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ABSTRACT

Before 1960, the brain was considered by scient ists to be immutable, subject only to genet ic control .  In the
early sixt ies, however,  invest igators were ser iously speculat ing that environmental  inf luences might be
capable of al ter ing brain structure. By 1964, two research laborator ies proved that the morphology and
chemistry or physiology of the brain could be experient ial ly al tered (Bennett  et  al .  1964, Hubel and Wiesel
'1965).  Since then, the capacity of the brain to respond to environmental  input,  specif ical ly "enrichment,"  has
become an accepted fact among neuroscient ists,  educators and others. In fact,  the demonstrat ion that
environmental  enr ichment can modify structural  components of the rat brain at any age al tered prevai l ing
presumptions about the brain's plast ic i ty (Diamond et al .  1964, Diamond 19BB).
The cerebral  cortex, the area associated with higher cognit ive processing, is more recept ive than other parts
of the brain to environmental  enr ichment.  The message is clear:  Al though the brain possesses a relat ively
constant macrostructural  organizat ion, the ever-changing cerebral  cortex, with i ts complex microarchitecture
of unknown potent ial ,  is powerful ly shaped by experiences before bir th,  dur ing youth and, in fact,  throughout
l i fe.  I t  is essent ial  to note that enr ichment effects on the brain have consequences on behavior.  Parents,
educators, pol icy makers, and individuals can al l  benef i t  f rom such knowledge.
Key words: enr ichment,  cerebral  cortex, hippocampus, aging, adult  neurogenesis,  dendri tes.
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Can experience produce measurable changes in the braln? The hypothesis that changes occur in brain
morphology as a result  of  experience is an old one. In 1815 Spurzheim asked whether organ size could be
increased by exercise. He repofted that the brain as well as muscles could increase with exercise "because
the blood is carr ied in greater abundance to the parts which are exci ted and nutr i t ion is performed by the
blood." ln t874 Charles Darwin mentioned that the brains of domest ic rabbits were considerably reduced in
bulk in comparison with those from the wi ld because, as he concluded, these animals did not exert  their
intel lect,  inst incts,  and senses as much as did animals in the wi ld.  However,  i t  was not unt i l  the 1960s, that
the f i rst  control led studies in animals demonstrated that enr iching the environmental  condit ion in which they
were conf ined could al ter both the chemistry and anatomy of the cerebral  cortex and, in turn, improve the
animals'  memory and learning abi l i ty.

In these early experiments only the brains of young animals were studied. Al though many were impressed to
learn that the cerebral  coftex could increase i ts thickness in response to enriched l iv ing condit ions, they
raised the quest ion about whether enrichment might simi lar ly affect older animals. Once middle-aged rats
brains showed posit ive responses to enrichment,  the next step was to experiment with very old animals.
Once again, increases in cort ical  thickness were found. I t  then became important to discover what was
responsibie for these changes.

One step at a t ime, the level of  morphological  changes - f rom neuronal soma size, to number and length of
dendri tes, to types and numbers of dendri t ic spines, to synapt ic thickening, to capi l lary diameter,  and to gl ial
types and numbers -  was examined. Age, gender,  durat ion of exposure, etc.  were cr i t ical  var iables that had
to be tested in new experiments.

Most of the basic data reported on the enrichment paradigm and i ts impact on brain and behavior have
accumulated through studies on the rat.  Effects of enr iched and impoverished environments on the nerve
cel ls and their  neurotransmit ters in the cerebral  cortex have now been general ized to several  mammalian and
avian species (Rosenzweig and Bennett  1996).  Some corroborat ing studies mentioned herein involved cats
and monkeys, as wel l  as isolated studies in human subjects.  For example, Jacobs et al .  (1993) using an
isolated port ion of the human cerebral  cortex responsible for word understanding, Wernicke's area, compared
the effects of enr ichment in t issue from deceased individuals who had had a col lege educat ion and from those
who had had only a high school educat ion. They demonstrated that the nerve cel ls in the col lege-educated
showed more dendrites than those in the latter. (Tissue was obtained from the Veteran's Hospital in west Los
Angeles.)  Experiments on human t issue frequent ly support  the data obtained from studies in the rat,  and, in
turn, benef i t  f rom these animal studies. We can now safely say that the basic concept of brain changes in
response to enrichment hold true for a wide var iety of animals and for humans.

