 

37. Leire Etxeberria, Taha Messelmani, Jon Haitz 
Badiola, Andreu Llobera, Luis Fernandez, José 

Luis Vilas-Vilela, Eric Leclerc, Cécile 
Legallais, Rachid Jellali, Ane Miren 
Zaldua. Validation of HepG2/C3A Cell 
Cultures in Cyclic Olefin Copolymer Based 
Microfluidic 
Bioreactors. Polymers. 2022; 14 (21): 4478.  

38. Ali Doryab, Mehmet Berat Taskin, Philipp 

Stahlhut, Jürgen Groll, Otmar Schmid. Real‐
Time Measurement of Cell Mechanics as a 
Clinically Relevant Readout of an In Vitro Lung 
Fibrosis Model Established on a Bioinspired 
Basement Membrane. Advanced 
Materials. 2022; 34 (41)  

39. A M van Genderen, M G Valverde, P E 
Capendale, M V Kersten, E Sendino Garví, C C 
L Schuurmans, M Ruelas, J T Soeiro, G Tang, M 
J Janssen, J Jansen, S M Mihăilă, T 
Vermonden, Y S Zhang, R Masereeuw. Co-
axial printing of convoluted proximal tubule for 
kidney disease 
modeling. Biofabrication.2022; 14 (4): 
044102.  

40. Karen Melissa Lerin-Morales, Luis F. Olguín, Eva 
Mateo-Martí, María Colín-García. Prebiotic 
Chemistry Experiments Using Microfluidic 
Devices. Life. 2022; 12 (10):1665.  

 
 

https://esmed.org/MRA/index.php/mra/article/view/4741
https://doi.org/10.3390/bioengineering9110685
https://doi.org/10.3390/bioengineering9110685
https://doi.org/10.3390/foods11223727
https://doi.org/10.3390/foods11223727

