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ABSTRACT 

Organ on a chip (OOAC) is a novel in-vitro micro-scale biomimetic 

platform that helps in reproducing physiological environment of 

human organs. This technology involves cell biology, engineering and 

material sciences to simulate in-vivo tissue studies. The main 

advantage of these chips is that they can be manufactured for a very 

low cost and this can allow to test the effect of a wide range of drug 

concentration on the efficiency of the medicine. This will allow organs 

on chip technology to considerably accelerate scientific investigations. 

Organ on a chip devices including brain, lung, heart, kidney, liver, 

prostate, vessel (artery), skin, bone, cartilage and more and the method 

of manufacturing of these models is miniaturized The chips are lined 

with living human cells and their tiny fluidic channels reproduce blood 

and/or air flow just as in the human body. Organ-on-a-chip devices can 

replicate key aspects of human physiology, providing insights into the 

studied organ function and disease pathophysiology. Moreover, these 

can accurately be used in drug discovery for personalized medicine.  

 

KEYWORDS: organ-on-a-chip, microfluidics, biomimetic, cell biology, drug discovery.  

 

INTRODUCTION 

Organ-on-chip (OOC) is a concept with great interest all around the globe, due to the 

importance of their applications in biomedical field. Organ-on-a-chip systems emulate organ 

functions by incorporating multiple cell types within a three-dimensional (3D) tissue 

microenvironment. In addition to simulating the native cellular microenvironment by 

applying microfluidic engineering techniques, cell-based lab-on-chip systems allow the 

incorporation of bio sensing solutions to enable on-chip analysis as an alternative to strictly 
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endpoint based analysis routinely employed in biomedical research. As a result, organ-on-a-

chip systems can reproducibly monitor human physiological and pathological processes via 

optical and electrical sensing strategies to identify dynamic cellular behaviour with high 

structural resolution. Organ-on-a-chip system design centres on three key parameters to 

mimic a physiologically relevant micro-niche. 

(1) The specific native tissue architecture,  

(2) Incorporating dynamical stimulation, and  

(3) Emulating spatiotemporal biochemical concentrations. Organs-on-chips applications do 

not only have several advantages such as miniaturization, integration and low consumption, 

but also they allow researchers to accurately control the multiple parameters of a system such 

as chemical concentration gradient, fluid shear stress, cell patterning, tissue  interface, organ-

organ interaction and so on. For the past 25 years, new concepts of micro-engineering models 

in the early health technology assessment (HTA) stage have emerged, similar to the micro 

fabrication of versatile microfluidic chips. This model not only would cut cost and time in 

preclinical testing but would also lead to the replacement of animal subjects as a whole in the 

pharmacy and cosmetic industry of a 2D systems.  

 

Organ-on-a-chip systems offer an alternative approach for nanoparticle toxicity screening that 

can fill the gap between the conventional pre-clinical models, specifically 2D cell culture and 

animal models, and human population studies. The inherent advantage of using organ-on-a-

chip systems is their ability to reverse engineer native microenvironment (extracellular 

matrix, geometry, mechanical stiffness and flow and responses by generating high fidelity 

models of human tissues.  

 

Discovery 

The development of Organ Chip technology was founded on the back of the long history of 

cell culture research. Scientists first began finding ways to cultivate eukaryotic cells outside 

of an organism in the late nineteenth century, and by the early twentieth century it had 

become possible to maintain such cells for several months). As early as 1876 John Syer 

Bristowe, a British physician, coined the term „organoid‟ to denote „the smallest functional 

organ or tissue unit‟  Efforts to create artificial organs were inspired by the work of Henry 

Van Peters Wilson, a professor of biology and zoology at the University of North Carolina, 

Chapel Hill. In the early twentieth century, he discovered that if he kept individual tissue 

cells that he had mechanically separated from Microciona prolifera in sea water, they 
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naturally clumped together and fused to become new sponges. Following this, a number of 

other scientists generated different types of organs using organ tissues taken from different 

sources, including embryonic chicks and frogs.  

 

Strengths and limitations of OoC 

Since the cost of manufacturing the chips is rather cheap, it is possible to fabricate using in-

house accessories without any specialized equipment many drugs and doses of drugs can be 

tested at the same time. This may prove helpful when a new drug is discovered, not needing 

test subjects and at the same time not meeting ethnic concerns. Another strong suit of the 

OoC concept is the close resemblance of the tissue microenvironment it replicates. When 

comparing the OoC with simple Petri recipient microsystems, the OoC comes out on top due 

to the 3D structure which is an important element of the test‟s reliability. Additionally, the 

microfluidic chips are user friendly and, in some cases, can be portable are capable to assess 

many physiological questions. Due to their small size multiple microfluidic systems can be 

integrated on one chip, saving space and money at the same time.  

