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Decenni di bias maschile nella ricerca sugli animali hanno lasciato la biologia femminile gravemente
poco studiata.

Eliminare prematuramente la ricerca sugli animali cristallizzerebbe questa disuguaglianza nella
biomedicina futura, danneggiando in modo sproporzionato le donne.

L'articolo evidenzia un rischio importante: 'abbandono prematuro della sperimentazione animale
potrebbe aggravare le attuali disuguaglianze di genere in ambito sanitario.

Le differenze di sesso nella risposta a farmaci e patologie sono ormai ben documentate. Per studiarle
€ necessario disporre di modelli preclinici in grado di riprodurre la complessita dell’organismo. Allo
stato attuale, i modelli alternativi come organoidi e sistemi "organo-su-chip" non consentono ancora
di simulare in modo completo le interazioni sistemiche, il ruolo degli ormoni e gli eventi legati alla
gravidanza.Una dismissione anticipata dei modelli animali, in assenza di alternative validate,
comporterebbe un rallentamento della ricerca sulle differenze sesso-specifiche, con il rischio di
sviluppare terapie basate prevalentemente su dati maschili.Gli autori sottolineano quindi la necessita
di proseguire nel percorso delle 3R, investendo parallelamente nello sviluppo e nella validazione di
nuovi metodi, per garantire una transizione che non penalizzi la salute delle donne.
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M Check for updates

Decades of male bias in animal research have
left female biology critically understudied.
Prematurely phasing out animal research
would lock this inequity into future
biomedicine, disproportionately harming
women.

Attheinternationallevel, there is growing momentum among policy-
makers and advocacy organizations toward the progressive — and in
some cases complete — phasing out of animal research, for example,
through legislation such as the Directive 2010/63/EU in the European
Unionand the FDA Modernization Act 2.0 inthe USA. These initiatives
are typically framed as ethical progress: a long-overdue response to
concerns about animal use in research, enabled by advances in ‘new
approach methodologies’ (NAMs) such as organoids, organ-on-chip
systems, and in silico computational models, including predictive
algorithms produced by artificial intelligence (Al), based on machine
learning (ML). In this discourse, animal use is treated as the primary
moral problem; reducing or abolishing it is considered an almost
self-evident ethical good.

What is largely absent from these discussions is a distributive
justice perspective: consideration of who benefits, and who might be
harmed, if we drastically curtailin vivo experimentation at this specific
historical moment.

Preclinical research has been extensively documented as
male-biased. For decades, biomedical and, especially, neuroscience
studies have relied predominantly on male animals, under the assump-
tion that males are the ‘simpler’ or ‘default’ sex'. Even after the intro-
duction ofthe NIH ‘Sex as a biological variable’ (SABV) policy adecade
ago, neuroscience continues to struggle with its implementation,
and the proportion of female-only studies remains consistently low
at approximately 3% (ref. 1). As a result, our mechanistic understand-
ing of disease pathways, drug actions and stress responsivity is sys-
tematically better developed for male than female physiology, and
many conditions that impose a disproportionate burden on women
(suchasaffectivedisorders, certain pain syndromes and gynaecological
and reproductive disorders) remain mechanistically undercharacte-
rized®. This bias is mirrored clinically, as women are more likely than
men to experience adverse drug reactions®. The consequences of
male-default assumptionsin preclinical research are well documented:
from the teratogenic effects of thalidomide — driven in part by the
absence of testing in pregnant animals — to the decades-long overmedi-
cation of women with zolpidem, whose slower drug clearance went
undetected because foundational pharmacokinetic studies had been
conducted exclusively in male rats’. Critically, in vivo models remain
irreplaceable for capturing sex-specific developmental trajectories

that no current cell-based system can replicate®. Early-life adversity,
forinstance, exerts pronounced and sex-dependent effects on neuro-
developmental outcomes, addiction vulnerability and psychiatricrisk
inways thatdepend critically on gonadal hormone state and develop-
mental timing’ .

