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Are we allowed to do research on animals? 

Is it even possible to conduct research without animal experiments?
Is that ethically justifiable?
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In 1959, William Russel and Rex Burch published their book: "The Principles 
of Humane Experimental Technique". 

The aim of the 3Rs principle is to completely avoid animal experiments 
(replacement) and to limit the number of animals (reduction) and 
their suffering (refinement) in experiments to the indispensable level.

With the European Directive 2010/63/EU, the internationally recognized 3Rs 
principle was incorporated into European law in 2010. 

In 2013 and 2021, it was incorporated into the amended German Animal 
Welfare Act and the Animal Welfare Experimental Animal Ordinance.

3 R Principle
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With regard to the animal experiment application, every applicant who plans 
an animal experiment and applies for an official permit for it must answer the 
following questions in a scientifically justifie d manner: 

1) Is there an alternative method (replacement) for the planned animal 
experiment ?

2 ) Will the number of animals used be limited to the indispensable minimum 
(Reduce)?

3) Are the stresses for the laboratory animals kept as low as possible 
(Refine)?

3 R Principle - Animal experiment application
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ethical concerns
within the society
Replace

Reduction
to essential 
measure

potential harm
inflicted on the
animals
Refinement

anticipated benefits of 
scientific inquiry

Gain knowledge

Ethical Dilemma

Harm – Benefit – Analysis 
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Harm – Benefit – Analysis 

A harm-benefit analysis of the project to assess whether 

“the harm likely to be caused to animals in terms of

the suffering pain and distress is justified by the expected 

outcome taking into account ethical considerations, 

and may ultimately benefit human beings, animals or the 

environment ".

Not the same unit of measurement
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Severity assessment and Welfare indicators

• Conclusion by analogy

• Animal based indicators

• Scientific validated indicators

• Non invasive 



Titel, Vorname, Name
Abteilung, Fachbereich oder Institut

Severity classification of 
repeated isoflurane anesthesia 
in C57BL/6JRj mice
Assessing well-being and distress

Katharina Hohlbaum

Freie Universität Berlin
Department of Veterinary Medicine
Institute of Animal Welfare, Animal Behavior and
Laboratory Animal Science
Institute of Pharmacology and Toxicology

PLoS One. 2017 Jun 15;12(6):e0179588. doi: 10.1371
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Background

• Application of repeated anesthesia

Studies using imaging techniques for small 
animal models

• Directive 2010/63/EU on the protection of
animals used for scientific purposes

Severity classification of anesthesia: mild

• Objective
Does repeated anesthesia cause 
more stress than a single anesthesia?
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Summary
Comparison of single versus repeated isoflurane anesthesia

• Stages of anesthesia

• Mouse Grimace Scale

• Luxury behavior

• Free exploratory 
paradigm

• Food intake
& body weight

• Corticosterone

• Stages of anesthesia

• Mouse Grimace Scale

• Luxury behavior

• Free exploratory 
paradigm

• Food intake
& body weight

• Corticosterone

repeated anesthesia
increased excitations and the

duration of inductionboth single and
repeated anesthesia impaired
well-being in the immeditate

postanesthetic period

repeated anesthesia
increased anxiety one day

after last anesthesia

no weight loss despite
reduced food intake caused by

repeated anesthesia
no effects on stress hormone

levels detectable

repeated anesthesia impaired
well-being in the immeditate

postanesthetic period
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Conclusion

o Repeated isoflurane 
anesthesia caused short-
term mild distress and 
reduced well-being mainly 
in the immediate 
postanesthetic period.

o Well-being of females was 
more affected compared to 
males.

o Both single and repeated 
isoflurane anesthesia in 
C57BL/JRj mice can be 
classified as mild.
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Assessment of Well-Being in Mice for 
Procedures Using General Anesthesia

Katharina Hohlbaum1,2, Bettina Bert2,3, Silke Dietze2, Rupert Palme4, Heidrun Fink2, Christa Thöne-Reineke1