 

The first disadvantage considered is the presence of the surface effect. Since the dimensions 

of the fluids are very small, the surface effects dominate the volume effect. This may reflect 

in poor quality of the analysis and some of the product of interest may be adsorbed. Since 

laminar flow is present at the intersection of multiple fluids the relevant fluids might not mix 

properly. Another limitation of these platforms is represented by the fact that, in some 

experiments, there is a need for special instruments in order to obtain reliable results.  

  

Organs-on-a-chip design concept and key components 

Design Concept 

Culture systems require the control of external and internal cell environments. OOAC 

combined with micromachining and cell biology can control external parameters and 

accurately simulate physiological environments. Dynamic mechanical stress, fluid shear and 

concentration gradients are required on the chip. Cell patterning should also be realized to 

fully reflect physiological processes. 

 

Fluid shear force 

Microfluidics enables the dynamic culture of cells through micro-pump perfusion, which 

facilitates the administration of nutrients and timely waste discharge. The dynamic 

environment in which cells are located is more comparable to in vivo conditions than static 
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culture. In addition, fluid shear stress induces organ polarity. Importantly, OOAC exerts 

necessary physical pressure on the normal biological functions of endothelial cells by 

activating cell surface molecules and associated signalling cascades. Similarly, the 

incorporation of fluid into the OOAC device permits biological assessments at the single 

organ level. The OOAC system summarizes flow through a simple “rocker” on a chip fluid 

motion, or through a more complex programmable “pulsatile” format, arranged in a single 

loop for organization-specific configurations.  

  

Concentration gradient 

At the micro scale level, the fluid acts primarily as a laminar flow, resulting instable gradient 

of biochemical molecules, controlled both spatially and temporally. Various biochemical 

signals driven by concentration gradients exist in biological phenomena, including 

angiogenesis, invasion, and migration.  

 

Microfluidics simulate complex physiological processes in the human body by altering flow 

velocity and channel geometry using microvalves and micro-pumps to achieve stable, three-

dimensional (3D) biochemical concentration gradient. 

 

Cell Patterning 

Microfluidics control cell patterning for the construction of in vitro physiological models 

with complex geometries. Surface modifications, templates, and 3D printing contribute to cell 

patterning on the chip. The 3D printing method enables multi-scale cell patterning by 

permitting the formation of hydrogel scaffolds with complex channels. The advantage of 3D 

printing is to allow user-defined digital masks to provide versatility in cell patterns, critical 

for the in vitro reconstruction of the cellular microenvironment. Li et al.  Developed methods 

to achieve rapid heterotypic cell patterning on glass chips using controlled topological 

manipulations. This method combines a polyvinyl acetate coating, carbon dioxide laser 

ablation, and continuous cell seeding techniques on a glass chip. This method enables 

controlled epithelial–mesenchymal interactions. In addition, mesenchymal cells with similar 

properties can also be patterned on glass chips. This method can be helpful for large-scale 

investigation and pharmaceutical testing of cutaneous epithelial–mesenchymal interaction 

and can also be applied to the patterning of other cells.  

 

Key Components 

The OOAC involves four key components,  
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(1) Microfluidics. 

(2) Living cell tissues. 

(3) Stimulation or drug delivery; and. 

(4) Sensing. 

 

The microfluidic component refers to the use of microfluidics to deliver target cells to a pre-

designated location and includes a system of culture fluid input and waste liquid discharge 

during the culture process. Typically, this component is characterized by miniaturization, 

integration, and automation. The living cell tissue component refers to components that 

spatially align a particular cell type in the case of 2D or 3D systems. The 3D arrangements 

are typically created by the addition of biocompatible materials such as hydrogels. These 

materials can prevent mechanical damage and shape three-dimensional arrangements. 

Although the 3D tissue structure more accurately simulates the in vivo situation compared to 

2D models, due to the limitations of technology and cost and the assembly of extracellular 

matrix and the presenting and formation of vasculature, living cell in organ tissues are still 

mostly cultivated in 2D. For certain tissues, physical or chemical signals are required to 

simulate the physiological microenvironment, which promotes micro tissue maturation and 

function. For example, electrical stimulation can help myocardial tissue maturation. Different 

signal stimuli can be derived from for drug screening approaches. The sensing component for 

detecting and compiling data can be an embedded sensing output component or a transparent 

chip based visual function evaluation system. Peel et al. used automated systems to image 

multicellular OOACs, producing detailed cell phenotypes and statistical models for 

measurements developed a cell system to monitor cells in a 3D microfluidic setting. These 

assays featured time-lapse imaging microscopy to assess cellular electrical activity through 

quality control. A meaningful human-on-chip cell model cannot be described and accessed 

without micro sensors-mediated reading of the metabolic state at characteristic points in the 

system.  
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Types of OOC 

 

  

Liver-Maintains physiologic properties; Great regenerative properties.  

