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Rodents, particularly mice and rats, are indispensable to life
science research and have enabled major breakthroughs in
understanding biology, uncovering disease mechanisms, and
developing new therapies. Despite the FDA's recent plans to
phase out certain mandatory animal-testing requirements
and the European Commission’s preparation of a “Roadmap
Towards Phasing Out Animal Testing for Chemical Safety
Assessments (Communication C(2023)5041)," animal mod-
els remain essential for translating basic scientific discover-
ies into medical advances and for improving both human and
animal health. From the earliest physiological experiments
that revealed the beating of the heart and the function of the
nervous system, to discoveries that led to antibiotics, vac-
cines, and gene therapies, laboratory animals have been at
the foundation of nearly every medical advance. Their contri-
bution deserves deep appreciation and ethical reflection. The
use of animals in scientific inquiry is deeply rooted in human
history, from Aristotle’s early dissections to the controlled ex-
perimental work of Pasteur and Lavoisier that shaped mod-
ern biomedicine [1]. With the advent of preclinical testing,
drug discovery, and genetic engineering, animal models have
become indispensable for studying disease mechanisms
and evaluating therapeutic safety and efficacy.

Despite the goal of minimizing animal use and eventu-
ally phasing it out as soon as scientifically feasible, the

Glodavci, zlasti misi in podgane, so nepogresljivi v znan-
stvenih raziskavah in so omogocili kljucne preboje pri ra-
zumevanju biologije, odkrivanju mehanizmmov bolezni ter
razvoju novih terapij. Kljub nedavnim nacrtom FDA za
postopno opusCanje testiranja na zivalih ter “Nacrta za
postopno odpravo testiranja na zivalih pri oceni kemijske
varnosti (Communication C(2023)5041)" s strani Evropske
komisije, Zivalski modeli ostajajo bistveni za prenos temelj-
nih znanstvenih odkritij v medicinski napredek ter za iz-
boljSanje zdravja ljudi in Zivali. Od najzgodnejsih fizioloskih
poskusov, ki so razkrili utripanje srca in delovanje zivcne-
ga sistema, do odkritij, ki so vodila do antibiotikov, cepiv in
genskih terapij, so laboratorijske Zivali temelj skoraj vsa-
kega medicinskega napredka. Njihov prispevek si zasluzi
globoko spostovanje in eticni premislek. Uporaba zivali v
znanstvenem raziskovanju ima globoke korenine v ¢loveski
zgodovini, od Aristotelovih zgodnjih seciranj do nadzorova-
nih eksperimentalnih del Louisa Pasteurja in Lavoisierja, ki
so oblikovala temelje sodobne biomedicine [1]. Z razvojem
predklinicnega testiranja, odkrivanja zdravil in gensko-inze-
nirskih pristopov so zivalski modeli postali nepogresljivi za
preuCevanje mehanizmov bolezni ter ocenjevanje varnosti
in ucinkovitosti terapij.

Kljub cilju zmanjSevanja uporabe zivali in njenega posto-
pnega opuscanja, takoj ko bo to znanstveno izvedljivo,
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complexity of biological systems cannot yet be fully repli-
cated in vitro, emphasizing the value of research animals
[1-3]. As Perlman (2016) noted [2], the scientific power of the
mouse model arises from its shared biological foundations
with humans, yet responsible use requires an understanding
of the evolutionary, metabolic, and immunological differenc-
es that have emerged between species. Comparative biology
has therefore been central to translational research, enabling
the identification of conserved molecular and physiological
mechanisms that underpin health and disease, while also
highlighting where interspecies variation limits direct extrapo-
lation. The success of an animal model depends not on its
exact resemblance to humans, but on a deep understanding
of where those parallels and divergences lie. PerSe (2024) [3]
emphasized the importance of accounting for both strain-
and speciesspecific differences. For example, while rodents
share fundamental aspects of mammalian neurobiology, me-
tabolism, and immune function, differences in lifespan, circa-
dian regulation, and behavioral complexity must be carefully
considered when interpreting data. As Mukherjee et al. (2022)
noted, appreciating this continuum of similarity strengthens
the predictive power of preclinical research and prevents both
overinterpretation and unnecessary repetition of studies [1].

Accordingly, studying animal biology does not only serve
human medicine but also advances veterinary knowledge,
contributes to conservation and welfare science, and deep-
ens our understanding of life’s diversity. By valuing both what
unites and what distinguishes species, we uphold a more
ethical, precise, and scientifically rigorous approach to animal
research.

