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Abstract. Our genes interact with environmental stimuli throughout our lives. The attitude and reaction to an acute cerebral
trauma or stroke, as well as the pre-lesion life event and activities, can influence functional outcome. Although difficult to separate
in adult human beings, genetic and environmental factors can be selectively evaluated in animal studies. Post- ischemic housing in
an enriched environment, i.e. larger cages which allow both social interaction and various activities improves functional outcome,
modifies gene activation, and increases dendrite branching and number of dendritic spines in pyramidal neurons in layers II-11
in the contra-lateral cortex. Furthermore, it alters lesion-induced progenitor cell differentiation and interacts with neocortical
transplantation, drug treatment and training. Itis proposed that the interaction between environment and specific treatment needs
more clinical attention, and that a general stimulating and positive environment is the optimal base for specific interventions in

neurological rehabilitation.
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1. Introduction

Half a century ago Donald Hebb demonstrated that
laboratory rats allowed to run freely in his house had

2. Environmental effect on functional outcome
after focal brain ischemia

Most surviving stroke patients improve with time and
a spontaneous functional improvement takes place also
in animals with experimental focal brain infarcts [77].

better memory and learning capacity than rats housed ap, important question is to what extent the post-

in laboratory cages [39]. This and further studies in-
dicating that neuronal cortical connections can be re-
modeled by experience [28,40] initiated a number of
early studies on behavioral, anatomical and biochemi-
cal effects of an enriched environment [3,20,30,42,93,
109], and it is now well established that an activity-
stimulating environment can influence the healthy as
well as in the lesioned brain in many ways [48-50,62,
86,104,112,115]. Surprisingly little clinical attention
has been given to the experimental data on environ-
mental influence on outcome after brain lesions.

ischemic environment, in addition to specific training
and interventions, can enhance the spontaneous recov-
ery processes. An early study showed that housinginan
enriched environment prior to bilateral cortical lesions
had a potent influence on initial deficit and recovery of
locomotion, and in rats preoperatively housed in iso-
lation, postoperative enrichment speeded recovery and
reduced the deficit [41]. After occlusion of the middle
cerebral artery (MCA) in spontaneously hypertensive
rats, postoperatively repeatedly tested during 12 weeks,
the rats housed in an enriched environment improved
significantly more than individually housed rats in a leg
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placement test, beam walking, crossing a rotating pole,
and climbing, with no difference in infarct volume and
thalamic atrophy [77]. Compared to rats housed 3 or
4 together in cages with no special equipment, a sig-
nificant effect of enriched housing was seen even when
the transfer to an enriched environment was delayed
for 15 days after the arterial occlusion [47]. Whereas
the correlation between infarct size and functional out-
come tend to increase with time in rats with standard
laboratory housing, no correlation is seen between le-
sion size and outcome in rats housed in an enriched en-
vironment indicating plastic changes in the remaining
intact brain [33].

3. Environment and gene activation

Brain-derived neurotrophic factor (BDNF) is known
to play an important role in brain plasticity in intact
animals. Contrary to the hypothesis that post-ischemic
housing in an enriched environment could lead to an
enhanced BDNF gene expression, a marked down-
regulationin BDNF gene expression was observed with
significant differences with standard rats above and en-
riched rats below baseline in the peri-infarct region,
contra- lateral cortex, and in hippocampus 2 to 12 days
after induction of ischemia [118]. The BDNF protein
levels 12 days after the MCA occlusion was likewise
significantly reduced in the peri-infarct area but not in
the contra-lateral hemisphere [119]. An early dampen-
ing of the post-ischemic gene expression in rats housed
in enriched environment was seen also for NGFI-A
MRNA[17]. We have no evident explanationto this ob-
servation although we have postulated that it might be
beneficial to reduce an initial hyperexcitability [118].
Cortical networks ad jacent to afocal brainischemia are
hyperexcitable because of an imbalance between exci-
tation and inhibition with increased NMDA receptor-
mediated excitation and decreased GABAergic inhibi-
tion [73,87]. Hyperexcitability has been recorded not
only around the infarct but also in the contralateral
hemisphere 1 week after a phototrombotic lesion or
MCA occlusion. Both a negative role (impaired pro-
cessing of incoming information) and a beneficial role
(adaptation favoring recovery) of the hyperexcitability
have been proposed [9,89].