Breast Tissue -Mainly used in cancer study and treatment, difficulty to treat. 

Lungs- Bad regenerative properties; Successful replication of functionality by modifying the 

pressure.  

Brain-Complex due to functionality; Differs from person to person, Can be recreated by 

separating the soma and axons.  

Blood-Multiple cell types, OoC uses all cell types; Need for small chambers.  

 

Lungs on a chip 

A lung alveolus chip lined with primary human lung alveolar epithelium interfaced with 

primary pulmonary micro vascular endothelial cells has been used to model pulmonary 

thrombosis by flowing human whole blood through its vascular channel. This approach 

enabled quantitative analysis of organ-level contributions to inflammation-induced 

thrombosis, and recapitulated complex responses, including platelet–endothelial dynamics 

within individual thrombi that were nearly identical to those visualized within thrombi that 

formed in vivo. Analysis of thrombosis formation on-chip induced by lipopolysaccharide 

endotoxin also revealed that it acts indirectly by stimulating the alveolar epithelium to 

produce other inflammatory molecules that induce endothelium activation, such as IL-6, 

rather than acting directly on endothelium.  
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Healthy and diseased human lung airways have been modelled by populating chips with 

primary bronchial or bronchiolar epithelial cells obtained from healthy donors or patients 

with chronic obstructive pulmonary disease (COPD) and culturing them under an air–liquid 

interface. Chips lined with COPD epithelial cells exhibited selective cytokine hyper 

secretion, increased neutrophil recruitment and mimicked clinical exacerbation by exposure 

to viral and bacterial infections as well as cigarette smoke. Transcriptomic profiles of healthy 

airway chips exposed to cigarette smoke closely resembled those obtained in past clinical 

studies. In addition, models of the asthmatic lung airway were developed by exposing healthy 

airway chips to IL-13, which induced goblet cell hyperplasia, inflammatory cytokine 

secretion and endothelial activation, while reducing cilia beating frequency, all of which are 

observed in asthmatic patients. The IL-13-stimulated airway chips also recruited increased 

numbers of circulating neutrophils under flow, which could be inhibited by administering an 

anti-inflammatory drug (bromodomain-containing protein 4 inhibitor), and this recruitment 

response was greater than observed in a static Tran swell micro physiological system. 

 

Liver on a chip 

Multiple liver chip designs have been developed and used to model drug metabolism, drug–

drug interactions, hepatotoxicity, inflammation and infection. A microfluidic liver chip with 

the multiwall bioreactor design lined by primary human hepatocytes and Kupffer cells 

replicated breakdown of the glucocorticoid hydrocortisone to phase I and phase II 

metabolites, and the intrinsic clearance values measured on-chip correlated with human data. 

A similar liver chip system was used to show that sustained stimulation of inflammation by 

IL-6 suppresses cytochrome P450 3A4 isoform (CYP3A4) activity, increases Creative 

protein secretion and decreases shedding of soluble IL-6 receptor. Treatment with a 

therapeutic anti-IL-6 receptor monoclonal antibody (tocilizumab) that is used to treat 

rheumatoid arthritis modulated CYP3A4 enzyme activities and altered metabolism of the 

small-molecule CYP3A4 substrate simvastatin hydroxyl acid in this model, thus replicating 

the drug–drug interactions observed in patients, which was not possible using static 2D 

culture models. 

 

Heart on a chip  

A heart chip was developed by culturing human iPS-cell-derived cardiomyocytes on flexible 

ECM gels overlaid on multielectrode arrays in a single channel microfluidic device, which 

supported laminar cardiac tissue formation and enabled recording of tissue-level 
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electrophysiological responses in real time. This chip mimicked the difference in safety 

profiles between the cardio toxic pro-drug terfenadine and its non-toxic metabolite 

fexofenadine seen in patients. Another heart chip created by combining micro fabrication and 

3D printing that contains human iPS-cell-derived cardiomyocytes interfaced with endothelial 

cells reproduced the toxic effects of the cancer drug doxorubicin on heart myocardium 

observed clinically.  

 

Kidney on a chip  

Kidney chips lined by human renal tubular or glomerular cells have been used for studies on 

drug and molecule transport, reabsorption and toxicity as well as disease modelling. For 

example, a two-channel kidney chip lined by primary proximal tubular epithelium that 

expressed high P-glycoprotein efflux transporter activity replicated a transporter-specific 

cisplatin toxicity that is observed in patients but not in static 2D cultures or animal models. 