These examples reflect abroader and well-documented pattern:
across multiple biological domains, sex-dependent mechanisms
remaininadequately studied in females, leaving large gaps in mecha-
nisticunderstanding that disproportionately affect women’s health'".
When left unaddressed, such gaps constitute aform of structural sex-
isminbiomedical knowledge production, whereby the conditions and
biological pathways that are most relevant to female health remain
systematically under-represented.

However, proponents of a rapid transition toward NAMs argue
that emerging in vitro systems will soon replace such in vivo studies.
Advocates of NAMs rightly point out that cell-based and organoid
models derived from human tissues can, in principle, be tailored
to female biology and diverse ancestries'>. Nevertheless, the same
sex bias that has characterized animal research also persists in many
in vitro studies'>". As of today, NIH policy does not require investi-
gators to consider SABV in cell culture models*. Moreover, NAMs
are not yet capable — and probably will not be for a long time — of
replacing domains of in vivo work that depend on systemic regulation,
developmental context and organism-level plasticity, such as preg-
nancy, multi-organ pharmacokinetics, chronic stress susceptibility
and pain regulation.

In silico NAMs, including ML-based approaches applied to the
synthesis of large, publicly available datasets, represent another rapidly
expandingalternative to invivoresearch. Although these approaches
offer clear advantages for hypothesis generation and pattern detection,
their outputs are fundamentally constrained by the dataonwhich they
aretrained. Forexample, analyses of a deployed medical Al system, the
Babylon Health symptom-checking chatbot, identified sex-related
discrepancies in triage recommendations, with women’s reported
symptoms in some cases assigned lower urgency®. These discrepan-
cieswere traced to male-biased clinical datasets used for model train-
ing. Such cases highlight the broader principle of how data-driven
systems caninherit, reproduce and amplify existing representational
gaps embedded in clinical and preclinical practice. Although atten-
tion to sex-specific diagnosticsis increasing, substantial mechanistic
‘unknown unknowns’ remain — sex-dependent pathways that cannot
beinferred fromexisting datasets and can emerge only throughin vivo
investigation of systemic physiology and development. In domains
where sex-specific biology remains undercharacterized, the con-
sequences will extend beyond diagnosis to drug development and
therapeutic application.

Against thisbackdrop, arapid phase-out of animal researchisnota
neutral act. Given ahistory in which male animals dominated preclinical
research, endingin vivo work now risks structurally locking sex-related
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inequities into the foundation of future ‘animal-free’ biomedicine.
Specifically, apremature phase-out may:

» Freeze amechanistic evidence base that is already male-skewed

« Limit the discovery of systems-level sex-specific vulnerabilities,
biomarkers and treatment responses

» Disproportionately harm women, who are already underserved
by current medical evidence and clinical innovation

In other words, ending animal research before we have used it
to correct human-focused inequities does not erase injustice. It risks
creating a new form of structural sexism: one in which moral concern
foranimals, however genuine, is prioritized over completing the unfin-
ished work of understanding and treating diseases that disproportion-
ately affect women.

To our knowledge, no existing discussion of animal-research
phase-out policies has systematically examined the distributive-justice
implications for sex-based health inequities. This commentary pro-
poses to fill that gap. We argue that any ethically coherent roadmap
for reducing animal use must explicitly:

 Integrate sex as a biological variable and health-disparity consi-
derationsinto decisions about which areas of in vivo research are
phased out and when

 Define minimum knowledge thresholds for sex-sensitive mecha-
nisms in key disease domains before endorsing phase-out

« Evaluate NAMs not only on technical performance, but also on
their capacity toaddress, rather than entrench, existing inequities

Our aim is not to defend the status quo of animal research, nor
to deny the moral urgency of reducing animal suffering. Rather, we
argue that ajust transition away from animal models must be tempo-
rally and structurally aligned with the project of closing the gender
gap in biomedical knowledge. Failing to recognize these distributive
consequences turns the phase-out movement’s ethical clarity into
ablind spot, in which the effort to protect animals unintentionally

obscures the continued exclusion of women from the benefits of
biomedical progress.
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