4. Enriched environment, social inter action and
physical activity

In the enriched environment used in our laboratory
rats have opportunity to climb and use a number of tools
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that are changed two or three of times a week [77], and
video recordings show that rats are very active partic-
ularly during the dark period, climbing, swinging and
manipulating the tools and objects available to them in
rather skilled ways. In addition to physical activities
enriched environment stimulates social interactions but
social grouping alone cannot explain the beneficial ef-
fect of an enriched environment[55,94]. As to physical
exercise, wheel running prior to a transient global cere-
bral ischemia in gerbils can reduce mortality and neu-
ronal damage [102], an effect proposed to be due to an
improved post-ischemic recirculation [101]. An early
study comparing the effect of pre-lesion exposure to
enriched environment versus running prior to bilateral
cortical ablation lesions demonstrated that physical ac-
tivity did not yield the same protective effect from post-
operative impairment as enriched environment, albeit
the former rats recovered somewhat earlier than control
rats [29]. Physical exercise in the form of wheel run-
ning increases cell proliferation and neuronal survival
in healthy mice, and it has been proposed that physi-
cal exercise may be the most important component in
housing in enriched environment [107,108]. However,
no study has shown that wheel running initiated after
a lesion is beneficial for functional outcome. A com-
parison between post-ischemic environmental enrich-
ment, social housing and individual housing with free
access to a running wheel in the home cage showed
that enriched environment had by far the largest benefit
and that social interaction was significantly better than
running [55]. When a group of individually housed rats
with no access to a running wheel was added in a later
study, enriched and social rats were significantly bet-
ter than runners, which did not differ from individually
housed r ats with no access to arunning wheel [91]. The
transcription factors NGFI-A and NGFI-B, thought to
be important in neuronal plasticity, did not differ from
sham operated rats for rats housed in enriched or social
environment one month after focal cortical ischemia,
but were significantly lower in individually housed rats
with or without access to a running wheel [18]. The ex-
perimental data indicating that running cannot substi-
tute for enriched environment after focal brain ischemia
in rats are consistent with the observations that motor
learning but not repetitive physical exercise generates
new synapses in the cerebellar cortex [6,61], and that
strength training alone does not induce cortical reorga-
nization [84,90]. Furthermore, unlimited running, al-
though voluntary, may be stressful for lesioned rats [55,
91].

In a recent study on regional effects of wheel run-
ning and environmental enrichment on cell prolifera-
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tion in the neocortex of adult healthy mice, environ-
mental enrichment led to a significant increase in the
number of new astrocytes in layer 1 of the motor cortex
whereas voluntary wheel running caused an induction
of microglia proliferation in superficial cortical layers
of several brain regions [24]. Brain lesions induce mi-
croglia activation with complex and at least to a large
extent detrimental effects [100]. One might speculate
that a further microglia proliferation induced by run-
ning might not be beneficial in lesioned rats. The role
of astrocytes after brain lesions is also complex [13].
However, astrocytes are important for neural plastic-
ity including synapse formation [1,14,56,105], which
might be important in compensatory reactions in the
non-damaged part of the brain. Whether the different
cellular reactions to wheel running and environmen-
tal enrichment in healthy animals have any relevance
for the effects on functional outcome after focal brain
lesions [17,55,91] remains to be studied.

5. Environmental effects on neuronal mor phology
and dendritic spines

Dendritic spines, i.e. tiny protrusions that are the pri-
mary postsynaptic targets of excitatory glutaminergic
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increased the pool of transient spines present for only
a day or less in the cortical representation areas of the
trimmed whiskers [104]. Thus, experience-depending
plasticity of cortical receptive fields was accompanied
by increased synapse turnover. There may, however, be
regional differences in spinal plasticity. In one study
using a similar in vivo-technique on layer V pyramidal
neuronsin the visual cortex, the majority of spines were
more stable [35].

Most studies on environmental influence on den-
dritic morphology have been performed using modifi-
cation of Golgi technigue or with electron microscopy
of thin sections. Because of the small size and highly
variable shapes of dendritic spines, those techniques
are not optimal for identification and quantification of
spines, for which three-dimensional visualization is es-
sential [37]. Microinjection of Lucifer yellow into in-
dividual neurons combined with confocal microscopy
allows a three-dimensional view of dendritic spines and
better quantification. With this technique, pyramidal
neurons in cortical layers I/, which have extensive
intra-cortical connections known to play a role in corti-
cal plasticity, had more dendritic branches (Fig. 1) and
significantly higher number of dendritic spines [Fig. 2]
in the contra-lateral cortex of rats housed in an enriched
environment than in rats housed in standard environ-

