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Ethics in biomedicalresearch

Study 1

ÅSubjectwrappedin 
neoprene and  
immersedin cold
water (5°C) till lossof 
life.

ÅAim: evaluatethe 
performance of 
militaryclothing

Study 3 

ÅEye drops are 
administeredto 
the subjecttwicea 
day for 10 days.    

ÅAim: evaluatethe 
irritancyand 
toxicityof mascara.

Study 2

ÅSubjectadministeredan 
intravenousdrugevery
3 days. After 30 days the 
subjectiseuthanisedto 
inspecttissuedamage.

ÅAim: to evaluatethe 
side effectsof an anti-
cancerdrug.



Whatisethics?

ÅEthicsand moralsǊŜƭŀǘŜ ǘƻ άǊƛƎƘǘέ ŀƴŘ άǿǊƻƴƎέ ŎƻƴŘǳŎǘΦ ²ƘƛƭŜ ǘƘŜȅ 
are sometimes used interchangeably, they are different: ethicsrefer 
to rules provided by an external source, e.g., codes of conduct in 
workplaces or principles in religions. MoralsǊŜŦŜǊ ǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 
own principles regarding right and wrong. 

ÅThe two may be in conflict. 

ÅSociety generally agrees that consensual sex before marriage is 
acceptable. However my mother thinks it is immoral.

Å.ȅ ǘƘŜǎŜ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ǘƘŜ ǘŜǊƳǎΣ Ƴȅ ƳƻǘƘŜǊΩǎ moralitycontradicts 
the ethicsof the community. 



But what does ethics have to do 
with research?
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They think it only applies to the 

application of results and so is a 

technology and political issue.

Many researchers think that the 

pursuit of knowledge is above 
ethics and morals



E=mc2



Biomedicalresearch

ÅBiomedical Science: Science applied to 
health.

ÅBiomedicalEngineering: Application of 
engineering principlesto human health

Science

Technology

Society



Ethics in biomedicalresearch

ÅProfessional conduct
ÅUse of living beings



The 7 rules of professionalconduct
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ÅDo not copy data and texts from others (do not commit plagiarism)

ÅDo not manufacture and falsify data

ÅIt is incorrect to not publish some data

ÅImproper data collection procedures are incorrect

ÅImproper procedures for storing and storing data are incorrect

ÅThe non (or incorrect) -recognition of contributions by others in the research is misconduct.

Å It is incorrect to use improper publication methods

Similar rules apply when reviewing and proposing results



Falsifying data

The Japaneseboss committedharakiri after a month



Not acknowledging others

ÅWatson and Crick, with Wilkins 
won the Nobel Prize (1962) for 
deducing the structure of DNA. 
They used data from a researcher 
(Rosalind Franklin) to do it, but 
Franklin was never recognized



PlagiarismL

ÅSelf plagiarism==Rehashing

ÅCopying bits of text or results from others

ÅUsing ideas without reference or acknowledgement

ά¸ƻǳǊ ǿƻǊƪ ƛǎ ōƻǘƘ ƎƻƻŘ ŀƴŘ ƻǊƛƎƛƴŀƭΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅ ǘƘŜ ǇŀǊǘǎ ǘƘŀǘ ŀǊŜ 
ƎƻƻŘ ŀǊŜ ƴƻǘ ƻǊƛƎƛƴŀƭΣ ŀƴŘ ǘƘŜ ǇŀǊǘǎ ǘƘŀǘ ŀǊŜ ƻǊƛƎƛƴŀƭ ŀǊŜ ƴƻǘ ƎƻƻŘέΦ



Ethicalconductand living beings

ÅHuman beings ÅAnimals



Humansin biomedicalresearch

In the past:  

- War prisonersand refugees(1941-1946)

- Tuskegeescandal(1932-1972)

- Vipeholmexperiments(1945-1955)

More recent

ÅHelsinki declaration, ethical principles for human medical 
experimentation: (1975, 1996, 2000)

ÅInformedconsentand patient protectiom.



Informedconsent

ÅInformed Consent is the decision, which must be written, dated and 
signed, to take part in a clinical trial or medical experiment, taken 
freely after being duly informed of its nature, significance, 
implications and risks and appropriately documented, by any person 
capable of giving consent or, where the person is not capable of 
giving consent, by his or her legal representative; if the person 
concerned is unable to write, oral consent in the presence of at least 
one witness may be given in exceptional cases, as provided for in 
national legislation.

ÅMinors: parents.

ÅDead persons: next of kin



Informingiscrucial

5ƻƴΩǘ ǘƻǳŎƘ Ƴȅ 
ƘǳǎōŀƴŘΩǎ ōƻŘȅΗ 
If John died of a 
brain tumor then 

so can others.

Yes. If he can 
saveǎƻƳŜƻƴŜΩǎ
life hisdeathwill

not be in vain





Animal models: genetic similarity

Chimpanzee: 96%
Cat: 90%
Cow: 80%
Mouse: 75%
Drosophila: 60%
Banana: 50%



Debate for and against animal 
research

ÅWould you give your child a medicine which has not been tested?

ÅWhy should an animal not be allowed to give consent?

