
Pouya Rezai, PhD, PEng

Associate Professor 
Department of Mechanical Engineering

York University, Toronto, ON, Canada

Editor, CSME Bulletin

Email: prezai@yorku.ca

Tel:416.736.2100 Ext. 44703 

Address:BRG 433B, 4700 KeeleSt, Toronto, ON

2018 4BIO Summit: USA

San Francisco, California, USA

September 14th 2018

Organism-on-a-Chip Models for 
Neurobehavioral Screening of Disease

mailto:pouya.rezai@lassonde.yorku.ca


Our Research Interest 

C. elegans or Worm

Drosophila or Fruit Fly

D. rerio or zebrafish

µ-organisms & µ-particles

Microfluidics

Model 
Organisms for 

Human 
Disease 

Investigations

HEALTH & SAFETY

Microfluidics

Application

Environmental cues 



Outline of the Talk

ÅDisease-tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ όt5ύ ŀǎ ŀƴ ŜȄŀƳǇƭŜ

ÅDrug discovery process and issues 

ÅDisease models and associated challenges

ÅMicrofluidics to study disease models and search for therapeutics 

o Organism-on-a-chip technology (focus on electrotaxis for PD)

- Caenorhabditis elegans (Worm)

- Danio rerio (zebrafish)

- Drosophila melanogaster (Fruit Fly)

ÅSummary



Parkinsonõs Disease (PD)

Degeneration of neurons in 
substantia nigra (region of 
the brain that controls 
movement and balance)

Parkinsonian neurotoxins:
Å6-hydroxydopamine (6-OHDA) 
Å1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) 
ÅRotenone
ÅParaquat

tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ ƎŜƴŜǘƛŎ ōŀǎƛǎΥ
Familial cases ofParkinson 
diseasecan be caused by 
mutations in the LRRK2, PARK2, 
PARK7, PINK1, or SNCA genes.

http://www.calgarycmmc.com

Bove et al, NeuroRx. 2005 Jul; 2(3): 484ï494.

PD 



Parkinsonõs Disease Pathological Hallmark

PD Pathological Hallmark: 
Accumulation of Protein 

-hsynucleinin DN and 
formation of Lewy bodies

Mandel et. al. ISBN 978-1-60692-737-3

DAnergicneurons in the 
substantia nigraproduce a 
chemical messenger called 
dopamine. 

Dopamine transmits signals 
within the brain to produce 
smooth physical movements. 

DAnergicneurons degenerate 
or die in many PDpatients. 

Communicationbetween the 
brain and muscles weakens.

Brain becomes unable to 
control muscle movement.

-hsyn

Need for drugs to prevent 
or suppress h-synuclein

accumulation 



Jong, Nature Reviews Cancer, 2014, 481ï493

In-vitro and in -vivo Disease Models 

Humans cannot be directly used in Drug Discovery due to ethical issues 

and complexity

Jackson & Lu, Integr. Biol., 2016,8, 672-683

in -vitro in -vivo Clinical

Animal Models:
Mice, Monkey, Cats, Dogs

http://i.dailymail.co.uk/

Over-simplistic lacking many features 
of microenvironments like extracellular 

matrix (ECM) and dynamic signaling 

Ethically limited, low 
ǘƘǊƻǳƎƘǇǳǘΣ ŜȄǇŜƴǎƛǾŜΣ ŘƻƴΩǘ 
mimic all aspects of disease



Filling the Gap

Jackson & Lu, Integr. Biol., 2016,8, 672-683

https://kidscancer.uchicago.edu

http://post.queensu.ca

Physiologically relevant tissue and organs
3D cell cultures
Organoids and organs

Simple model organisms
C. elegans (worm) 
D. rerio (zebrafish)
D. melanogaster (fruit fly) 

https://kidscancer.uchicago.edu/
http://post.queensu.ca/


Advantages of Model Organisms

50µm

üHigh genetic similarity to human (fully sequenced)

üWell-mapped and simple cellular system and neuronal network 

üSmall size (µm-mm) and easy to grow

üTransparent bodies addressable with fluorescent tags

üShort life cycle (hrsςdays) and low cost

üModeled for human diseases 

Pathway studies

Drug screening

50µm



Microfluidics for Whole Organism Studies 

Automation

Low Cost Simplicity

http://www.criver.com
http://news.vanderbilt.edu

http://australianbusinessclinic.com

https://topyx.com

High 
Throughput 
Screening 



Experimental Setup
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supply

Syringe 
pumps
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Microfluidic device