synapses in the mature brain, have been proposed asment 3 weeks after a cortical infarct [51,52]. The im-

primary sites of synaptic plasticity [25,36]. The den-

dritic tree is covered with a variety of excitable synap-

tic channels operating on different time scales and with
activity-dependent sensitivity enabling a sophisticated
neuronal plasticity [103]. The spine cytoskeleton con-
sists of actin filaments, and video recordings from hip-
pocampal neurons expressing actin tagged with fluo-

rescent protein have shown that the shape of spines can
change rapidly [27,69], events that are accompanied by

changes in calcium influx and decay [67,116]. Using a
technique enabling in vivo images of neurons express-
ing green fluorescent protein, the lifetime of superficial

mediate early g ene arc, a gene labeling dendrite, is
markedly up regulated in the same region after expo-
sure to an enriched environment for one hour daily for

3 weeks in intact animals [83].

6. Environmental interaction with lesion-induced
proliferation and differentiation of endogenous
progenitor cells

The subventricular zone and the subgranular zone of
the dentate gyrus contain neural stem cells or progenitor

pyramidal spines in the mouse barrel cortex has been cells which continuously give rise to new neurons in the
observed to vary greatly [104]. About 20% of spines adult brain including in humans [26]. Small numbers
disappeared between imaging sessions from one day of progenitor cells are thought to be present in other
to the next, a loss that was balanced by formation of brain areas including the cerebral cortex in rodents, and
new spines. About 60% of dendritic spines persisted cortical neurogenesis has been induced by bFGF in in-
for at least 8 days, and of those 17% had disappeared tact rodents [78]. Whether neurogenesis occurs in the

one months after the imaging began. Serial - section
electron microscopy of imaged dendritic segments re-
vealed retrospectively that spine sprouting and retrac-
tion are associated with synapse formation and elimina-
tion. Trimming every other whisker, which induced a

rapid and robust remodeling of whisker representation,

adult primate neocortex is controversial [76,88]. The
progenitor cell proliferation in subventicular zone and
hippocampus can be stimulated by exogenous factors
such as trophic factors, hormones, physical activity,
drugs, brain trauma, and global [66] and focal brain is-
chemia[2,46,64,80,120]. As reviewed elsewhere [50],
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Fig. 1. A pyramidal neuron in cortical layer 11l in male 4 months’ old spontaneously hypertensive rats housed in standard environment (S), or
housed in an enriched environment for 3 weeks (E) as viewed in three-dimensional confocal laser scanning microscopy after microinjection of
Lucifer yellow into individual neurons. From Johansson and Belichenko [51], with permission, Springer Verlag.

Fig. 2. Dendritic spines from pyramidal neurons in layer |l contralateral to a cortical infarcts from a rat housed in standard environment (S) and
a rat housed in an enriched environment (E) using the same technique as in Fig. 1.

an acute brain lesion can apparently induce chemotac- A stimulating environment enhances the survival of
tic signals that stimulate endogenous cell proliferation newly formed neurons in the hippocampus of intact
and migration of endogenous and exogenous immature rats and mice [60,75], even in old mice [59], a cellular
cells. plasticity that is accompanied by significant improve-



B.B. Johansson / Functional and cellular effects

ments of learning parameters and exploratory behav-
ior. The combined effect of cortical ischemia and envi-
ronmental stimulation on survival on cell proliferation
and differentiation in the dentate gyrus has been stud-
ied in 6 months old spontaneously hypertensive with
cortical infarcts. BrdU, a substance that marks divid-
ing cells, was given daily during the first postoperative
week [64]. 5 weeks later, a five- to six-fold ipsilateral
increase in BrdU labeled cells compared to sham op-
erated rats was seen in all rats, and about 80% of the
new cells were neurons. Whereas there was no group
difference in newly formed neurons, a highly signif-
icant difference in the number of new astrocytes was
observed. In rats housed in standard environment few
new astrocytes were forme d resulting in a many-fold
increase in the neuron to glia ratio, a ratio that was nor-
malized in rats housed in enriched environment [64].
The clinical relevance of this observation is not clear
and we do not know whether lesion-induced neurogen-
esis and gliogenesis in hippocampus s of any relevance
for functional outcome after cortical infarcts. Recent
studies indicate significant differences between cellu-
lar reaction in the dentate gyrus and the subventricular
zone after a cortical infarct [Komitova et al, in prepa-
ration]. In any case it seems likely that the low num-
ber of astrocytes in the standard group is insufficient to
support the newly formed neurons whatever their func-
tion. As mentioned above, there is increasing evidence
that astrocytes take an active part in neural signaling
and in synaptic plasticity [1,14,71,105], and astrocytes
increase in number and contact with synaptic elements
in rats reared in an enriched environment [20,56,98].

