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Editorial
Miniature Biodevices with Mighty Impact: the Current Applications and Future Challenges of 

Organ-on-Chip Technology
Santosh Kumar 1 , Namrata Dagli 2 , Mainul Haque 3a,b 

Miniature	 biodevices	 and	 organ-on-chips	 (OOC)	
are a revolutionary advancement in biomedical 
research	 that	 transforms	 our	 approach	 to	 studying	
human	 organs	 and	 tissues	 by	 providing	 a	 realistic	
micro-physiological	 system	 with	 a	 highly	
controlled	 environment.	 OOC,	 also	 known	 as	
“tissue	 chips,”	 typically	 consists	 of	 microfluidic	
channels lined with living human cells that mimic 
the	 functionalities	 of	 specific	 organs.	 These	 cells	
are	cultured	in	a	controlled	environment	replicating	
the organ’s microarchitecture, mechanical forces, 
and biochemical signaling 1.	 The	 technology	 has	
tremendous	potential	to	improve	biomedical	research	
techniques,	but	various	challenges	must	be	addressed	
for	its	broader	implementation.	
The	 ability	 to	 recreate	 dynamic	 physiological	
conditions, mechanical forces, and biochemical 
signaling in these biodevices allows researchers to 
investigate	 complex	biological	 processes	with	 high	
precision.	This	more	profound	understanding	of	organ	
physiology	and	disease	mechanisms	can	lead	to	the	
development	 of	 innovative	 therapeutic	 approaches.	

OOC devices facilitate drug screening, allowing 
faster	 drug	 efficacy	 and	 toxicity	 assessment	 more	
efficiently	 than	 ever	 before.	OOC	models	 enable	 a	
more	accurate	representation	of	human	physiological	
and	pathological	processes	reducing	the	reliance	on	
animal	testing,	thus	offering	a	more	ethical	and	cost-
effective	alternative.	This	approach	can	improve	the	
success	rate	of	drug	development	and	 lead	 to	more	
personalized	 and	 targeted	 treatments.	 Personalized	
organ	 chips	 can	 reflect	 an	 individual’s	 unique	
physiology	 by	 harnessing	 the	 power	 of	 patient-
derived	 cells	 and	mimicking	 the	 physiological	 and	
biochemical	microenvironment	of	organs.	These	can	
provide	 precise	 information	 about	 any	 individual’s	
disease	mechanisms	and	drug	responses.	Researchers	
can	 tailor	 treatment	 approaches	 and	 optimize	
therapies	based	on	this	more	profound	understanding	
of	 personalized	 drug	 responses	 gained	 by	 creating	
patient-specific	 organ	 models.	 Organ	 models	 have	
been	developed	for	almost	all	significant	organs	2-4.
Liver-on-chip	 have	 been	 developed	 to	 mimic	 the	
hepatic	 lobules,	 including	 co-culturing	 hepatocytes	
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with	 fibroblasts,	 using	 microfluidic	 perforations,	
and	 creating	 biomimetic	 platforms	 for	 hepatic	
spheroids	 and	 liver	 tumors.	 These	 models	 enable	
the	 study	 of	 drug	 metabolism,	 hepatotoxicity,	 and	
anti-cancer	 pharmaceutical	 investigations.	 Lung-
on-chip	 models	 provide	 insights	 into	 respiratory	
processes	and	replicate	the	alveolar-capillary	barrier.	
These	 models	 incorporate	 alveolar	 epithelial	 cells	
and	 pulmonary	microvascular	 endothelial	 cells	 and	
simulate	 the	 expansion	 and	 contraction	 of	 alveoli	
during	 respiration.	 These	 models	 enable	 the	 study	
of	 lung	 diseases.	 Heart-on-chip	 models	 replicate	
the	coupling	of	the	cardiac	and	vascular	systems	by	
combining cardiomyocytes with vascular endothelial 
cells	allowing	assessment	of	drug	effect	and	efficacy	
on	 the	 heart.	 Intestine-on-a-chip	 models	 mimic	
the	 composition	 and	 function	 of	 the	 intestine	 and	
enable drug testing, research on the gut microbiota, 
and investigation of intestinal illnesses. Kidney-
on-a-chip	 models	 replicate	 renal	 filtration	 and	 the	
structural and functional attributes of the glomerular 
capillary	membrane	using	 renal	epithelial	 cells	 and	
enable the study of hormone activation, molecular 
transport,	and	nephrotoxicity	 2.	The	 technology	has	
also	 been	 used	 to	 study	 the	 reproductive	 system,	
brain,	and	pancreas	5-7.
The	technology	also	finds	applications	in	toxicology,	
environmental monitoring, and disease modeling. 
OOC	models	provide	a	more	physiologically	relevant	
toxicity	 testing	 platform	 than	 static	 cell	 cultures	
or animal models 8,9.	OOC	 systems	 can	 potentially	
recreate	 the	 microenvironment	 of	 specific	 organs,	
allowing researchers to mimic disease conditions 
and	 study	 the	 underlying	 mechanisms,	 known	 as	
disease modeling 3, 10.	 Using	 patient-derived	 cells,	
OOC	models	can	closely	replicate	the	characteristics	
of diseases such as cancer, cardiovascular disorders, 
and neurodegenerative conditions 3, 11.	This	 enables	
researchers	to	understand	disease	progression	better,	
identify	new	therapeutic	targets,	and	test	the	efficacy	
of	potential	treatments	12, 13.	Tumor-on-a-chip	is	one	
such	 example	 of	 disease	 modeling	 that	 allows	 the	
creation	 of	 chips	 with	multiple	 organoids	 to	 study	
the	penetration	of	cancer	cells	 into	different	 tissues	
14, 15.	 These	 models	 can	 potentially	 improve	 our	
understanding of metastasis and aid in identifying 
intervention targets 12,	16,	17.
OOC	 technologies	 represent	 a	 promising	 approach	
in	 the	 field	 of	 biomedical	 research,	 enabling	 the	
development	 of	 miniature,	 functional	 models	 of	
human organs 3, 18.	OOC	platforms	offer	advantages	