ÅThe animal dies for a greater good

ÅA human is not a 70 kg rat

ÅAnimal research has helped save lives

Å92% of drugs fail after clinical trails

ÅAnimal research has led to great discoveries

ÅΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ



The 3Rs Principles

ÅIn 1959, Rex Burch and William Russell proposed a principle for 
humane animal experimentation (Russell, Burch, The principles of 
humane experimental technique, 1959).

ÅThe 3R principles refers to three fundamental concepts: replacement, 
reduction and refinement.

ÅReplacement: replace the animal model with an alternative model;

ÅReduction: reduce the number of individuals used in a certain 
experimental protocol as much as possible;

ÅRefinement: to refine, or improve, the experimental conditions to 
which animals are subjected.



9ǳǊƻǇŜΩǎ ƭŜƎƛǎƭŀǘƛƻƴ ƻƴ ŀƴƛƳŀƭ 
testing (EC Directive 2010/63)

ÅIn Europe, the law prohibits the sale of cosmetic products tested on 
animals (since March 2013 in absolute terms and since 2009 in large 
part).

ÅIn Italy the use of primates in laboratories is prohibited.

ÅHowever, drugs must (by law) undergo different stages of 
experimentation:

ÅAt least 2 live animal species

ÅAt least one must be non-rodent

ÅIn other countries (USA, Japan, India, China) laws are less stringent



Biomedical research: replacement

Liver

Pancreas

Blood 
vessels



Replacement

In vitro methods
ÅOrgan-on-a-chip
ÅBody-on-a-plate ÅIn silicomethods



The animalmodel in medical
device testing

ÅSafetytesting
Åbiocompatibility

ÅPerfomancetestingfor pre-clinicalassessment
ÅComplexanatomies

ÅComplexphysiologicalresponses

ÅQualitycontrol
Åtest for absenceof pyrogensin the infusional/ implantabledevices



Biocompatibility

ÅBlood compatibility

ÅLocal and systemictoxicity

ÅIrritation, sensitization

ÅLocal effectsat implants

ÅGenotoxicityand reproductive/ 
developmentaltoxicity

Bone to implant contact
is a greatparameterto 
evaluatehow well the 
implant is healed

Skinirritation test



Almostallmedicaldevicesshallbe testedfor materialbiocompatibility



Performance testing

ÅCompatibility with bloodflows
ÅFor example: haemolysisof haemo-dializerscapiliaries

ÅFor example: calcificationof heart valves

ÅBone- implant interactionsfor osteointegration
ÅFor example: dental implantosteointegrationover time, capabilityto sustainthe load

ÅBio- resorbableimplants: time of healing, time of resorbtion, drugcinetics
ÅFor example: bone fillers, soft tissuefillers

ÅFor example: antiobiotatedbone cement

ÅFatigue
ÅFor example: hip implants; heartvalves



Replace

ÅIn vitro methodsfor pyrogentesting

ÅSimulators
ÅFor example: organoidsfor localpharmaco-kineticsand toxicology

ÅFor example: artificialskinfor sensitizationeffects

ÅFor example: FEA simulationsfor fatigueof nitinol stents

ÅFor example: dummiesfor implantsand for invasive devices

ÅFor example: rhythm simulators for ECG

ÅCadaverlabs
ÅFor example: For fine-tuningof surgicalprocedures



Simulators

Åecg
ÅAnatomicalsettings

ÅUltrasoundcompatible

ÅGenerichealthyanathomyfor 
CVC placement

Lessthan 1000 euros... All
the simulatedpathological
ECGsyoumayneed

Still can not reproducea complex
systemsuchasa living organsystem



Cadaverlab isan ethicaland 
technologicalchallenge

ÅComplexanatomies ÅComplexethics

Not reallysavinglivesΧΦ Wǳǎǘ ǘŜǎǘƛƴƎ dental implants
for astheticresults

Nasalendoscopycan ensurecorrectintubation



Reduce

ÅNew ISO 10993 standard for biocompatibility

ÅReducesoverallnumberof animalsby requestingpreliminaryphysico-
chemicalassessment
ÅOf material

ÅOf extractablesand leachables

ÅSome test for sensitization, irritation, toxicitymaybe waived



Refine

ÅChoosethe correctmodel!
ÅSometimesthe big animalmodel is the mostappropriate

Åspecificanimal- model protocolswith multiple observationend points
ÅLocal effectsat implant+ osteointegration

ÅHaemocompatibilityand long term implanteffectsfor systemictoxicity

Åspecificanimal- model protocols, control groupsfrom veterinary
clinicalmedicine



A heart-warming example: test 
for pyrogens

Rabbit 
model

Gel clot model LAL
In vitro MAT 

test

Multiple injectionsin cagedmammals
Blood samplingof crabs, non-
life threatening

In vitro Test on monocytes

1941 to late 1980 State of the art Under validation



Study 1

ÅSubjectimmersedin 
coldwater (5°C) till
lossof life.

ÅAim: evaluatethe 
performance of 
militaryclothing

Study 3 

ÅEye drops are 
administeredto 
the subject, twicea 
day for 10 days.    

ÅAim: evaluatethe 
irritancyand 
toxicityof mascara.

Study 2

ÅThe subjectis
administeredan 
intravenousdrugevery
3 days. After 3 days the 
subjectiseuthanisedto 
inspecttissuedamage.

ÅAim: to evaluatethe 
side effectsof an anti-
cancerdrug.

Questions

1941, Dachau

2014,  Italy

Bannedin Europe since2013
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