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You might have heard that animal experiments are per-
formed in scientific research and wonder why. Regardless 
of your personal opinion on animal use in research, you 
have certainly already benefited from it. This is because 
all substances that end up in food or medicine have to be 
thoroughly tested for potential to cause harm. For this, the 
substance must be tested in animals before being tested in 
human volunteers or approved for general use, although 
animal testing for cosmetics has not been allowed within 
the EU since 2009. However, it would be ideal to find a bet-
ter way of testing whether a substance is harmful or not. In 
this article, we will briefly summarize why animals are used 
in research and what kind of alternatives might potentially 
be used in the future. 

Why are animals used in research?
When a new substance needs to be tested for safety, scien-
tists usually start with cell cultures. This gives a good idea 
of general toxicity towards living cells but misses out a lot. 
For example, a substance might be harmless if applied to 
skin but dangerous if swallowed. Other substances might be 
harmless themselves but can be broken down by the liver 
into harmful metabolites. In addition, most organs and tis-
sues are rather complex 3D structures that contain a varie-
ty of different cells that all interact with each other. These 
things can’t be simulated by simple cell cultures. Therefore, 
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using animals with complex organs and tissues, such as 
mice, is a necessary second step to check for toxicity. Animal 
use in research is a mandatory part of the development of 
food additives and drugs, not only in the EU but worldwide.

Bodies consist of complex organs in interconnected systems, 
which can’t be simulated with simple cell cultures. 
Mikael Häggström, used with permission/public domain
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What are the problems with animal 
use in research?
As explained, there are good reasons to use animals in re-
search but there are also problems connected to it. For 
example, a famous notion from scientific literature states 
that “mice are not men”. [1] This means that animals and hu-
mans share similarities but also many differences. Animals 
may digest, absorb, or metabolize compounds very diffe-
rently to humans. Therefore, you cannot directly transfer 
all findings from animals to humans. A substance found to 
be harmless in an animal might still be toxic to humans and 
vice versa. For example, did you know that chocolate is not 
toxic for humans (although too much of it might give you 
a stomach ache!), but for dogs, one ingredient of chocola-
te called theobromine can be very toxic. Animal use in re-
search is also very costly: the animals need suitable shelter, 
food, and care, even if the experiment has not started yet. 
There are strict welfare rules for how laboratory animals are 
housed and treated, so there is no cheap way of doing this. 
Finally, animal use in research presents an ethical issue sin-
ce we know that animals can experience pain and distress. 
Therefore, animal use in research is tightly regulated in the 
EU and constantly reviewed by local authorities like Com-
mittees on Animal Research and Ethics. 

To increase laboratory animal welfare, the EU passed Direc-
tive 2010/63/EU, which specifies that animal experiments 
should only be performed when a scientific question cannot 
be answered by any other means. Local committees and 
authorities ensure that this directive is implemented. The 
directive follows the scientific concept of the 3Rs, which was 
defined in 1959 by the British scientists Russel und Burch.[2] 
Therefore, scientists must constantly ask themselves whet-
her using animals is really necessary and also prove this to 
the local authorities. Having an alternative testing method 
would greatly benefit basic science and toxicology. 

What is the 3Rs principle?

3Rs stands for:

●  �Replace animal models by developing alternative  
test methods. 

●  �Reduce the number of animals used in research to  
a minimum by improved experimental design.

●  �Refine animal experiments to reduce harm and  
stress to the laboratory animals.   

What are the alternatives?

Since simple cell cultures cannot reflect the complexity of 
an entire tissue, organ, or organism, scientists have started 
to create models that better reflect reality. These include 
so-called organoids, which are small 3D aggregates of one 
or more cell types. 

Left: A microfluidic research laboratory combining cell culture and 
engineering to create novel approaches such as organ-on-chip 
devices. Right: A 3D organoid is inspected through a microscope.
Copyright: Norman Ertych

For example, testing a compound used in cosmetics is no-
wadays performed on 3D skin models. However, some 
parts are still missing in these kinds of models (figure 1). 
Your blood and organs have a lower oxygen saturation than 
the air, which is missed in regular cell culture approaches. 
Most organs or tissues also encounter mechanical forces: 
your heart beats to pump blood, your lungs stretch out 
when you inhale, and your bones encounter mechanical 
loads whenever you are moving. To simulate these physical 
aspects of organisms, bioreactors can be used. A bioreactor 
is a device that can house cells or 3D organoids and allows 
control of one or more environmental parameters, such as 
temperature, pH, or oxygen concentration.