Albumin reabsorption and cyclosporine toxicity were also recapitulated in a 3D-printed 

kidney chip containing human proximal tubular epithelium deposited within tiny cylindrical 

structures surrounded by a thick ECM gel. This approach was extended further by printing 

closely apposed kidney tubules and vessels lined by proximal tubular epithelium and kidney 

endothelium within an ECM gel, which exhibited active reabsorption via tubular–vascular 

exchange of solutes similar to that observed in vivo. Hyperglycaemia-induced endothelial cell 

dysfunction was replicated in this model, as well as its reversal by administration of a glucose 

transport inhibitor drug. Moreover, a kidney distal tubule chip was used to explore 

pathogenesis of Pseudo rabies virus-induced renal dysfunctions. Virus infection resulted in 

altered sodium reabsorption, disruption of the reabsorption barrier and changes in microvilli, 

which may contribute to the serum electrolyte abnormalities observed in virus-infected 

patients. 

 

Use of a human kidney glomerulus chip containing closely opposed layers of immortalized 

kidney podocytes and glomerular endothelial cells revealed that glomerular mechanical 

forces play a crucial part in cell damage that leads to increased glomerular leakage, as 

observed in patients with hypertensive nephropathy. Another glomerulus chip lined by human 

iPS-cell derived podocytes interfaced with glomerular endothelium reconstituted in vivo 

levels of urinary clearance and mimicked the toxic effects of the anticancer drug Adriamycin 

on kidney podocytes. More recently, a personalized version of this chip was developed using 

both human iPS-cell-derived kidney glomerular endothelial cells and podocytes from a single 
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patient. In addition, the renal effects of autoimmunity have been studied using a human 

kidney glomerulus chip that recapitulates the perm selectivity of the glomerulus. When 

exposed to patient sera containing anti-podocyte autoantibodies, the chips developed 

albuminuria proportional to patients‟ proteinuria, and this phenomenon was not seen using 

sera from healthy controls or individuals with primary podocyte defects. 

 

Brain on a chip  

Transport across the brain endothelium, and this clinical phenotype could be replicated on-

chip. In a recent study, the human neurovascular unit was modelled in a microfluidic chip 

containing a perfused channel lined by endothelium interfaced with pericytes adjacent to a 

3D ECM gel containing astrocytes and neurons derived by in situ differentiation of human 

neural stem cells91. This chip was used to model brain infection by the fungus Cryptococcus 

neoformans and revealed that clusters of the fungal cells penetrate the BBB without altering 

tight junctions, suggesting a transcytosis-mediated mechanism as well as providing a test bed 

in which to develop novel therapeutics. 

 

Eye on a chip 

An eye chip that reconstituted the outer retinal–choroid barrier containing human retinal 

pigmented epithelium adjacent to a perfusable 3D blood vessel network was able to recreate 

the choroid neovascularization associated with wet macular degeneration by demonstrating 

penetration of the retinal pigmented epithelial monolayer by antigenic sprouts that extended 

from pre-existing choroid vessels. This pathological angiogenesis was inhibited by the 

monoclonal therapeutic antibody bevacizumab, which is used clinically for this condition. 

 

Furthermore, a retina chip was developed containing more than seven different retinal cell 

types, all derived from human iPS cells, which provided vascular perfusion and recapitulated 

interactions of mature photoreceptor segments with retinal pigmented epithelium. In addition 

to mimicking the formation of outer segment-like structures and establishing in vivo-like 

physiological processes of the eye (for example, outer segment phagocytosis and calcium 

dynamics), this organ chip reproduced the clinical retinopathy toxicities of chloroquine and 

gentamicin. 

 

Blood vessels on a chip 

Patient-derived renal cell carcinoma cells from multiple donors that exhibited patient-specific 

patterns of antigenic factor production. A similarly vascularized tumour chip revealed that 
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gene expression, tumour heterogeneity and therapeutic responses observed on-chip more 

closely model colorectal tumour clinic pathology than do current standard drug screening 

modalities, including 2D cultures and 3D spheroids. A three channel microfluidic device that 

mimics the vascular–tissue– lymphatic interface has also been developed to study lymph 

angiogenesis associated with cancer metastasis.  

