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By now, it has become widely accepted, albeit not as widely practiced, that when rodents are raised in a complex, enriched environ-
ment, complete with running wheels and peers, cognitive function and memory are enhanced, compared to those raised in isolation, with 
only food and water to sustain them. In our own in vivo studies, in which we were evaluating the effects of antidepressant medications 
and/or physical running exercise on the levels of hippocampal brain-derived neurotrophic factor (BDNF) transcripts [1-3] or protein 
[4,5], as well as various other cell survival signaling cascades, such as PI-3K and MAPK, and the transcription factor, CREB [6], the usual 
experimental design consisted of four treatment groups: (i) sedentary control rats, (ii) rats that received only antidepressant drugs, (iii) 
rats that were allowed access to a running wheel in their cages and (iv) rats that were administered both antidepressant medications and 
allowed to run. At that time, this kind of design was standard operating procedure. Few of us recognized that these “control rats”, who 
were sedentary and provided with only food and water, were actually a stressed group, socially isolated, without any mental or physical 
stimulation at all. Although the other three groups were also singly housed, socially isolated, at least they had some stimulation of either 
the drug and/or running exercise. Although the experimental design was well enough conceived and implemented, there was a fallacy in 
our thinking, if not merely in the labelling of the groups: in such an experiment, the group of rats allowed to run were actually the controls, 
as their lifestyle most closely mimicked that of their wild counterparts. In our paradigm, therefore, although the purpose of our studies 
was to evaluate the effects of exercise, they also evaluated the effects of stress. After working with both rats and mice for a good number of 
years, I have come to recognize that as a form of stress, social isolation is highly individualized. Although as a species, both rats and mice 
may be considered to be “social” animals, not all individuals crave the company of others. Thus, the stress level (e.g., increased plasma 
corticosterone) in some rats may be higher when placed in the same cage as peers, such as that which would occur in the well-known 
model of social defeat stress [7,8], while other individuals may exhibit higher stress levels in isolation [9,10].

To make sure that experimental rats live the lives that they were meant to, the concept of environmental enrichment [11,12] and more 
recently, “enviromimetics” [13], was practiced so as to study the impact that an environment complete with all the manner of stimulation 
(e.g., running wheel access, an assortment of toys/objects to play with, access to climbing ladders and burrows in which to hide and, of 
course, peers) that wild rats would experience on neurogenesis [14], growth, morphology and maintenance of circuitry in the hippocam-
pus [15,16], olfactory bulb [17,18] and cortex [19], while potentially warding off disease [13,20]. Indeed, environmental enrichment, but 
especially the running exercise component, has even been shown to be restorative following the deleterious effects of stress [21]. And in 
transgenic animals designed to exhibit decreased dentate gyrus neurogenesis [22], physical exercise promoted it, while environmental 
enrichment maintained it [16]. It should be noted that although several investigators did observe neurogenesis in the olfactory bulb as a 
result of being exposed to a rich tapestry of varying odours, an olfactory version of environmental enrichment [17,18], earlier investiga-
tors [23], who exposed their animals to only environmental enrichment did not.

Although providing such an environment may be financially prohibitive, “control” rats should at least have access to a running wheel, 
regardless of the specific aims and scope of the study. Indeed, it has been shown that of all the available stimuli in an enriched environ-
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ment (above), running has the greatest influence on physical and cognitive health [11,16]. In fact, environmental enrichment alone, with-
out the running component, had earlier been shown to actually correlate with the appearance of amyloid-precursor protein, a putative 
hallmark of Alzheimer’s Disease [24].

Future studies should, therefore, include an exercise control group to mimic as closely as possible the conditions that their wild coun-
terparts would experience. Inclusion of such a group would make any study internally and externally valid. 
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