 
Figure 1: The different model systems used in biomedical research: 
2D cell culture, 3D cell culture, organ-on-chip systems, animal 
models, and human studies. Generally, the simpler systems show 
lower physiological relevance. 
Lida Ebrahimi, based on a figure originally published in Ref. [3].

http://www.scienceinschool.org/article/2021/organ-on-chip
https://dx.doi.org/10.1039%2Fc6ib00039h


3www.scienceinschool.org/article/2021/organ-on-chip

Issue 54 | 01/09/2021

Recently, a novel class of bioreactors has emerged: the or-
gan-on-chip. Don’t get confused: you won’t find a miniature 
lung or bone on a silicon chip soldered to a circuit board. The 
designation ‘on-chip’ means that the bioreactor is produced 
by using the same techniques that as for semiconductor 
electronics. This allows the cost-effective creation of very 
small structures, for example, channels that are smaller 
than a millimetre in diameter. These small bioreactors 
might also be equipped with sensors to monitor the concen-
tration of nutrients or oxygen saturation (figure 2). 

Figure 2: Microfluidic devices can provide high physiological 
relevance by incorporating perfusion with nutrients and several 
biologically relevant parameters, such as gas concentrations, 
mechanical loading, or pH. These parameters can be monitored  
by using sensors. 
Lida Ebrahimi

There are also examples where the organ-on-chip provides 
mechanical stimulation to simulate a beating heart or a bre-
athing lung. The use of porous membranes enables the simu-
lation of tissue barriers such as skin, placenta, or the blood-
brain barrier. These are of crucial interest in toxicology, since 
substances that pass through them might inflict harm on 
the other side of the barrier. Seeded with the correct cells, 

organ-on-a-chip devices can provide an environment that is 
much closer to the real situation than cell culture. 

It is also possible to connect different organ-on-chip models 
to simulate the interaction of organs and tissues, these are 
termed multi-organ-chip (figure 3). There is also the concept 
of simulating and connecting most of the organs and tissues 
found in the human body, this idea is called human-on-a-chip. 

The possibilities are endless, and scientists have already de-
monstrated the combination of a bronchial organ-on-chip 
with a liver-on-chip to investigate the potential toxicity of in-
haled substances. [4] More complex biological systems such 
as the female reproductive system have also been success-
fully simulated.[5] The combination of various organ-on-chip 
systems to investigate the crosstalk between different cell 
types and organs is termed multi-organ-chip. 

Figure 3: Organ-on-chip systems combine 2D or 3D cell culture or 
tissue explants with microfluidic devices, which can incorporate 
crucial biological parameters like perfusion or mechanical forces. 
When several organ-on-chip systems are combined, they build a 
multi-organ-platform. These integrate inter-organ communication 
and thereby approximate the human body. 
Lida Ebrahimi

What is organ-on-chip

When talking about an organ-on-chip, scientists actually 
do not refer to an entire mini-organ, but rather to a mul-
ticellular model that simulates certain parts of the tissue 
and its specific functions. Thus, organ-on-chip models are 
micro-engineered bioreactors, which harbour living cells to 
mimic key functional units of organs. The cells in an organ-
on-chip can be provided with a constant flow of nutrients, 
while waste is removed. Furthermore, the devices can be 
used to control parameters like pH, gas concentration or 
pressure to enhance the biological relevance of the system.

German Federal Institute for Risk Assessment. Left: single unit. 
Right: four units running in parallel connected to peripheral 
devices (pumps, sensors, reservoirs etc.) 
Copyright: Norman Ertych
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Another important advantage of organ-on-chip systems is 
that human cells from different individuals can be tested to 
reflect the natural variation between people, which could 
enable the development of personalized treatments. 

Although the described multi-organ-chip systems allow in-
ter-organ studies, they still cannot accurately simulate an 
entire organism. It is thus important to understand that 
this technology will not be able to replace animal use in 
research in the near future. However, scientists are cons-
tantly working to improve the organ-on-chip technology 
to develop better alternative test systems to animal ex-
periments and to establish models for use in personalized 
medicine. The majority of researchers have concerns about 
using animals in research, and we all have to put our efforts 
into protecting them while trying to find alternative met-
hods where possible.�

 

Resources 

	● A virtual tour of labs involved in the EUROoC International Training Network developing organ-on-chip technology. 
	● Watch a video explaining organ-on-chip devices by the School of Engineering and Applied Science,  

University of Pennsylvania. 
	● Learn about drug development stages and organ-on-chip with this drawn explanatory video.
	● Read about how drug design is changing: Houlton S (2019) The changing technologies of drug design.  

Science in School 46:25–28.
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