  

METHODS  

In the beginning, microfluidics was implemented by industrial processes such as gas 

Chromatography and printing machines to handle small volumes to perform fast analysis with 

high Precision. Later, lithography from microelectronics was adapted to construct devices 

with medical Potentialities using various types of biocompatible materials. Verpoorte and De 

Rooij reviewed Developments that have emerged from the increasing interaction between the 

microelectromechanical Systems (MEMS) and microfluidics worlds. The incorporation of 

MEMS techniques to fluidic device Fabrication using photo-sensible polymers allows 

producing moulds by shading patterns with UV Light. This mould is then used to cast the 

pattern using a biocompatible polymer. The principal Characteristics of polydimethylsiloxane 

(PDMS) are transparency, flexibility, biocompatible, gas Permeable, etc. Through the high 

attention attracted towards microfluidics in the last two decades Led to the development of 

novel fabrication processes and the use of other materials. Despite The significant 

involvement of physics, the integration of other research areas such as chemistry, Biology, 

and medicine to labs-on-a-chip confronted researchers with new problems which made them 

Develop new microfluidic platforms. Replica moulding, along with procedures such as 

micro-contact Printing, casting, injection moulding, and embossing, encompass the 

techniques for manipulating Elastomeric structures. Some of the first approaches have used 

micro-contact printing, replica Moulding, micro-transfer moulding, micro-moulding in the 

capillary, solvent assisted micromolding, Phase-shifting edge lithography, Nano-transfer 

printing, decal transfer lithography, and nano-skiving. Since most techniques use polymeric 

or organic matter known by physics as soft matter, all together These techniques are known 

as soft lithography. Soft-lithography is a rapid prototyping technique Applied to generate 

micro and nanostructures. Generally, a low-cost polymer is used to build the desired pattern. 

Cell culture refers to the cell growth and maintenance of influencing parameters in a 

controlled Environment. In cell related experimental biological research at large, and cell 

culture technology, In particular, in vitro cell culture models are considered the backbone of 

the field. Based on Collected works evidence, several traditional approaches, i.e. 
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(1) culture in the flasks.  

(2) culture in the Disflask  

(3) Well-plates, etc.  

 

Have been developed and have gone through heuristic optimization. The modern cell culture 

techniques such as microfluidics-based cell culture approach offer unique Potentialities to 

culture, maintain, and analyse the cultures in a more sophisticated manner at Micro-level. 

These interactions are not easily replicated or controlled in the traditional cell culture 

Layouts. As compared to the traditional cell culture methods, microfluidics-based cell culture 

Approach reveals a clear understanding of an interplay between cell culture parameters and 

the micro environmental  elements which traditional cell culture methods fails to demonstrate 

on their Own. Furthermore, it is also believed that the controlled operational conditions at 

microenvironmental Level by microfluidic approach will further accelerate and advance the 

cell culture technology. With a variety of cost and resource benefits such as reduced 

consumption of reagents, smaller volume, And reduced contamination risk, microfluidics-

based cell culture offers a unique platform for efficient High throughput experimentation. 

The microfluidics-based cell culture approach has several Advantages over traditional or 

macroscopic cell culture.  

 

 
  

Applications of OOAC 

Organ/Disease Modelling  

In vitro modelling of disease pathways associated with several organs/organ systems has 

innumerable potential applications: analysis of organ anatomy, function, in-depth etiology of 

disease, the development of reliable diagnostics, and effective and well-tolerated therapeutic 

agents. Multiple organ models. 
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Pharmacology  

A drug development process begins with early laboratory-based discovery stages and ends in 

the final marketing and surveillance once released to the industry. It involves five basic steps:  

(i) drug discovery and development.  

(ii) preclinical research. 

(iii) clinical develop stp.  

(iv) FDA review and approval. 

(v) safety monitoring post-release. 

 

This whole process takes a minimum of 10–15 years. If the investigated drug is not effective, 

incompatible with human metabolism, or has serious or fatal side effects, it results in 

substantial losses to both pharmaceutical and biotechnology companies. The rapid and 

accurate evaluation of drug efficiency as well as the impact of novel therapeutics on target 

sites and associated organs can be effectively monitored with OOAC models. In 2018, Seo 

and co-workers effectively engineered a blinking human eye to assess cornea therapeutic 

drugs to ward off dry eye disease. With this experiment, they identified novel 

mechanobiology aspects of the ocular surface. 

 

Personalised Medicine  

The expansion of precision medicine into other diseases, such as HIV/AIDs, hepatitis B, and 

other chronic conditions, will revolutionize patient care. Precision medicine will allow for the 

development of highly efficacious and personalized therapy, based on a patient‟s health 

history and genetic profile. Using health data and patient samples, the personalization of 

OOAC can be performed. Sample acquisition can be easily obtained via blood, urine, stool, 

and/or biopsy samples. Benam and co-workers formed a breathing airway-on-a-chip to study 

the pathophysiology of COPD and asthma. 

