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REDUCING THE NUMBER OF RESEARCH ANIMALS:
HOW IMAGING TECHNOLOGIES CAN HELP
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Even when no other alternatives are available for scientic

YOUNG REVIEWERS . . . : .
experiments, the use of research animals is still a di cult decision.

INTER- : : o
e~ To promote more ethical animal research, scientists must follow the

1 schooL 3Rs principle. Reduction is one of the 3Rs—it involves keeping the

VRS o number of animals used to a minimum, by obtaining information
LAUSANNE from fewer animals or obtaining more information from the same
AGES: 11-12 number of animals. Imaging technologies allow scientists to see

inside of the bodies of live animals without harming them, so that the
animals do not need to be killed for scientists to study their organs.
Using imaging techniques, scientists can study illness and responses
to treatments. Animals can be imaged multiple times in long-term
studies, so imaging techniques protect animal welfare by reducing
the number of animals used in research.

Thanks to the endeavors of the Swiss 3RCC, these articles
have been translated into the three main Swiss languages
of German, French, and Italian .
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3RS

Scienti ¢ principles that
replace, reduce, and
re ne the use of animal
in scienti ¢
experiments, to ensure
humane and caring
animal research.
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RESEARCH IS NECESSARY

Our world continues to be challenged by devastating diseases, as
illustrated only too well by the health emergencies brought on by the
Covid-19 pandemic. Understanding how the bodies of humans and
animals work is very important, because it helps scientists disco ver
new treatments for animal and human diseases. The use of animals
in research has been vital in supporting major medical breakthr oughs,
such as the discovery of vaccines and antibiotics that can preven tand
treat dangerous infections. Research animals have also advan ced our
understanding of genetics and our knowledge of how the body's cel Is
regenerate [1]*.

However, animals are living, feeling beings that can suer pai n and
distress, so using them for research is a di cult decision and m  ust
always be completely necessary and ethically justi able. Mostn  ational
and international laws protect the care and welfare of research
animals, both for the wellbeing of the animals and as a way to support
the highest-quality science. More than 60 years ago, two English
biologists, Russel and Burch, set up the 3Rs principle for performing
humane animal research [2]. The 3Rs principle includes r_eplacement
of animals by alternative methods when possible, reduction of
the number of animals used in research studies, and r_e nement
of experimental methods and housing conditions to minimize the
su ering of laboratory animals.

WHY DO WE STILL USE ANIMALS IN RESEARCH?

Despite great progress in the use of non-animal alternatives (for
example using human samples or computer models), there are
circumstances when animal studies are unavoidable—such as when
studying a disease or testing a new medicine. Testing new drugs on
humans is not ethically possible and, so far, there are no altern atives
to animals that can replicate the complex, interacting parts of a
living body (for example the e ects of the heart beating and blood
circulating under the control of the brain). Researchers have al egaland
ethical responsibility to ensure that the treatments they are studying
are safe to be used in humans or in the animals those treatments
are designed for. There is still an urgent need for better medici nes
and vaccines to treat life-threatening conditions like cancer, b rain
disorders, or pandemics like Covid-19.

Mice are the most-used animals in research. Although much small er
than humans, mice have very similar body functions and share 95 %
of their genes with humans. This means that the way a mouse body

functions and responds to medicines is often very similar to whati s
seen in humans, so using mice in research can be a very informa tive
way for scientists to understand a disease and how it might respond

to treatment. More recently, scientists are increasingly using sh , ies,
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REDUCTION

One of the 3Rs
principles that
promotes the use of
the smallest number of
animals possible, while
still obtaining valuable
research information.

IMAGING
TECHNOLOGIES

Creating pictures of the
inside of a living body
for analysis. These
include techniques
such as X-rays

and ultrasound.
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or worms to study body functions and new drug treatments, but the
anatomy and the body-function di erences between these animals
and humans can be much greater, so there are limits to what these
experiments can tell us.

LET US TALK ABOUT THE 3RS: WHY REDUCTION IS
NEEDED

The 3Rs guide all research that uses animals, promoting the best
animal care to support the highest-quality science. As scientists
become better at understanding human diseases by looking at pati  ents
and working with alternative tests, these approaches will help to
replace the use of animals in research. But in other cases, poss ibly
during the nal stages of testing the safety of new medicines in
complex diseases like cancer or brain disorders, scientists m ay still
need to use animals. When doing studies that require the use
of animals, scientists must follow the reduction and re nement
principles, to reduce the number of animals used and to ensure tha t
they avoid or at least minimize any harm to the animals.

Reduction aims to use the smallest number of animals possible, by
obtaining information from fewer animals or by obtaining a greate r
amount of information from the same number of animals. When
planning a research study to test a new medicine, scientists shoul d
plan how many animals will be needed. This number includes thos e
animals that will be used to test the new medicine and a group
of animals that will experience the same living conditions but do
not receive the medicine, called the control group. Scientists mu st
also think about how many times the animals must be tested or
investigated. For example, animals may receive a medicine that
changes their heart function, so a scientist might need to check
the animals' heart rates every so many hours, days, or weeks, to
study the medicine's e ects. But the scientist might also need to
examine the heart directly, which can only be done after the animal

is humanely killed. This means that, if the scientist wants to study
animals at multiple time points, many animals would need to be
killed. To avoid killing the animals, it would be ideal to be able
to visualize internal tissues and organs in a living animal, witho ut
causing it harm. Visualizing the internal structures of a living animal
would allow scientists to study how the animal's tissues are a ected
during a disease and whether any tissue damage improves with new
medicines. Imaging technologies is a technique that allows scientists
to do precisely this—to look inside an animal's body while it is al ive,
without causing it any harm, to study the animal's organs and functi  ons
(Figure 1).
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Figure 1

During imaging, the
animal is anesthetized
so that it does not
move and does not feel
distress. Imaging
technologies help us to
look directly inside an
animal's body—at its
skeleton or internal
organs like the
heart—without causing
any harm. Once the
animal has been
imaged, it is monitored
closely while it recovers
from the anesthesia,
and then itis
transferred back to its
housing with the other
animals. Most imaging
sessions take

15-30 min and animals
recover well after a
short anesthesia.