7. Environmental influence on neocortical
transplantation

Fetal neocortical tissue grafted into the infarcted area
of adult rats receives ample afferent fibers from the in-
tact host brain [31,97]. Reciprocal connections from
the graft to the host brain exist but are sparse [99],
presumably due to the presence of myelin preventing
proteins in the adult brain [96]. Grafts respond to con-
tralateral sensory stimulation with increased metabolic
activity, indicating functional integration between neo-
cortical grafts and host afferent systems [32]. However,
improved performance in behavioral tests has been ob-
tained only when grafting is combined with housing in
an enriched environment [33,68]. When grafting was
performed early, i.e. one week after a cortical infarct,
significant improvement both in function and anatomy
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Fig. 3. Combination of fetal neocortical grafting and housing in an
enriched environment results in better performance and prevents the
lesion-induced deviation of the tail to the contra-lateral side normally
seen when rats with cortical lesions cross a rotating pole. The tail
effect is associated with significant reduction of the thalamic atrophy,
most likely due to growth stimulating factors in grafts. In rats with
poor performance the tail touches the rotating pole, in enriched rats
without grafts it does not but the tail still deviates. Behavioral data
20 weeks after a distal ligation of the middle cerebral artery followed
by grafting in two groups one week later. E Non-grafted rats
housed in an enriched environment; S+T: Transplanted rats housed in
standard environment (3 or 4 rats per cage); E= transplanted rats
housed in enriched environment. Median values and 25% percentiles.
Kruskal -Wallis non-parametric ANOVA with a multiple comparison
post hoc test at the 95% significance levehignificantly different

from the two other groupg;significantly different from St T. Based

on data published in Mattsson et al., [68].

was obtained in rats housed in enriched environment
compared to non-grafted rats in the same environment
and to grafted rats housed in standard environment. Af-
ter a cortical infarct, the tail deviates to the con tra-
lateral side when traversing a rotating pole even in rats
housed in enriched environment, which have no prob-
lem in crossing the pole. No such deviation was ob-
served in transplanted rats housed in an environmen-
tal enrichment (Fig. 3), and the lesion-induced sec-
ondary atrophy in posterior thalamus was significantly
reduced [68], most likely due to production of growth
stimulating factors in the grafts. In another study, zinc-
containing glutaminergic terminals from the host brain
formed better connections with the grafts in rats reared
in an enriched environment [117]. These data on in-
teraction between transplantation and environment are
consistent with data from other grafting procedures
such as intrastriatal grafting [22,23].

8. Interactions between environment, drugs and
training

The beneficial effect of a stimulating environment
is likely to be related to release and combined ac-
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tion of various endogenous substances including cat-
echolamines, glutamate and hormones. It is not sur-
prising that environment can interact with the effects of
drugs. Selegiline, an irreversible monoamine oxidase
B inhibitor, which alone has no beneficial effect after
focal cerebral ischemia, reduces behavioral and cogni-
tive deficits when combined with housing in enriched
environment [85]. Xerri and Zennou-Azogui have re-
ported a protective effect of the combined treatment
with piracepam and enriched environment on the neu-
rophysiological properties and cortical representation
areas of cortical neurons after neocortical lesions [113].
Enriched environment may also neutralize a drug ef-
fect. Thus, amphetamine, which in other experimen-
tal studies has been shown to improve outcome, had
no additional effect in rats housed in enriched environ-
ment [54]. Likewise, data from our labo ratory suggest
that diazepam, which has been reported to reduce func-
tional outcome in individually housed rats [95] has no
negative effect on outcome in rats housed in enriched
environment [Zhao and Johansson, unpublished obser-
vations]. Skilled reach training combined with en-
riched environment has been shown to increase the per-
formance and the dendritic growth compared to train-
ing alone [5]. However, no group housed in enriched
with no training was included in the study.

