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The regulatory framework for the use of animals in research in many countries is
based on the 3Rs: replacement, reduction, and refinement [1]. These principles state that
if it is necessary to use animals in experiments, researchers should make every effort to
replace them with non-sentient alternatives, reduce their numbers to a minimum, and re-
fine experiments and housing conditions to minimize pain and distress as much as possi-
ble. Thus, the 3Rs concept serves both as a framework designed to minimize animal use
and suffering (harm to the animal) and as a means to support high-quality science and
translation (benefit to society) [2].

This Special Issue compiles the latest research results and advances relevant to the
3Rs. A total of 23 papers have been published: 12 research articles, 1 commentary, 2 com-
munications, 1 concept paper, 5 reviews, and 2 systematic reviews. The contributions are
listed below.

Most of the published articles and communications have focused on the third R: re-
finement. In terms of husbandry, it has been observed that male CD1 mice raised together
with environmental enrichment in well-ventilated cages showed fewer signs of stress (1).
Conversely, single-housed mice exhibited changes in the immune—endocrine system (2).
Concerning experimental processes, the use of clicker training improved compliance in
the catwalk test (3), and acclimation and saphenous vein puncture for blood collection
reduced stress in C57Bl/6] mice (4). Two articles explore the use of imaging tools to reduce
animal numbers and improve their welfare, employing Positron Emission Tomography
(PET) to track animals throughout their lives (5) and camera-based respiration monitor-
ing, which reduces animal handling (6). In the same vein, a gelatin-based voluntary inges-
tion protocol is proposed to administer drugs (7). Pérez-Martin et al. (8) describe a refined
stereotaxic neurosurgery technique for long-term intracerebroventricular device implan-
tation in rodents. A score sheet is proposed to evaluate the animal welfare of the type 2
diabetes rat model induced by streptozotocin following fructose consumption (9). Two
papers focus on replacement: the use of organoids to evaluate cellular therapies (10) and
a new in vitro assay to determine the biological activity of insulins (11). Peruga and collab-
orators (12) ponder whether current animal models are useful in researching how female
hormones influence orthodontic biomechanics. The fourth R, rehoming, has been a posi-
tive experience using golden hamsters after their use in SARS-CoV-2 vaccine research (13).

In their commentary, Verderio et al. (14) provide an overview of the current status of
the 3Rs and emphasize the need for bioinformaticians to achieve high standards of animal
research. The review articles of this Special Issue have focused on the importance of ani-
mal models in biomedical research (15), the most widely used techniques to implement
the 3Rs in experimental liver research (16), the adverse impacts of sex bias on science and
animal welfare (17), the gaps and challenges in primate pain management (18), and ultra-
sound-guided surgery as a refinement tool in oncology research (19). Regarding system-
atic reviews, one focuses on the possible causes and solutions to aggression between
grouped male mice (20), and the other summarizes published advances in the refinement
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protocols made by European Union-based research groups in the last 10 years (21). Fi-
nally, in his concept paper, David B. Morton (22) proposes a mathematical model to ana-
lyze measurement data to determine the degree of harm (or severity) incurred by an ani-
mal during research. Likewise, De Vleeschauwer et al. (23) developed a severity classifi-
cation for all procedures performed in two Belgian academic biomedical institutions.

Overall, this Special Issue presents a range of perspectives on current research in im-
plementing the 3Rs, from practical applications to theoretical frameworks, all with the
shared aim of enhancing the welfare of laboratory animals.
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