1Institute of Animal Welfare, Animal Behavior and Laboratory Animal Science, Department of Veterinary Medicine, Freie 
Universität Berlin, 2Institute of Pharmacology and Toxicology, Department of Veterinary Medicine, Freie Universität Berlin, 
3German Federal Institute for Risk Assessment (BfR), 4Unit of Physiology, Pathophysiology and Experimental Endocrinology, 
Department of Biomedical Sciences, University of Veterinary Medicine

We developed a protocol to assess well-being in mice during procedures using 
general anesthesia. A series of behavioral parameters indicating levels of well-being 
as well as glucocorticoid metabolites were analyzed. The protocol can serve as a 
general Assessment of Well-Being in Mice for Procedures Using General Anesthesia.

J. Vis. Exp. (133), e57046, doi:10.3791/57046 (2018)

Reliability of the Mouse Grimace Scale in 
C57BL/6JRj Mice. 
Hohlbaum, K.; Corte, G.M.; Humpenöder, M.; Merle, R.; Thöne-Reineke, C. Animals 2020, 10, 1648. .



Titel, Vorname, Name
Abteilung, Fachbereich oder Institut

Towards an automated 
surveillance of well-being in 
mice
Facial expression analysis using Deep
Learning

Andresen N, Wöllhaf M, Hohlbaum K, Lewejohann L, Hellwich O, 
Thöne-Reineke C, Belik V. Towards a fully automated surveillance of 
well-being status in laboratory mice using deep learning: starting with 
facial expression analysis.  PLoS One. 2020; 15(4): e0228059. 
Published online 2020 Apr 15. doi: 10.1371/journal.pone.0228059
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* Veterinarian, Doctoral Student

Department of Rheumatology and Clinical Immunology, Charité – Universitätsmedizin Berlin

German Rheumatism Research Centre (DRFZ) Berlin

Institute of Animal Welfare, Animal Behavior and Laboratory Animal Science, Department of Veterinary Medicine, Freie Universität Berlin

Improving pain management in
mouse osteotomy models

Evaluation of a
new microparticulate depot formulation of 

buprenorphine
for sustained post-surgical analgesia”

Angelique Wolter*, Christian H. Bucher, Sebastian Kurmies, Viktoria Schreiner, Frank Konietschke, Katharina Hohlbaum, Robert
Klopfleisch, Max Löhning, Christa Thöne-Reineke, Frank Buttgereit, Jörg Huwyler, Paulin Jirkof, Anna E. Rapp, Annemarie Lang
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In collaboration with:
• Prof. Dr. Jörg Huwyler (Universität Basel)
• Viktoria Schreiner (Universität Basel)

New sustained-release Buprenorphine for 
prolonged analgesic effect after surgical 

interventions in Europe

Already tested in initial studies in vivo for 
pharmacokinetics and efficacy

Schreiner et al. Design and in vivo evaluation of a microparticulate depot formulation of buprenorphine for veterinary use.
Scientific Reports. 2020
Schreiner et al. Buprenorphine Loaded PLGA Microparticles: Characterization of a Sustained-Release Formulation.
Journal of Drug Delivery Science and Technology. 2021

PAIN MANAGEMENT IN MOUSE OSTEOTOMY MODELS
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• Male and female mice

• Pain management protocols
Sustained-release Buprenorphine* 
Tramadol with the drinking water**

• External Fixator
Rigide

Flexibel

EVALUATION OF A NEWLY DEVELOPED SUSTAINED-RELEASE BUPRENORPHINE 

Osteotomy = 
purposeful cutting of 

the bone with 
subsequent fixation

Das Bild kann nicht angezeigt werden.Das Bild kann nicht angezeigt werden.

** 0.1 mg/ml 
*  1x s.c during intervention
** 1d pre- and 3d post 
intervention



17

EVALUATION OF A NEWLY DEVELOPED SUSTAINED-RELEASE BUPRENORPHINE 

Das Bild kann nicht angezeigt werden.Das Bild kann nicht angezeigt werden.