Traditionally, animal research relied on direct observation and
handling to collect data; approaches that are often subjective,
time-consuming, and can introduce stress to animals that
also alters natural behavior and confounds results. Modern
technology, advanced sensors, and computational methods
now enable researchers to follow animals continuously and
with minimal interference. Similar tools are already improving
welfare monitoring in companion animals [4] and production
species such as poultry [5], pigs, and cattle [6]. In laborato-
ry animal science, this technological shift has produced an
entire generation of systems for automated behavioral and
physiological tracking [7]. Among these approaches, home-
cage monitoring

(HCM) uniquely captures an animal’'s spontaneous, undis-
turbed behavior, important in oncology, neuroscience, and
ageing studies, but also enhancing animal welfare [8, 9]. This
approach is in line with the ethical and scientific framework
of the 3Rs (Replacement, Reduction, and Refinement) intro-
duced by Russell and Burch in 1959 [10]. Replacement en-
courages the use of alternatives such as organoids and in-sili-
co models; Reduction seeks to obtain more information from
fewer animals; and Refinement aims to minimize pain, stress,
and discomfort. Further details on HCM are presented in a
paper in this volume by Kaura et al. [11]. The authors conclude
that integrating automated systems into daily husbandry is
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zapletenosti bioloskih sistemov Se ni mogoce v celoti po-
snemati in vitro, kar poudarja vrednost raziskovalnih zivali
[1-3]. Kot je zapisal Perlman (2016) [2], znanstvena mo¢
misjega modela izhaja iz skupnih bioloskih temeljev s Clove-
kom, vendar odgovorna uporaba zahteva razumevanje evo-
lucijskih, presnovnih in imunoloskih razlik, ki so se pojavile
med vrstami. Primerjalna biologija je zato osrednja za tran-
slacijske raziskave, saj omogoca prepoznavanje ohranje-
nih molekularnih in fizioloskih mehanizmov, ki so podlaga
zdravju in bolezni, hkrati pa razkriva, kje medvrstne razlike
omejujejo neposredno ekstrapolacijo.

Uspesnost zivalskega modela ne temelji na njegovi popolni
podobnosti ¢loveku, temvec na poglobljenem razumevanju,
kje potekajo vzporednice in kje razhajanja. PerSe (2024)
[3] je poudarila, da je pri uporabi Zivalskih modelov klju¢no
upostevati tako razlike med posameznimi sevi kot tudi med
vrstami. Ceprav glodavci z ljudmi delijo $tevilne osnovne
znacilnosti nevrobiologije, metabolizma in imunskega sis-
tema, se razlikujejo v zivljenjski dobi, cirkadianih ritmih in
vedenjski kompleksnosti; dejavniki, ki jih moramo pri inter-
pretaciji rezultatov nujno vkljuciti. Kot navaja Mukherjee s
sod. (2022), razumevanje tega kontinuuma podobnosti
krepi napovedno moc predklinicnih raziskav ter preprecCuje
tako pretirano interpretacijo kot tudi nepotrebno ponavljanje
Studij [1].

V skladu s tem preucevanje biologije zivali ne sluzi zgolj hu-
mani medicini, temvec tudi rezultira v napredujocem vete-
rinarskem znanju, prispeva k varstvu narave in znanosti o
dobrobiti ter poglablja naSe razumevanje raznolikosti zivlje-
nja. S tem, ko cenimo tako tisto, kar vrste povezuje, kot tisto,
kar jih razlikuje, ohranjamo bolj eticen, natancen in znan-
stveno strog pristop k raziskavam na Zivalih.

Tradicionalno so se raziskave na zivalih zanasale na nepos-
redno opazovanje in rokovanje za zbiranje podatkov. Gre
za pristopa, ki sta pogosto subjektivna, zamudna in lahko
povzroCata stres Zivalim, kar spremeni njihovo naravno ve-
denje ter popaci rezultate. Sodobna tehnologija, napredni
senzorji in racunske metode pa danes omogocajo razisko-
valcem, da zivali spremljajo neprekinjeno in z minimalnim
posegom. Podobna orodja se ze uporabljajo za spremljanje
dobrobiti pri domacih Zivalih [4] ter pri rejnih Zivalih, kot so
skih zivalih je ta tehnoloski premik prinesel celotno genera-
cijo sistemov za avtomatizirano spremljanje vedenjskih in
fizioloSkih parametrov [7]. Med temi pristopi je spremljanje
v domaci kletki (angl. home cage monitoring; HCM) edin-
stveno, saj zajema spontano, nemoteno vedenje zivali, kar
je pomembno v onkologiji, nevroznanosti in raziskavah sta-
ranja, hkrati pa izbolj$uje dobrobit Zivali [8, 9].

Ta pristop je v skladu z eti¢nim in znanstvenim okvirom
nacel 3R (zamenjava, zmanjsanje in izboljSanje), ki sta
ga Russell in Burch predstavila leta 1959 [10]. Zamenjava
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not merely a technical improvement but a meaningful ad-
vancement in animal welfare - and, consequently, in the qual-
ity of the science itself. Veterinarians hold a central role in this
transformation. As experts in animal health, anesthesia, and
welfare assessment, they ensure humane treatment and sci-
entific validity throughout experimental processes. Their in-
sight bridges research and ethics, from experimental design
and refinement of procedures to postoperative care and wel-
fare monitoring. Moreover, their understanding of interspe-
cies similarities and differences allows the responsible trans-
lation of animal findings to human and veterinary medicine.