 

Dentistry  

According to a WHO report on 23 December 2020, more than 3.5 billion People suffer from 

oral diseases, a condition that has not improved from 1990 to 2017. Untreated dental caries in 

permanent teeth is the most dominant condition, affecting 2.3 billion people.Cristaine and co-

workers developed an organ-on-a chip model system that links cells cultured on a dent in 

wall inside a microfluidic device that duplicates some of the structures and functions of the 

dentin–pulp interface. The tooth on-a-chip is made of moulded PDMS consisting of two 

chambers separated by a dent in fragment. To capture pulp cell responses to dental materials 
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on-chip, stem cells from the apical papilla (SCAPs) were cultured in an odontogenic medium, 

seeded onto the dentin surface and observed under live-cell microscopy. Standard dental 

materials used clinically were tested for cytotoxicity, cell morphology, and metabolic activity 

on-chip and compared against standardized off-chip controls. 

 

CONCLUSION  

In this article we have discussed about the detailed information about organ -a- chip concept 

including its types of OOAC and the method of fabrication of organ on a chip by 

microfluidics method and various applications of organ on a chip are elucidated and the 

strengths and limitations of organ on a chip (OOC) and its Discovery explained in detail. This 

review showed us the importance of organs on chip technology for the future of medicine: 

systematic use of organs on chips would help the pharmaceutical industry save time and 

money, and would limit the breeding of animals destined to clinical testing as well. The chips 

could also become formidable research accelerators, since they could allow to conduct many 

trials, much more rapidly, early in the research process. Although the use of the organs on 

chip technology was proven again and again, some of them already being used today in some 

cases, we are still far from making a proper human on chip. 

 

REFERENCES 

1. C. Koyilot, 1 Priyadarshini Natarajan, Breakthroughs and Application Organ-on-a-Chip 

Technology Mufeeda Published online, 2022 Jun 2.  

2. Akhtar A. The flaws and human harms of animal experimentation. Camb. Q. Health. 

Ethics, 2015; 24: 407–419. doi: 10.1017/S0963180115000079. [PMC free article] 

[PubMed] [CrossRef] [Google Scholar]  

3. Li J., Chen J., Bai H., Wang H., Hao S., Ding Y., Peng B., Zhang J., Li L., Huang W. An 

Overview of Organson-Chips Based on Deep Learning. Research, 2022; 2022: 9869518. 

Doi: 10.34133/2022/9869518. [PMC free article] [PubMed] [CrossRef] [Google Scholar]  

4. Campbell S.B., Wu Q., Yazbeck J., Liu C., Okhovatian S., Radisic M. Beyond 

Polydimethylsiloxane: Alternative Materials for Fabrication of Organ-on-a Chip Devices 

and Micro physiological Systems. ACS Biomater. Sci. Eng, 2021; 7: 2880–2899. Doi: 

10.1021/acsbiomaterials.0c00640. [PubMed] [CrossRef] [Google Scholar]  

5. Ding C., Chen X., Kang Q., and Yan X. Biomedical Application of Functional Materials 

in Organ-on-a Chip. Front. Bioeng. Biotechnology, 2020; 8: 823. Doi: 

10.3389/fbioe.2020.00823. [PMC free article] [PubMed] [CrossRef] [Google Scholar].  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594046/
https://pubmed.ncbi.nlm.nih.gov/26364776
https://pubmed.ncbi.nlm.nih.gov/26364776
https://pubmed.ncbi.nlm.nih.gov/26364776
https://doi.org/10.1017%2FS0963180115000079
https://doi.org/10.1017%2FS0963180115000079
https://scholar.google.com/scholar_lookup?journal=Camb.+Q.+Healthc.+Ethics&title=The+flaws+and+human+harms+of+animal+experimentation&author=A.+Akhtar&volume=24&publication_year=2015&pages=407-419&pmid=26364776&doi=10.1017/S0963180115000079&
https://scholar.google.com/scholar_lookup?journal=Camb.+Q.+Healthc.+Ethics&title=The+flaws+and+human+harms+of+animal+experimentation&author=A.+Akhtar&volume=24&publication_year=2015&pages=407-419&pmid=26364776&doi=10.1017/S0963180115000079&
https://scholar.google.com/scholar_lookup?journal=Camb.+Q.+Healthc.+Ethics&title=The+flaws+and+human+harms+of+animal+experimentation&author=A.+Akhtar&volume=24&publication_year=2015&pages=407-419&pmid=26364776&doi=10.1017/S0963180115000079&


www.wjpr.net      │     Vol 13, Issue 5, 2024.      │     ISO 9001:2015 Certified Journal      │ 

 

 

 

Rajyalakshmi et al.                                                            World Journal of Pharmaceutical Research 

481 

6. Yang Q., Xiao Z., Lv X., Zhang T., Liu H. Fabrication and Biomedical Applications of 

Heart-on-a-chip. Int. J. Bioprint, 2021; 7: 370. Doi: 10.18063/ijb.v7i3.370. [PMC free 

article] [PubMed] [CrossRef] [Google Scholar]. 