over	traditional	in	vitro	and	animal	models,	providing	
more valid and reliable systems for studying human 
physiological	 and	 pathological	 mechanisms	 3,10. 
However,	several	challenges	that	need	to	be	addressed	
hinder	the	widespread	practical	application	of	OOC	
technology 19, 20. 
One	major	challenge	in	OOC	technology	is	accurately	
replicating	 the	 complex	 three-dimensional	 (3D)	
architecture	 to	 generate	 multi-OOC	 platforms	 that	
aim	 to	 emulate	 entire	 biological	 processes	 seldom	
limited to a single organ 21. Multi-OOC technology 
can	 simulate	 human	 physiology	 at	 the	 level	 of	
the	 whole	 organism,	 offering	 excellent	 accuracy	
and	 model	 complexity	 21. Achieving this level of 
complexity	requires	advanced	fabrication	techniques	
and biomaterial engineering 22.
Another	major	 challenge	 is	 long-term	 stability	 and	
reproducibility	 in	 the	 practical	 application	 of	OOC	
technology. Preserving the viability and functionality 
of	 biological	 components,	 including	 cells	 and	
tissues,	 requires	 effective	 temperature	 regulation,	
nutrient	 supply,	 and	 waste	 removal	 to	 ensure	 an	
optimal	 microenvironment.	 Furthermore,	 reliable	
reproducibility	 results	 in	 long-duration	 studies	 4, 

23-25.	 Another	 critical	 aspect	 of	 OOC	 technology	
is	 to	 provide	 the	 widespread	 acceptance	 and	
reproducibility	of	OOC	models;	 there	 is	a	need	 for	
standardization	 and	 validation	 protocols	 19,	 26.	 This	
will	 enable	 researchers	 to	 compare	 results	 among	
different	OOC	models	for	drug	screening,	toxicology	
studies, and disease modeling 27, 28. In addition, there 
is	 a	 growing	 demand	 for	 developing	OOC	models	
that can simulate organ-organ interactions accurately 
10, 29.	 Integrating	 multiple	 organ	 systems	 within	 a	
single	OOC	platform	presents	considerable	technical	
challenges 21, 30. 
Ethical	 and	 regulatory	 considerations	 must	 be	
addressed, including issues related to the sourcing 
and use of human cells and establishing guidelines 
for	 preclinical	 drug	 testing	 using	 OOC	 models	 31, 