The concept of welfare has evolved beyond preventing harm
to promoting positive affective states, as described by the
Five Domains Model [12]. Achieving this requires moving from
minimal, standardized housing toward complex, species-ap-
propriate environments and continuous welfare assessment
enabled by digital technologies. By combining veterinary ex-
pertise, behavioral science, and data-driven approaches, the
fleld can move toward a paradigm where welfare and scien-
tific quality are mutually reinforcing rather than competing
priorities.

Researchers are actively seeking reliable and effective alter-
native methods, including organon-a-chip systems, artificial
intelligence for large-scale data analysis, and 3D bioprinted
tissues.

However, replacements do not yet exist for all organs, and
further advances are needed to accurately replicate how or-
gans function in coordination. This underscores the ongoing
importance of humane animal research, emphasizing con-
tinuous improvements in welfare whenever alternatives are
unavailable. The future of laboratory animal science lies in
datadriven refinement combined with compassionate inno-
vation. By appreciating the historic role of animals in scientific
discovery and embracing technologies that respect their biol-
ogy and wellbeing, researchers and veterinarians can ensure
that animal research remains ethically sound, reproducible,
and societally accepted. Looking ahead, our guiding principle
is to honor the contributions of laboratory animals by mini-
mizing their burden, maximizing the knowledge gained from
each life, and empowering veterinarians and researchers to
pursue excellence guided by empathy.

spodbuja uporabo alternativ, kot so organoidi in in silico mo-
deli; zmanjsanje si prizadeva pridobiti ve¢ informacij z manj
Zivalmi; izboljSanje pa stremi k zmanjSanju bolecine, stresa
in neugodja. Nadaljnje podrobnosti o HCM so predstavljene
v Clanku v tej Stevilki, ki so ga pripravili Kaura s sodelavci
[11]. V njem avtorji poudarjajo, da vklju¢evanje avtomatizira-
nih sistemov v vsakodnevno oskrbo zivali ni zgolj tehnicna
nadgradnja, temve¢ pomemben napredek na podroc¢ju dob-
robiti in posledicno tudi kakovosti same znanosti. Veterinarji
imajo v tej transformaciji osrednjo vlogo. Kot strokovnjaki
za zdravje zivali, anestezijo in oceno dobrobiti zagotavlja-
jo humano ravnanje in znanstveno veljavnost skozi celoten
eksperimentalni proces. Njihov vpogled povezuje raziskave
in etiko, vse od zasnove poskusov ter izboljSanja postopkov
do pooperativne oskrbe in spremljanja dobrobiti. Poleg tega
jim razumevanje podobnosti in razlik med vrstami omogo-
Ca odgovorno translacijo ugotovitev iz raziskav na zivalih v
medicinsko in veterinarsko prakso.

Koncept dobrobiti se je razvil onkraj preprecevanja Skode
in vklju¢uje spodbujanje pozitivnih afektivnih stanj, kot jih
opisuje model petih domen [12]. Doseganje tega zahteva
premik od minimalnih, standardiziranih bivalnih pogojev h
kompleksnim, vrstno primernim okoljem ter neprekinjene-
mu spremljanju dobrobiti, ki ga omogocajo digitalne tehno-
logije. S povezovanjem veterinarske strokovnosti, vedenj-
skih znanosti in pristopoyv, temeljecih na podatkih, se lahko
podrocCje premakne k paradigmi, v kateri sta dobrobit in
znanstvena kakovost medsebojno podpirajoci.

Raziskovalci aktivno iSCejo zanesljive in ucinkovite alterna-
tivne metode, vkljucno s sistemi

»organ-on-a-chip, umetno inteligenco za obsezno ana-
lizo podatkov ter 3D biotiskom tkiv. Vendar zamenjave Se
ne obstajajo za vse organe. Potrebne so tudi nadaljnje raz-
iskave, da bomo znali natan¢no posnemati koordinirano
delovanje organov. To poudarja stalni pomen humanega
raziskovanja na zivalih in potrebo po nenehnem izboljSe-
vanju dobrobiti, kadar alternative niso na voljo. Prihodnost
znanosti o laboratorijskih zivalih tako temelji na izboljSavah,
ki temeljijo na podatkih, zdruzenih z eticnim in inovativnim
pristopom. S spostovanjem zgodovinske vlioge zivali pri
znanstvenih odkritjih in z uporabo tehnologij, ki upoStevajo
njihovo biologijo in dobrobit, lahko raziskovalci in veterinariji
zagotovijo, daraziskave na Zivalih ostanejo eti¢ne, znanstve-
no ponovljive in druzbeno sprejete. Nase vodilo v prihodnje
je torej pocCastiti prispevek laboratorijskih zivali, zmanjsevati
njihovo obremenitev, maksimirati pridobljeno znanje iz vsa-
kega zivljenja in opolnomociti veterinarje in raziskovalce, da
stremijo k odlicnosti, vodeni z empatijo.
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