9. Can an enriched environment enhance axonal
outgrowth?

CNS myelin inhibits outgrowth of axons after brain
lesions [12,96]. Three myelin proteins, Nogo, myelin-
associated glycoprotein (MAG) and oligodendrocyte-
myelin glycoprotein (OMgp) inhibit regeneration of
axons after CNS injury. They share a common re-
ceptor, and blockade of this receptor promotes CNS
repair and functional recovery [110]. Intrathecal ad-
ministration of a Nogo receptor antagonist peptide to
rats with mid-thoracic spinal cord hemisection resulted
in significant axon grow of the corticospinal tract and
improved functional recovery [34]. Intracerebral in-
jection of the monoclonal antibody IN-1 in adult rats
directly following a MCA occlusion enhanced func-
tional recovery on a forelimb-reaching task. 10 weeks
after the lesion new corticorubral connections from
the opposite, unlesioned hemisphere could be demon-
strated [79]. Continuous intraventricular infusion of an
anti-Nogo-A antibody for 2 weeks, starting 24 h after
phototrombotic cortical injury in normot ensive rats,
and after middle cerebral occlusion in spontaneously
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hypertensive rats, significantly increased midline cross-
ing of corticospinal fibers originating in the unlesioned
sensorimotor cortex with a significant correlation be-
tween the number of crossing fibers and forepaw func-
tion [111]. Interestingly, a naturally occurring metabo-
lite, the purine nucleoside inosine, likewise induced ax-
onal rewiring and promoted behavioral outcome when
infused continuously into the cisterna magna or into the
lateral ventricle on the undamaged side after a partial
MCA occlusion [11]. Neurons on the undamaged side
of the brain extended new projections to denervated ar-
eas of the midbrain and spinal cord. The anatomical
changes were paralleled by improved performance on
several behavioral measures. The number of crossing
cortico-rubral fibers was low in normal control animals
and increased significantly after stroke, even in animals
treated with saline alone, but with a further 2 to 3 fold
increase after inosine infusion. Thus it seems that le-
sion alone, and inosine to a larger extent, can overcome
some of the molecular signals that normally inhibit ax-
onal growth. Subcutaneous administration of inosine
has earlier been shown to stimulate axonal growth in
the rat corticospinal tract after injury [4].

These two approaches to stimulate axonal growth im-
plicate plasticity from the intact hemisphere as a mech-
anism for recovery in the rat. To what extent blockade
of Nogo-A or administration of inosine can influence
axonal growth in the lesioned hemisphere, where imag-
ing studies in animals and man have indicated substan-
tial reorganization [10,21] has so far not been reported.
Whether addition of post-ischemic environmental en-
richment can improve axonal growth corresponding to
what has been observed after fetal neocortical trans-
plantation [117] needs to be studied.

10. Can post-ischemic enriched environment have
negative effects?

Concerns about early training have been raised based
on studies withimmobilization of the intact forelimb by
casting immediately after an electrolytic lesion to the
sensorimotor cortex in order to force the rats to use the
weak limb. Seven days of forced overuse caused expan-
sion of the neuronal injury and greatly interfered with
restoration of function. When the initiation of forced
use was delayed till the second week after the lesion,
function was still reduced [44]. 10 days of overuse
of the impaired forlimb also interfere with recovery of
function after a transient MCA [7,8]. This is an inter-
esting experimental model albeit with no evident clin-
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Fig. 4. The density of Zinc-containing glutaminergic terminals in
fetal neocortical grafts 15 weeks after grafting 7 days following
ligation of the middle cerebral artery distal to the striatal branches in
hypertensive rats. Environmental enrichment improved the capacity
of terminals entering the graft from the host brain to penetrate into
the center of the graft. S standard environment E enriched
environment. *p < 0.05. Based on data published in Zeng et
al. [117].

ical counterpart. Although constraint therapy is used
in stroke rehabilitation it is usually initiated in a later

169

dent factor significantly associated with discharge to
home within 6 weeks after stroke onset [45].

11. How relevant are data from experimental
animal modelsfor clinical stroke
rehabilitation?

Many brain lesion models have been called experi-
mental stroke including transient or permanent vascular
occlusions, cortical ablation, electrolytic, excitotoxic
and phototrombotic models. The time course of lesion
progression, influence on the surrounding tissue, and
regenerative capability are likely to differ and could
influence the efficacy of interventions. Thus grafting
after a cortical infarct gives better host to graft connec-
tivity than grafting to a cortical aspiration lesion [117].
Photothrombotic lesions are associated with an imme-
diate break down of the blood-brain barrier and thus a
different edema pattern than the more slowly develop-
ing edema after arterial ligations or embolization, and
in cortical ablation lesions the surrounding tissue is not
exposed to the same environment as in the vascular
models. We do not know what influence such factors

