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Editorial on the Research Topic

Environmental Enrichment as a Treatment? Epigenetic Mechanisms, Challenges and
Limitations

Environmental enrichment (EE) is an improvement in the housing conditions of the laboratory
animals by providing physical, cognitive, sensorial and social stimulation. Although different EE
protocols exist, most of them consist of increasing the size of the cage, provide running wheels and
novel and attractive objects to the animals (Robison et al., 2020). This type of protocol has shown
important benefits, not only on the welfare, mood and cognition of healthy animals, but also on
experimental models of different pathological conditions, such as neurodegenerative diseases,
traumatic brain injury, epilepsy, cancer, stress and depression (Solinas et al., 2021). Nevertheless,
the neurobiological mechanisms by which EE induces these benefits are yet highly unknown. Some
recent experimental studies have provided information regarding changes in neural activity, whereas
others have started to focus on epigenetic mechanisms involved in the brain changes related to
exposure to EE (Tang, 2020). On the other hand, gene-environment interactions may be an
intermediary step in providing an appropriate response to the environmental conditions leading
to changes in behavior, emotion or cognition (Rogers et al., 2019). For instance, there is some
evidence that environmental factors are able to promote changes in DNA methylation in a gene/
promoter-specific manner and this process seems to play an important role in controlling gene
expression involved in learning and memory or hypothalamic-pituitary axis functioning (See
Figure 1).

The benefits of EE on learning and memory processes, as well as in the underlying brain plasticity,
also occur in other species. Regarding this, the manuscript of Pereira et al. show that the visuospatial
and somatomotor stimulation provided by EE in Colossomamacropomum fishes was able to improve
spatial learning and memory rates, along with a greater number of cells in the telencephalon of adult
fishes maintained in enriched conditions. Moreover, their study also evaluated differential gene
expression using brain transcriptomics. It is a promising avenue, which revealed that EE increased
the density of thrombocytes and lymphocytes. These findings could be a starting point for exploring
potential genetic regulation mechanisms underlying better learning and memory performance,
increased proliferative activity of the telencephalon, and peripheral blood differences.

Different factors, as the strain of the animals, their genetic background, sex, or period at which
animals receive EE can influence on the results obtained both when EE is implemented alone or
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combined with other interventions (Mesa-Gresa et al., 2021).
Studies presented in this RT reflect this diversity in the protocols
applied to enriched environments. Hence, Rojas-Carvajal et al.
present an interesting approach on EE effects depending on
different experimental protocols. Specifically, authors consider
that potential benefits of EE may vary according to the level of
incentive salience. Results showed that restricted and
unpredictable EE protocols led to a more rewarding effect in
the animals compared to constant and prolonged enrichment
conditions. This useful study reveals that motivation to explore
the environment can be modulated based on EE characteristics.
Moreover, the benefits observed after limited EE conditions on
exploration-related behaviors, as well as on the sort of ultrasonic
vocalizations in the open-field test seemed to be related to an
enhancement of BDNF/TrkB expression.

Queen et al. reviewed cognitive and behavioral aspects of aging
and suggest that EE-based animal models can help us to extend
the health span and to improve cognitive status. Experimental
studies can also contribute to obtain a better knowledge regarding
epigenetic mechanisms and phenotypic changes involved in the
aging process. Recent literature emphasizes the role of
upregulation of the hypothalamic brain-derived neurotrophic
factor (BDNF) after exposure to enriched environments.
Taking into account results obtained in its own laboratory and
others, Queen et al. shed light on how we can prevent or delay
pathological age-related negative changes by means of
environmental and lifestyle-based interventions. The review
provides examples of the therapeutic value of enriched
environments suggesting that factors such as the promotion of
cognitive reserve, physical activity or social connection may have
a significant clinical impact on successful aging. Results as those

presented in this RT can also open new avenues for boosting the
translation of results obtained from animal models of EE to
clinical applications.

Manuscripts included in this editorial highlight two aspects of
current research on the EE. On the one hand, the need to
standardize the protocols due to the great variability between
the different studies, in terms of duration, type of stimuli or
frequency of exposure to novelty. Moreover, the characteristics of
the animals themselves (species, age, pathological or health
condition) are also a factor to be considered when interpreting
results of experimental studies (MacArthur Clark, 2018). On the
other hand, studies about the interaction between environmental
conditions and the administration of different drugs with the aim
of assessing epigenetic aspects is another question that recent
work has addressed (Hannan, 2020). In general, we can conclude
that recent research has suggested that EE can act as a therapy in
different contexts and diseases, and these are interesting fields to
be further explored in future studies. Furthermore, in the midst of
Covid-19 pandemic, a better knowledge about how non-
pharmacological interventions and lifestyle modifications can
promote health and resilience, prevent neuroinflammation or
improve immune function in the population is a topic that
deserves attention (Muscat and Barrientos, 2020). In line with
this, Brenes et al. have shown the potential of EE as a non-
pharmacological treatment for depression. In this study, a
differential antidepressant-like effect of exposure to various
types of environment was observed. Specifically, adolescent
rats were exposed to social isolation inducing a depressive-like
phenotype. Then, the effectiveness of exposure to EE or physical
activity was compared to the effect of fluoxetine treatment. The
greatest antidepressant effect, assessed at behavioral and

FIGURE 1 | The diagram displays the interaction between environmental enrichment and epigenetic mechanisms. The present research topic addresses the
question of how basic experimental research in different species can contribute to the development of therapeutic applications of enriched environments (Figure
elaborated with BioRender).
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neurobiological levels, was found after exposure to EE, suggesting
its beneficial effects.

Future research should also focus on individually tailored
stimulation protocols to improve their effect and afford a
better understanding of the underlying processes (Balietti
et al., 2021). Finally, it is possible that restricted access to EE
mimics many aspects of modern life in humans, such isolation of
elderly population or the busy and stressful life we have, so that its

potential positive effect as a model for non-pharmacological
intervention can be highlighted.
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