7. Grant J., Lee E., Almeida M., Kim S., LoGrande N., Goyal G., Sesay A.M., Breault D.T., 

Prantil-Baun R., Ingber D.E. Establishment of physiologically relevant oxygen gradients 

in microfluidic organ chips. Lab Chip, 2022; 22: 1584–1593. Doi: 10.1039/D2LC00069E. 

[PMC free article] [PubMed] [CrossRef] [Google Scholar]  

8. Lim H.Y., Kim J., Song H.J., Kim K., Choi K.C., Park S., Sung G.Y. Development of 

wrinkled skin-on-a-chip (WSOC) by cyclic uniaxial stretching. J. Ind. Eng. Chem, 2018; 

68: 238–245. Doi:10.1016/j.jiec.2018.07.050. [CrossRef] [Google Scholar].  

9. Mori N., Morimoto Y., Takeuchi S. Skin integrated with perfusable vascular channels on 

a chip. Biomaterials, 2017; 116: 48–56. Doi:10.1016/j.biomaterials.2016.11.031. 

[PubMed] [CrossRef] [Google Scholar] 

10. ALTEX (2019) „Alternatives to Animal Experimentation Meeting Report: Organ-on-Chip 

in development: Towards a roadmap for Organs-on-Chip 

11. Allwandt, V, Ainscough, AJ, Viswanathan, P, et al (16 Sept 2020) „Translational 

roadmap for the organs-on-a chip Industry toward Broad Adoption‟, Bioengineering, 

7/112.  

12. Sontheimer-Phelps, A Hassell, BA, Ingber, D (15 Jan 2019) „Modelling cancer in 

microfluidic human organson-chips‟, Nature Reviews Cancer, 19: 65-81.  

13. Free, T (3 Aug 2021) „Investigating how UTIs recur with organoid and organ-on-a-chip 

technology‟, Bio Techniques.  

14. Ingber, D (25 March 2022) „Human organs-on-chips for disease modelling, drug 

development and personalized medicine‟, Nature Review Genetics.  

15. Zhang, B, Korolj, A, Fook Lun Lai, B, Radisic, M (Aug 2018) „Advances in organ-on-a-

chip engineering‟, Nature Reviews Materials, 3: 257-78.  

16. Zakharova, Z, do Carmo, MA, van der Helm, MW, et al (2020) „Multiplexed blood–brain 

barrier organ-onchip‟, Lab on a Chip, 17.  

17. Salig Penn, L (24 June 2019) „Organ-on-chips and organoids: Best of both worlds‟.  

18. A guide to the organ-on-a-chip Chak Ming Leung1 na1, Pim de Haan et. Al. Published 12 

May 2022. 

19. Low, L. A., Mummery, C., Berridge, B. R., Austin, C. P. & Tagle, D. A. Organs-on-

chips: into the next decade. Nat. Rev. Drug. Discover, 2021; 20: 345–361. 



www.wjpr.net      │     Vol 13, Issue 5, 2024.      │     ISO 9001:2015 Certified Journal      │ 

 

 

 

Rajyalakshmi et al.                                                            World Journal of Pharmaceutical Research 

482 

20. Ronaldson-Bouchard, K. & Vunjak-Novakovic, G. Organs-on-a-chip: a fast track for 

engineered human tissues in drug development. Cell Stem Cell, 2018; 22: 310–324.  

21. Shahin-Shamsabadi, A. & Selvaganapathy, P. R. A 3D self-assembled in vitro model to 

simulate direct and indirect interactions between adipocytes and skeletal muscle cells. 

Adv. Biosyst, 2020; 4: 2000034.  

22. Wang, Y., Wang, L., Guo, Y., Zhu, Y. & Qin, J. Engineering stem cell-derived 3D brain 

organoids in a perfusable organ-on-a-chip system. RSC Adv, 2018; 8: 1677– 1685.  

23. Sances, S. Et al. Human iPSC-derived endothelial cells and micro engineered organ-chip 

enhance neuronal development. Stem Cell Rep, 2018; 10: 1222–1236.  

24. Allwardt, V. Et al. Translational roadmap for the organs-on-a-chip industry toward broad 

adoption. Bioengineering, 2020; 7: 112.  

25. KO, J. Et al. Tumour spheroid-on-a-chip: a standardized microfluidic culture platform for 

investigating tumour angiogenesis. Lab Chip, 2019; 19: 2822–2833.  

26. Maoz, B. M. Et al. A linked organ-on-chip model of the human neurovascular unit reveals 

the metabolic coupling of endothelial and neuronal cells. Nat. Biotechnology, 2018; 36: 

865–874.  