32. Collaboration between researchers, regulatory 
agencies,	and	ethics	committees	is	crucial	to	develop	
policies	that	ensure	the	ethical	and	responsible	use	of	
OOC technology 33, 34.
In conclusion, OOC technology is a revolutionary 
innovation in biomedical research. Combining 
microfluidics,	 tissue	 engineering,	 and	 cell	 biology	
provides	a	powerful	tool	for	studying	human	organs	
and	tissues	in	a	physiologically	relevant	manner.	This	
technology	holds	immense	potential	to	transform	drug	
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development,	 disease	 modeling,	 and	 personalized	
medicine,	ultimately	improving	healthcare	outcomes	
for	 individuals	 worldwide.	 However,	 several	
challenges	 need	 to	 be	 overcome	 for	 its	widespread	
application.	By	addressing	 the	complexity	of	 tissue	
architecture,	 replicating	 physiological	 function,	
standardization,	 integrating	multiple	organ	systems,	
and addressing ethical and regulatory considerations, 
OOC	technology	can	pave	the	way	for	more	effective	
and	personalized	approaches	to	disease	modeling	and	
drug	development.
Consent for Publication
The	author	reviewed	and	approved	the	final	version	
and	has	agreed	 to	be	accountable	 for	all	 aspects	of	
the	work,	including	any	accuracy	or	integrity	issues.
Disclosure
The	author	declares	that	they	do	not	have	any	financial	
involvement	 or	 affiliations	 with	 any	 organization,	

association, or entity directly or indirectly with 
the	 subject	 matter	 or	 materials	 presented	 in	 this	
editorial.	This	includes	honoraria,	expert	 testimony,	
employment,	ownership	of	stocks	or	options,	patents,	
or	grants	received	or	pending	royalties.
Data Availability
Information	is	taken	from	freely	available	sources	for	
this editorial.
Authorship Contribution
All	 authors	 contributed	 significantly	 to	 the	 work,	
whether	 in	 the	 conception,	 design,	 utilization,	
collection,	 analysis,	 and	 interpretation	 of	 data	 or	
all	these	areas.	They	also	participated	in	the	paper’s	
drafting,	revision,	or	critical	review,	gave	their	final	
approval	 for	 the	 version	 that	 would	 be	 published,	
decided	on	the	journal	to	which	the	article	would	be	
submitted,	and	made	 the	responsible	decision	 to	be	
held	accountable	for	all	aspects	of	the	work.

References
1. Cao	UMN,	Zhang	Y,	Chen	J,	Sayson	D,	Pillai	S,	Tran	SD.	

Microfluidic	Organ-on-A-chip:	A	Guide	 to	Biomaterial	
Choice and Fabrication. Int J Mol Sci.	2023;24(4):3232.	
doi:	10.3390/ijms24043232.	

2. Low	LA,	Mummery	C,	Berridge	BR,	Austin	CP,	Tagle	
DA.	 Organs-on-chips:	 into	 the	 next	 decade.	 Nat Rev 
Drug Discov.	2021;20(5):345-361.	doi:	10.1038/s41573-
020-0079-3. 

3. Danku	AE,	Dulf	EH,	Braicu	C,	Jurj	A,	Berindan-Neagoe	
I.	Organ-On-A-Chip:	A	Survey	of	Technical	Results	and	
Problems. Front Bioeng Biotechnol.	 2022;10:840674.	
doi:	10.3389/fbioe.2022.840674.	

4. Cho S, Lee S, Ahn SI. Design and engineering of organ-
on-a-chip.	 Biomed Eng Lett.	 2023;13(2):97-109.	 doi:	
10.1007/s13534-022-00258-4.

5. Peng	B,	Hao	S,	Tong	Z,	Bai	H,	Pan	S,	Lim	KL,	Li	L,	

Voelcker	 NH,	 Huang	 W.	 Blood-brain	 barrier	 (BBB)-
on-a-chip:	 a	 promising	 breakthrough	 in	 brain	 disease	
research. Lab Chip.	 2022;22(19):3579-3602.	 doi:	
10.1039/d2lc00305h. 

6.	 Abadpour	S,	Aizenshtadt	A,	Olsen	PA,	Shoji	K,	Wilson	
SR,	Krauss	S,	Scholz	H.	Pancreas-on-a-Chip	Technology	
for	 Transplantation	 Applications.	 Curr Diab Rep. 
2020;20(12):72.	doi:	10.1007/s11892-020-01357-1.	

7. Young	 RE,	 Huh	 DD.	 Organ-on-a-chip	 technology	
for	 the	 study	 of	 the	 female	 reproductive	 system.	 Adv 
Drug Deliv Rev.	 2021;173:461-478.	 doi:	 10.1016/j.
addr.2021.03.010. 

8. Bhatia	SN,	Ingber	DE.	Microfluidic	organs-on-chips.	Nat	
Biotechnol.	2014;32(8):760-72.	doi:	10.1038/nbt.2989.

9. Ingber	DE.	Human	organs-on-chips	for	disease	modeling,	
drug	development,	and	personalized	medicine.	Nat Rev 
Genet.	 2022;23(8):467-491.	 doi:	 10.1038/s41576-022-



728

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

00466-9.	