** 0.1 mg/ml 
*  1x s.c during intervention
** 1d pre- and 3d post 
intervention

Consecutive study design

Consideration of all parameters in the same animals:
after anesthesia & analgesia 

after osteotomy (incl. anesthesia & analgesia)

• Anesthesia influence
• Reduction of the number of animals

• Individual control
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Training of the animals

Tunnelhandling

Positive reinforcement in the form of chocolate

No aversive behavior

Detection of low/medium pain in mice is difficult

Use of clinical, behavioral, and model-specific parameters

CLINICAL, BEHAVIORAL, AND MODEL-SPECIFIC PARAMETERS
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CLINICAL, BEHAVIORAL, AND MODEL-SPECIFIC PARAMETERS

Detection of low/medium pain in mice is difficult

Use of clinical, behavioral, and model-specific parameters

• Food intake 
• Water intake
• Body weight
• Nest score 
• Exploratory test
• Composite score
• Gait and stance analysis 
• CatWalk analysis
• Rear up Time
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Dr. Annemarie Lang (Charité)
Dr. Anna Rapp (Charité)
Prof. Dr. Frank Buttgereit (Charité)
Prof. Dr. Christa Thöne-Reineke (FU Berlin)
Dr. Katharina Hohlbaum (FU Berlin/BfR)
Dr. Christian Bucher (Julius Wolff Institut)
Dr. Paulin Jirkof (UZH)
Dr. Viktoria Schreiner (Universität Basel)
Prof. Dr. Jörg Huwyler (Universität Basel)

SUMMARY AND OUTLOOK

Sustained-release Buprenorphine in Europe

• Potential alternative for pain management in laboratory mice

• Testing in additional mouse models is still pending

• However, currently:
• not approved
• only applicable as a test substance for evaluation in animal experiments

Evaluation of the efficacy of a newly developed sustained-release Buprenorphine in two mouse osteotomy models:

Does the administration of the sustained-release Buprenorphine ensures adequate analgesia and is therefore a 
potent alternative for the application of Tramadol via drinking water?

Paper available as Preprint: bioRxiv: A Buprenorphine depot formulation provides effective
sustained post-surgical analgesia for 72h in mouse femoral fracture models
(https://www.biorxiv.org/content/biorxiv/early/2022/08/06/2022.07.05.498859.full.pdf) 

Sustained-release Buprenorphine:

Analgesic coverage after osteotomy for 72h

Analgesia ensured in both sexes and both fixations

Comparable to Tramadol in drinking water
… potentially superior to Tramadol in drinking water in the male group with the flexible fixators

No effect on fracture healing 
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RefineMon
Dr. Mechthild Wiegard

"Development of a system for quality assurance and refinement of animal experiments in sheep on the
basis of objective sensory recorded behavioural parameters".

Cooperation project between veterinary medicine (FU Berlin), agricultural sciences (HU Berlin), electronics
development company, quality management systems institution.

Sheep are flight animals that mask their health status to protect themselves from predators.
Short-term observations, especially in the presence of an observer,  are often unsuitable for drawing the right
conclusions about pain, suffering or damage, 

Development of a sensor to record the chewing activity

Measured variables: Food intake, chewing activity, movement

Application: 1) severely impaired (e.g. recently operated) animals,  for whom repeated clinical examinations 
would be (heavy) additional burden   

2) Animals that have largely recovered and have been released from and are being discharged from close 
health surveillance,  in which subclinical symptoms may not be noticed on visual examination and where 
disturbances of well-being would therefore only become clinically apparent at an advanced stage

Possibility for refinement, if monitoring of animals is non-invasive and telemetric
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• Routine technique of blood sampling in the awake pig: 

• Puncture of the cranial vein or external jugular vein in an animal fixed in an upper 

• animal fixed in a maxillary sling.

Aims:

• How stressful is the routine blood collection technique actually for minipigs?

• How much of the observed stress is due to the fixation of the animals?