ANESTHESIA

The use of medicines
to ensure that an
animal is unconscious
and free of pain during
a medical procedure
like imaging.
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Figure 1

IMAGING TO REDUCE USE OF LABORATORY ANIMALS

Non-harmful imaging technologies, such x-rays or ultrasound , allow
scientists to visualize the skeletons of live animals, to see their h earts
beating, or to observe their brain function. Thus, imaging techno logies
help scientists to study how animals' bodies are a ected by illnes ses
and how they respond to treatments in real time, without the need to
harm or kill them [3].

Imaging is used extensively in animal research, using equipm ent
similar to that used for humans but adapted to the smaller size of
mice, rats, or sh. Unlike humans, animals will generally be pu t to
sleep using anesthesia, so that they do not move around or panic
when they are placed in an unfamiliar environment to be imaged.
Imaging technologies allow scientists to look at the size and shap e
of an animal's organs, to detect tumor growth or a bone fracture,
for example. Imaging also allows scientists to study how organs
function, for example to study an animal's heart beating or blood
moving through the blood vessels to carry oxygen around the body.
Importantly, scientists can also see how an animal's cells and tis sues
respond to in ammation or injury by measuring how much oxygeno r
energy these cells or tissue use.

The ability to take a picture of the structure and function of internal
organs helps scientists get more detailed information from a sin gle
animal, which improves the quality of their research studies. Ima ging
also helps scientists understand animal bodies, which helps them
detect any signs of discomfort so they can act quickly to provide
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Figure 2

Imaging helps scientists
see how internal
organs change as an
animal grows or when
it is treated with a drug.
For example, if animals
have a high body
temperature that
causes in ammation in
the brain, scientists can
use imaging to see
whether brain

in ammation could be
treated by various
medicines. Imaging a
living animal can
provide a lot of
information, which
helps reduce the
number of animals
needed for research
studies.
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animals with better-quality care. This helps to improve animal welf are
(Figure 2).

Figure 2

HOW IMAGING WORKS

There are several imaging techniqgues commonly used for labor atory
animals (Figure 3) [3, 4].

One of the most-used methods is called computed tomography
(CT) scans. CT produces 3D, x-ray-based images of solid tissues
like bones, allowing scientists to study the structure of bone tissue.
This method is very useful for studying bone fractures or change s in
the skeleton.

Magnetic resonance imaging (MRI) maps water molecules in the
tissues to create pictures of soft internal organs such as the heart,
brain, liver, or digestive system. This technique is most often u sed to
analyse the nervous system, especially the brain and spinal cor d.

Nuclear imaging detects radiation emitted by small radioactive tra cer
molecules injected into the body, to analyse the functions of intern  al
organs. Typically, tracers are molecules chemically simila r to glucose,
the body's main energy source. We can image whether these tracers
are rapidly taken up by cancer cells and/or in amed cells insi de the
animal's body. This allows scientists to map where these diseased c ells
are located.
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Figure 3

Animals are imaged
with technologies
similar to those used to
image humans.
Non-harmful physical
and chemical
techniques such X-rays,
the detection of
light-emitting cells, or
ultrasound
(echocardiograms) are
used to look at the
skeleton, examine cell
growth, or assess blood
ow through the heart,
for example. Viewing
cellltissue structure

and function in real
time is very important
for studying diseases
and for nding e ective
treatments, without
harming or killing
animals.

ECHOCARDIOGRAM

Imaging the
heart function
using ultrasound.
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Figure 3

Optical imaging is used to detect cells inside animals' bodies th at can
emit light. This technique is based on the ability of organisms li ke
re ies to make light in their abdomens by a controlled chemical
reaction. Using the same chemical reaction, animal cells can be
modi ed to emit visible light, which helps scientists to identify the ir
locations inside the animal's body. Detecting these glowing cells
is useful for studying cell growth and energy use in cancer cells
for example.

Ultrasound uses high-frequency sound waves produced by the
movement of organs, like the sound waves produced by the heart
beating. These sound waves travel across the animal's body, are
collected, and turned into a moving image. This imaging techniqu e
is commonly used for studying heart function.

Before an imaging study, researchers must con rm the total numbe  rof
number of times that an animal will be imaged and anesthetised. Onl 'y
a limited number of imaging sessions is allowed per animal (gen erally
one to three sessions), and researchers must monitor the health an d
wellbeing of the animals during the entire study.

CONCLUSION

Imaging has dramatically improved animal studies, enabling s cientists
to monitor disease progression in real time and to study the respons es
of animals to medicines without causing them harm [4]. Imaging
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allows scientists to get detailed information on the anatomy and
functions of animals' bodies without the need to kill them to access
their internal organs. This is an important step for reducing then umber
of animals used in research. Importantly, imaging helps scien tists to
better understand an animal's body functions and how they may be

a ected by experimental procedures. This allows scientists to dete ct
early signs of illness or su ering that could cause further dis tress
in the animals. Identifying such e ects early helps scientists to ta ke
immediate actions to improve animal care and welfare and to preven t
or minimize suering (for example by giving painkillers or m ore
nutritious food). Overall, imaging directly bene ts animal welf  are and
improves scienti ¢ research through reducing the number ofres  earch
animals used—a key component of the 3Rs principle.
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