10. Clapp	 N,	 Amour	 A,	 Rowan	 WC,	 Candarlioglu	 PL.	
Organ-on-chip	 applications	 in	 drug	 discovery:	 an	 end-
user	perspective.	Biochem Soc Trans.	2021;49(4):1881-
1890.	doi:	10.1042/BST20210840.	

11. Fanizza	 F,	 Campanile	 M,	 Forloni	 G,	 Giordano	 C,	
Albani	 D.	 Induced	 pluripotent	 stem	 cell-based	
organ-on-a-chip	 as	 personalized	 drug	 screening	
tools:	 A	 focus	 on	 neurodegenerative	 disorders.	 J 
Tissue Eng.	 2022;13:20417314221095339.	 doi:	
10.1177/20417314221095339. 

12. Esch	EW,	Bahinski	A,	Huh	D.	Organs-on-chips	 at	 the	
frontiers of drug discovery. Nat Rev Drug Discov. 
2015;14(4):248-60.	doi:	10.1038/nrd4539.	

13. Ma	C,	Peng	Y,	Li	H,	Chen	W.	Organ-on-a-Chip:	A	New	
Paradigm	for	Drug	Development.	Trends Pharmacol Sci. 
2021;42(2):119-133.	doi:	10.1016/j.tips.2020.11.009.

14. Lim	 J,	 Ching	 H,	 Yoon	 JK,	 Jeon	 NL,	 Kim	 Y.	
Microvascularized	tumor	organoids-on-chips:	advancing	
preclinical	 drug	 screening	 with	 pathophysiological	
relevance. Nano Converg.	 2021;8(1):12.	 doi:	 10.1186/
s40580-021-00261-y.

15. Imparato	 G,	 Urciuolo	 F,	 Netti	 PA.	 Organ	 on	 Chip	
Technology	 to	Model	 Cancer	 Growth	 and	Metastasis.	
Bioengineering (Basel).	 2022;	 9(1):28.	 doi:	 10.3390/
bioengineering9010028. 

16.	 Regmi	S,	Poudel	C,	Adhikari	R,	Luo	KQ.	Applications	of	
Microfluidics	and	Organ-on-a-Chip	in	Cancer	Research.	
Biosensors (Basel).	 2022;12(7):459.	 doi:	 10.3390/
bios12070459. 

17. Liu	X,	Su	Q,	Zhang	X,	Yang	W,	Ning	J,	Jia	K,	Xin	J,	Li	
H,	Yu	L,	Liao	Y,	Zhang	D.	Recent	Advances	of	Organ-
on-a-Chip	 in	 Cancer	 Modeling	 Research.	 Biosensors 
(Basel).	2022;	12(11):1045.	doi:	10.3390/bios12111045.	

18. Ding	 C,	 Chen	 X,	 Kang	 Q,	 Yan	 X.	 Biomedical	
Application	of	Functional	Materials	in	Organ-on-a-Chip.	
Front Bioeng Biotechnol.	 2020;8:823.	 doi:	 10.3389/
fbioe.2020.00823. 

19. Candarlioglu	 PL,	 Dal	 Negro	 G,	 Hughes	 D,	 Balkwill	
F,	Harris	K,	Screen	H,	Morgan	H,	David	R,	Beken	S,	
Guenat	 O,	 Rowan	 W,	 Amour	 A.	 Organ-on-a-chip:	
current	gaps	and	future	directions.	Biochem Soc Trans. 
2022;50(2):665-673.	doi:	10.1042/BST20200661.

20. Probst	 C,	 Schneider	 S,	 Loskill	 P.	 	 High-throughput	
organ-on-a-chip	systems:	Current	 status	and	 remaining	
challenges. Curr Opin Biomed Eng.	 2018;	 6:	 33-41.	
doi:10.1016/j.cobme.2018.02.004.

21. Picollet-D’hahan	 N,	 Zuchowska	 A,	 Lemeunier	 I,	 Le	
Gac	 S.	 Multiorgan-on-a-Chip:	 A	 Systemic	 Approach	
To	 Model	 and	 Decipher	 Inter-Organ	 Communication.	
Trends Biotechnol.	2021;	39(8):788-810.	doi:	10.1016/j.
tibtech.2020.11.014.