• Can minipigs be trained so reliably that fixation by means of a maxillary sling can 
be dispensed with during blood collection?

• Can the stress during blood collection in minipigs be reduced by training? 

Stress reduction through training ("positive reinforcement")
Delia Fiderer, Prof. Dr. Thöne-Reineke, Dr. Mechthild Wiegard



23

Parameter:
Serum cortisol concentration (ELISA) Blood samples (BP)
Saliva cortisol concentration (ELISA) before, as well as 10, 30 and 50 min after BP
Heart rate (Polar 10 sensors) before, during and after BP

Stress reduction through training ("positive reinforcement")
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Stress reduction through training ("positive reinforcement")

Conclusions:

Blood collection with fixation in the maxillary snare leads to stress in minipigs.

Fixation in the maxillary snare is the major stressor, compared to cannula insertion.

Minipigs can be trained to tolerate aversive stimuli, such as puncture of skin and 
underlying tissue, without fixation.

The stress (caused by fixation) associated with blood sampling in the minipig can be 
significantly reduced through training.

Training is applied refinement and has a positive effect due to less

stress-induced scattering of test results, it also has potential for Reduction
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Training and Handling as applied refinement

Non-aversive mouse handling techniques: A survey on the acceptance and 
concerns of the animal facility and scientific staff. 

Hohlbaum K, Humpenöder M, Nagel-Riedasch S, Ullmann K, Thöne-Reineke C. 
ALTEX. 2020;37(4):671-674. doi: 10.14573/altex.2005121
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Refinement - Cognitives Enrichment

Leidinger et.al., 2017
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Refinement - Cognitives Enrichment

Training success Stress Resignation

Leidinger et.al., 2017
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Charité 3R – Cooperationen

Refinement Call:
Social enrichment by partner-housing of male C57BL/6JRj mice?
Ullmann, K1, 2, , Hohlbaum, K3, Frahm-Barske, S4, , Rex, A, Thöne-Reineke, 
C3, Scientific reports, 2020

1)FEM, Charité - Universitätsmedizin Berlin, Berlin, Germany
2)Charité 3R, Charité - Universitätsmedizin Berlin, Berlin, Germany
3)Institute of Animal Welfare, Animal Behavior, and Laboratory Animal Science, Department of Veterinary Medicine, Freie Universität Berlin, Berlin, Germany
4)Institut für Pharmakologie, Charité - Universitätsmedizin Berlin, Berlin, Germany
5)Department of experimental Neurology, Charité - Universitätsmedizin Berlin, Berlin, Germany

Effects of separated pair housing of female C57BL/6JRj mice on well-
being. Hohlbaum K, Merle R, Frahm S, Rex A, Palme R, Thöne-Reineke C, 
Ullmann K. Sci Rep. 2022 May 25;12(1):8819. doi: 10.1038/s41598-022-
12846-6. PMID: 35614188

Stress hormones or general well-being are not altered in immune-
deficient mice lacking either T- and B- lymphocytes or Interferon gamma
signaling if kept under specific pathogen free housing conditions.
Jeuthe S1, Thöne-Reineke,C2, Kammertöns T1, 1 ,³ PLOS ONE, 2020
1) Max Delbrück Center for Molecular Medicine
2)Institute of Animal Welfare, Animal Behavior, and Laboratory Animal Science, Department of Veterinary Medicine, Freie Universität Berlin, Berlin, Germany
³) Charité - Universitätsmedizin Berlin
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Central ethical question concerning animals

Is it allowed for humans to use animals
for their purposes / interests

YES – but not without ethical consideration of interests
To implement the perspective of the animals

Is it necessary to justify actions
with / against animals

CAVE: Agreement of interests may change:
Ethical concepts can change

according to current/dynamic agreements within the society

YES – based on approval of competent authority
with harm benefit analysis and ethical justification

Conclusion
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Thank you for your attention!

Deutsche Forschungsgemeinschaft,
Germany’s Excellence Strategy
EXC 2002 “Science of Intelligence” 
(Projektnummer 390523135)


