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______________________________________________________________________________ 

Abstract 

         3D cell culture model often promotes higher levels of cell differentiation and tissue 

organization. In this review it has given an idea of creating organ-on-chips. So that organ-on-

chips are considered as next wave of 3D cell culture models that mimics the biological activities, 

biochemical functionalities and mechanical properties of whole living organ. Replacement of 

animal testing with organ-on-chips may result in useful clinical trials and effective drug 

development. Here we present different types of organ-on-chips and testing of drug in human 

relevant in vitro system. Organ-on-chips can determine various dynamic properties such as 

efficacy and safety of pharmaceuticals so that reduction in the usage of animal models is 

foreseeable. The near future will surely see enormous advances by using the organ-on-chip 

technology. 
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______________________________________________________________________________ 

1. Introduction 

        An organ-on-chip is defined as the multi-channel 3D microfluidic cell culture that mimics 

the activities, mechanics and physiological responses of entire organs and organ systems 
[1]

. 3D 

cell culture is defined as the living cells having 3D structures are cultured within micro-

fabricated devices that mimics the tissue and organ-specific micro-architecture. The application 

of microfluidics in organ-on-chips enables the efficient transport and distribution of nutrients and 

other soluble cues throughout the viable 3D tissue constructs. Organ-on-a-chip is also considered 
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as Lab-on-a-chip which is a device that can integrate one or several laboratory functions seen on 

a single chip that deals with handling particles in hollow microfluidic channels. Organ-on-chips 

are typically glass slides coated with human cells that have been configured to mimic a particular 

tissue or interface between tissues. Some of the organs that have been simulated by microfluidic 

devices are the heart, lung, kidney, artery, bone, cartilage, skin and more. The convergence of 

Lab-on-a-chip (Fig-1) has already permitted the study of human physiology in an organ-specific 

context, so that it is responsible in introducing a novel model of in vitro multicellular human 

organisms. Finally this convergence will surely abolish the use of animals in the aspects of drug 

development and toxin testing. This review reveals about the types of chips so far invented and 

their biological applications. 

                            

 

Fig-1: Figures of Lab-On-A-Chip 
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2. Types of Organ-On-Chips 

2.1 .Lung-On-A-Chip 

       The main aim to design lung-on-a-chip is to improve the physiological relevance of 

existing in vitro alveolar capillary interface models 
[2]

. The device comprises of three 

hollow microchannels. Middle channel holds horizontal porous membrane with 

endothelium or epithelium on either side. The side channels are connected to a vacuum 

through which pressure is applied and diaphragm gets triggered leading to the expansion 

of alveoli with a decrease in intrapleural pressure. Ex: when silica nanoparticles are 

introduced immune response has been initiated by lung-on-a-chip. Hence these chips can 

provide hints about toxicity. 

2.2.Gut-On-A-Chip 

        This is designed to understand a mechanical, structural, absorptive, transport and 

pathophysiological properties of human gut. Here the membrane is coated with extra 

cellular matrix and is lined by human intestinal cells. Ex: when an intestinal microbe 

Lactobacillus rhamnosus GG is co-cultured successfully, it is found to improve barrier 

function. Thus, this chip also enables to understand the transport absorption and toxicity 

studies. 

2.3.Heart-On-A-Chip 

       Many in vitro experiments have been conducted on cardiomyocytes by microfluidics 

which has generated the electrical impulses that controls the heart rate 
[3]

. PDMS 

(PolyDiMethylSiloxane) microchambers are aligned with sensors and stimulating 

electrodes so that they will monitor the metabolism of cardiomyocytes both optically and 

electrochemically 
[4]

. The design of heart-on-a-chip should be in such a way that it should 

provide the structure-function relationships that simulates the architecture of laminar 

cardiac muscle 
[5]

. 

        EX: Artery-On-A-Chip 

                    An organ based microfludic platform has been developed onto which a fragile 

blood vessel is fixed and this is allowed for the determinants of resistance artery 

malfunctions to be studied. This artery-on-a-chip can be responsible to examine the 

intrinsic properties of isolated resistance vessels such as arterioles and small arteries with 

diameters varying between 30µm and 300µm. Vasoconstriction properties have been 

observed by delivering PHENYLEPHRINE drug onto this artery-on-a-chip. 
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2.4.Kidney-On-A-Chip 

       In kidney-on-a-chip renal cells and nephrons are simulated by microfluidic devices. 

The cells cultured in these microfluidic devices lead to new insights into organ functioning 

and this can be used for drug screening 
[6]

.  

         Ex: Nephron-On-A-Chip 

                       The functional unit of kidney is nephron and is composed of glomerulus and 

a tubular component 
[7]

. The device consists of two microfabricated layers separated by a 

membrane.  The device is made into three parts (or) chambers as glomerulus chamber, 

tubule chamber and loop of henle chamber. When a blood sample is introduced the 

device’s design requirements should be in such a way that filtration fraction in glomerulus, 

filtration reabsorption in proximal convoluted tubule and collection of urine at one of the 

two outlets of device should take place 
[8]

. 

2.5. DNA-On-A-Chip 

         DNA-on-a-chip technology utilizes microarrays or microscopic arrays of molecules 

which are immobilized on solid surfaces that are used for biochemical analysis. 

Microarray assays 
[9-13, 20-26] 

are used to carry out bio-chemical experiments on solid 

surfaces 
[14, 18, 19] 

. One of the most widespread applications of DNA chip technology is 

measuring transcript levels for thousands of genes in parallel. For transcript monitoring 

both oligonucleotide and cDNA microarrays are found to work well 
[11-13, 15, 16, 17, 20-24]

. The 

present research trends has explained that both oligonucleotide and cDNA microarrays can 

be widely used for gene expression analysis. The method of microarrays can be included 

in the study of expression analysis, polymorphism detection, DNA resequencing and 

genotyping on a genomic scale. Plant genomes that are based on microarray method have 

the potential to revolutionize plant breeding and agricultural biotechnology. This DNA-on-

a-chip technology can surely promise that in the coming future it has a wide range of 

applications in the field of agriculture. 

3. Human-On-A-Chip  

      Human-on-a-chip is defined as a multi-channel 3D microfluidic cell culture system in 

which different types of cells are cultured so that they mimic multiple organs in the body. 

Recently a microfluidic human-on-a-chip has been developed by culturing four different 

types of human organs such as liver, lung, kidney, and fat
 [27]

. Designing the biomimeic 

devices of whole body will surely address a major reservation that pharmaceutical 

companies have towards organs-on-chips. In case of one specific cell type an optimized 

standard media is generally targeted where as human-on-a-chip will evidently require a 

common medium. This cell culture common medium used in the microfluidic devices is 
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responsible to maintain cell’s function levels. The extensive development of this human-

on-a-chip will be a major assert to pharmaceutical companies that will potentially be able 

to measure direct effects of one organ’s reaction on other. Increasing the sensitivity of the 

in vitro cultured cells will surely ensure the validity of the device or that any drug injected 

into microchannels will stimulate an identical, physiological and metabolic reaction from 

the sample cells as similar to that of the whole organs or organ systems in humans 

4. Conclusion 

       Organ-On-A-Chip is a simplified model of whole organism and is considered as a 

very valuable tool that is able to reduce the costs and consumption of experiment animals. 

Research has concluded that chips are highly responsible in providing hints about toxicity. 

Hence these organ-on-chips are permitting the study of human physiology so that they 

enable the development of novel in vitro disease models and finally this could serve as 

replacements for animals which are used in drug development and toxin testing. 
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