22. Lee	HR,	Sung	JH.	Multiorgan-on-a-chip	for	realization	
of	gut-skin	axis.	Biotechnol Bioeng.	2022;119(9):2590-

2601.	doi:	10.1002/bit.28164.	

23. Mastrangeli	 M,	 van	 den	 Eijnden-van	 Raaij	 J.	
Organs-on-chip:	 The	 way	 forward.	 Stem Cell 
Reports.	 2021;16(9):2037-2043.	 doi:	 10.1016/j.
stemcr.2021.06.015.

24. Leung	CM,	de	Haan	P,	Ronaldson-Bouchard	K,	Kim	GA,	
Ko	J,	Rho	HS,	Chen	Z,	Habibovic	P,	Jeon	NL,	Takayama	
S,	Shuler	ML,	Vunjak-Novakovic	G,	Frey	O,	Verpoorte	
E,	 Toh	YC.	A	 guide	 to	 the	 organ-on-a-chip.	Nat Rev 
Methods Primers.	 2022;	 	 2:	 33.	 doi:10.1038/s43586-
022-00118-6.	

25. Nitsche KS, Müller I, Malcomber S, Carmichael PL, 
Bouwmeester	H.	Implementing	organ-on-chip	in	a	next-
generation	risk	assessment	of	chemicals:	a	review.	Arch 
Toxicol.	2022;96(3):711-741.	doi:	10.1007/s00204-022-
03234-0.

26.	 Piergiovanni	 M,	 Leite	 SB,	 Corvi	 R,	 Whelan	 M.	
Standardisation	 needs	 for	 organ	 on-chip	 devices.	 Lab 
Chip.	2021;21(15):2857-2868.	doi:	10.1039/d1lc00241d.	

27. Hwang	 SH,	 Lee	 S,	 Park	 JY,	 Jeon	 JS,	 Cho	 YJ,	 Kim	
S.	 Potential	 of	 Drug	 Efficacy	 Evaluation	 in	 Lung	
and	 Kidney	 Cancer	 Models	 Using	 Organ-on-a-Chip	
Technology.	 Micromachines (Basel).	 2021;12(2):215.	
doi:	10.3390/mi12020215.	

28. Tabatabaei	Rezaei	N,	Kumar	H,	Liu	H,	Lee	SS,	Park	SS,	
Kim	K.	Recent	Advances	in	Organ-on-Chips	Integrated	
with	 Bioprinting	 Technologies	 for	 Drug	 Screening. 
Adv Healthc Mater.	 2023:e2203172.	 doi:	 10.1002/
adhm.202203172. 

29. Zhao	 Y,	 Kankala	 RK,	 Wang	 SB,	 Chen	 AZ.	 Multi-
Organs-on-Chips:	 Towards	 Long-Term	 Biomedical	
Investigations. Molecules.	2019;24(4):675.	doi:	10.3390/
molecules24040675.	

30. Wikswo	 JP,	 Curtis	 EL,	 Eagleton	 ZE,	 Evans	BC,	Kole	
A,	 Hofmeister	 LH,	 Matloff	WJ.	 Scaling	 and	 systems	
biology	 for	 integrating	multiple	 organs-on-a-chip.	Lab 
Chip.	2013;13(18):3496-511.	doi:	10.1039/c3lc50243k.

31. Hyun	 I,	 Scharf-Deering	 JC,	 Lunshof	 JE.	 Ethical	
issues related to brain organoid research. 
Brain Res.	 2020;1732:146653.	 doi:	 10.1016/j.
brainres.2020.146653.	

32. de	 Jongh	 D,	 Massey	 EK;	 VANGUARD	 consortium;	
Bunnik	EM.	Organoids:	a	systematic	 review	of	ethical	
issues. Stem Cell Res Ther.	 2022;13(1):337.	 doi:	
10.1186/s13287-022-02950-9.	

33. Hokke	S,	Hackworth	NJ,	Quin	N,	Bennetts	SK,	Win	HY,	
Nicholson	JM,	Zion	L,	Lucke	J,	Keyzer	P,	Crawford	SB.	
Ethical	issues	in	using	the	internet	to	engage	participants	
in	 family	 and	 child	 research:	A	 scoping	 review.	 PLoS	
One.	 2018;13(9):e0204572.	 doi:	 10.1371/journal.
pone.0204572.	

34. Das	 NK,	 Sil	 A.	 Evolution	 of	 Ethics	 in	 Clinical	
Research	 and	 Ethics	 Committee.	 Indian J Dermatol. 
2017;62(4):373-379.	doi:	10.4103/ijd.IJD_271_17.	