stage. In contrast to the studies reported above, a study can have on the restoration processes in the brain. One

on early and late task-related treadmill training after a
transient MCA occlusion indicated that training start-
ing 24 hours, but not 2 weeks, after the ischemic event
reduced infarct volume and improved outcome [114].
In the studies on enriched environment after focal
ischemic lesions referred to above the animals were
placed in an enriched environment not earlier than 24 h
after the permanent legation of MCA, and no increase
ininfarctvolume has been observed[47,55,77,91]. The
enriched environment does notinclude any forced train-
ing, and the animals can use the intact side all the time
together with the weak limbs. If the enriched housing
is combined with training in which the rat needs to use
both sides but still have the intact side available, no
negative effect is found on outcome although the lesion
size increases if the training is started 24 h [92] but not
3 days (unpublished data) after the lesion. The use-
dependent exaggeration of brain injury has been shown

important difference between rodents and man is that
the human brain has a much larger proportion of white
matter. The commonly used model of 2-hour transient
MCA intraluminal occlusion reduces protein synthesis
also in areas outside the MCA territory including ipsi-
lateral thalamus, hypothalamus, hippocampus and sub-
stantia nigra, and it has been suggested that it should be
referred to as an internal carotid artery occlusion model
rather as an MCA occlusion model [57]. A correspond-
ing human lesion might lead to life-threatening brain
edema. In a comparison betwear2 h suture occlu-
sion and permanent diathermy occlusion of MCA, the
axonal degeneration and oligodendrocyte damage was
much more severe in the suture model. The different
distribution of axonal pathology in the two models was
not a reflection of differences in the size of the neu-
ronal perikarya pathology but rather a consequence of
occlusion of additional vessels [72].

to be glutamate dependent and can be prevented by the Lack of information on age, strain and sex is another

NMDA receptor antagonist MK-801 [43]. Thus, in the
absence of constrain to use the intact limbs, the possi-
ble risk for additional tissue loss after focal brain isc

problem. Few reports on animal studies give full data
on the animals used, and weight rather than age is com-
monly used. However, weight curves differ between

hemia in the rat seems to be restricted to the acute stagestrains, and when the adult weight is reached there may

before the infarct is manifest. In patients with stroke
early mobilization is essential, and shorter time to start
mobilization/training has been shown to be anindepen-

be little further change. Within a strain it can differ with
breeders and local food intake. Experience-dependent
changes in dendritic arbor and spine density in neocor-
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tex have been reported to vary with age and sex [63]. 13. Concluding remarks

Strain, sex and age differences have been documented

in progenitor cell proliferation and survival in mice and The concept that the environment influences our life

rats [38,58,65’81] We have learned much from exper- in health and disease is not new. Ancient and contem-
imental models. However, with better-defined models Porary literature gives ample evidence for this com-

and information about the animals used, the results ob- mMonly held view. Aretrospective small study published

tained may better answer clinical relevant questions. 20 years ago proposed that the view through the win-

Pharmacological interventions may well differ with the ~ dow influenced recovery after surgery [106]. Individu-
models and animals used. als have different capabilities to handle crisis including

diseases. The patient’s own attitude, physical, social
and intellectual activities influence functional outcome

12. What isan enriched environment for a stroke and quality of life after stroke [15,53]. Previous brain
patient? Relevance of animal studies on lesions may limit later plasticity processes as suggested
environmental enrichment for from a study demonstrated that penetrating head in-
neurorehabilitation? jury in young adulthood exacerbated cognitive decline

in later years [16]. However, the substantial experi-

Regarding the relevance of animal studies on en- mental evidence that a post-ischemic stimulating envi-
riched environment for human stroke rehabilitation, ronmentcan significantly improve functional outcome,
two arguments can be raised. One is that standard labo- influence cellular and molecular events, and interacts
ratory housing is a deprived environment not compara- with other interventions, emphasizes the importance of
ble to normal human life, and that an enriched environ- general stimulation and activation in neurological and
ment for a rat would be at least a little closer to human Other rehabilitation, as a base to which specific inter-
life. This is a valid argument, which, however, leads to  ventions should be added.
the conclusion that a stimulating environment should be
the standard condition in animal recovery studies. An
opposite argument would be that some elderly stroke
patients might have lived a rather isolated life before  [1] A. Arague, G. Carmignoto and P.G. Haydon, Dynamic sig-
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