27. Van den Berg, A., Mummery, C. L., Passier, R. & van der Meer, A. D. Personalised 

organs-on-chips: Functional testing for precision medicine. Lab Chip, 2019; 19: 198–205.  

28. Novak, R. Et al. Robotic fluidic coupling and interrogation of multiple vascularized organ 

chips. Nat. Biomed. Eng, 2020; 4: 407–420.  

29. Haring A.P., Johnson B.N. Brain-on-a-chip systems for modelling disease pathogenesis. 

Organ-on-a-Chip, 2020; 215–232. [Google Scholar]  

30. Sances S., Ho R., Vatine G., West D., Laperle A., Meyer A., Godoy M., Kay P.S., 

Mandefro B., Hatata S., Hinojosa C., Wen N., Sareen D., Hamilton G.A., Svendsen C.N. 

Human iPSC-derived endothelial cells and micro engineered organ-chip enhance 

neuronal development. Stem Cell Rep, 2018; 10:1222–1236. [PMC free article] 

[PubMed] [Google Scholar]  

31. Liu H., Blonder O.A., Hu N., Ju J., Rao A.A., Duffy B.M., Huang Z., Black L.D., Timko 

B.P. Heart-on-achip model with integrated extra- and intracellular bioelectronics for 

monitoring cardiac electrophysiology under acute hypoxia. Nano Lett, 2020; 20:          

2585–2593. [PubMed] [Google Scholar]  

32. Moradi E., Jalili-Firoozinezhad S., Solati-Hashjin M. Microfluidic organ-on-a-chip 

models of human liver tissue. Acta Biomater, 2020; 116: 67–83. [PubMed] [Google 

Scholar]  



www.wjpr.net      │     Vol 13, Issue 5, 2024.      │     ISO 9001:2015 Certified Journal      │ 

 

 

 

Rajyalakshmi et al.                                                            World Journal of Pharmaceutical Research 

483 

33. Freag M.S., Namgung B., Reyna Fernandez M.E., Gherardi E., Sengupta S., Jang H.L. 

Human nonalcoholic steatohepatitis on a chip. Hepatol. Commun, 2021; 5: 217–233. 

[PMC free article] [PubMed] [Google Scholar]  

34. Human organs-on-chips for disease modelling, drug development and personalized 

medicine Donald E. Ingber ORCID:orcid.org/0000-0002-4319-65201,2,3 Published: 25 

March 2022.  

35. Zhang, B. Et al. Advances in organ-on-a-chip engineering. Nat. Rev. Mater, 2018; 3: 

257–278.  

36. Novak, R. Et al. Robotic fluidic coupling and interrogation of multiple vascularized organ 

chips. Nat. Biomed. Eng, 2020; 4: 407–420.  

37. Miller, C. P., Tsuchida, C., Zheng, Y., Himmelfarb, J. & Akilesh, S. A 3D human renal 

cell carcinoma-on-achip for the study of tumor angiogenesis. Neoplasia, 2018; 20:      

610–620.  

38. Homan, K. A. Et al. Bioprinting of 3D convoluted renal proximal tubules on perfusable 

chips. Sci. Rep, 2016; 6: 34845.  

39. Baert, Y. Et al. A multi-organ-chip co-culture of liver and testis equivalents: a first step 

toward a systemic male reprotoxicity model. Hum. Reprod, 2020; 35: 1029–1044.  

40. Kasendra, M. Et al. Development of a primary human small intestine-on-a-chip using 

biopsy-derived organoids. Sci. Rep, 2018; 8: 2871.  

41. Benam, K. H. Et al. Small airway-on-a-chip enables analysis of human lung inflammation 

and drug responses in vitro. Nat. Methods, 2016; 13: 151–157.  

42. Van der Helm, M. W. Et al. Non-invasive sensing of transepithelial barrier function and 

tissue differentiation in organs-on-chips using impedance spectroscopy. Lab Chip, 2019; 

19: 452–463.  

43. Arathi, A., Joseph, X., Akhil, V. & Mohanan, P. V. LCysteine capped zinc oxide 

nanoparticles induced cellular response on adenocarcinomic human alveolar basal 

epithelial cells using a conventional and organon-a-chip approach. Colloids Surf. B., 

2021; 211: 112300.  

44. Bein, A. Et al. Enteric coronavirus infection and treatment modeled with an 

immunocompetent human intestine-on-a-chip. Front. Pharmacol, 2021; 12: 718484.  

45. Jalili-Firoozinezhad, S. Et al. Modeling radiation injury and countermeasure drug 

responses in a human gut-on-a-chip. Cell Death Dis, 2018; 9: 223.  