THE EFFECTS OF ENRICHMENT ON THE CEREBRAL CORTEX

What do we mean by "enrichment" for the rats who have served as the animal of choice for most of these
studies? Thir ty six Long-Evans rats were sorted into three experimental  condit ions using 12 animals in each
group: 1) enr iched 2) standard or 3) impoverished environments. Al l  animals had free access to food and
water and simi lar l ight ing condit ions. Eventual ly,  i t  was determined that animals maintained in their
respective environments from the age of 30 days to 60 days developed the most extensive cerebral cortical
changes. For the enriched environment,  the 12 animals l ived together in a large cage ( 70 x 70 x 46 cm) and
were provided 5-6 objects to explore and cl imb upon (e.9.,  wheels,  ladders, smal l  mazes).  The objects were
changed two to three t imes a week to provide newness and chal lenge; the frequent replacement of objects is
an essent ial  component of the enriched condit ion. The combinat ion of " fr iends" and "toys" was establ ished
early on by Krech as vi tal  to qual i fy the experient ial  environment as "enriched." (Krech et al .  1960).  Forthe
standard environment,  the animals were housed 3 to a smal l  cage ( 20 x 20 x 32 cm) with no exploratory
objects.  For the impoverished environment,  one animal remained alone in a smal l  cage with no exploratory
objects.

The numbers of animals placed in these separate condit ions were based on the manner in which the rout ine
housing was establ ished in the rat colony. Three rats in a cage has been considered standard for al l
experimental  work over the decades. Since pr ior to these experiments no one had designed studies to
examine brain changes in response to di f ferent environmental  condit ions, the decisions about what
represented " impoverishment" and what represented "enrichment" was more arbi trar i ly than scient i f ical ly
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reasoneo.

After 30 days in their respective environments/ all animals were anesthetized before the brains were removed
for comparison among the three groups. Twenty micrometer frozen sect ions were cut and stained, and the
thickness of the frontal ,  par ietal  and occipi tal  cort ices were measured. Results indicated clear ly that the
cortex from the enriched group had increased in thickness compared with that l iv ing in standard condit ions,
whereas, the brains from the impoverished group decreased compared to the standard. Because the nerve
cel ls were farther apart  in the enriched vs. the impoverished brains, i t  was thought that the major
component of the brain changes due to enrichment had to do with al terat ions in the dendri t ic branching.
With more detai led studies, the cort ical  thickness increases were found to be due to several  factors, including
increased nerve cel l  s ize, number and length of dendri tes, dendri t ic spines, and length of postsynapt ic
thickening as measured on electron microscopic pictures of synapses. (Diamond et al .  1964 and 19BB).

In the ini t ia l  experiments designed to explore the impact of an enriched environment on the brain of
post-weaned rats,  only enriched and impoverished groups were used. Rats were maintained in their
respective environments from 25 to 105 days of age because there were no available data on how long it
would take to create chemical or structural  changes in the cortex. Chemical and anatomical measurements
taken from these animals showed signif icant di f ferences between the two groups - in cort ical  thickness,
cort ical  weight,  acetylchol inesterase, chol inesterase, protein and hexokinase levels,  (Bennett  et  al .  1964,
Diamond et al .  1964).  In these ini t ia l  experiments, however,  i t  was not clear i f  the changes were due to
enrichment or impoverishment because there were no standard condit ions establ ished as controls.

Nonetheless, the di f ferences in cort ical  thickness with this 80-day exposure to the two environmental
condit ions were not as great as during the 30-day exposure. Consequent ly,  in subsequent experiments, the
period of exposure to the experimental  condit ions was reduced from 80 days to 30 days, then 15 days,7
days and f inal ly to 4 days. At each of these intervals,  animals from the enriched environment showed
increases in cerebral  cort ical  thickness in some areas but not in others. For example, in the male animals
exposed for B0 days to enriched condit ions, the somatosensory cortex did not show signif icant changes,
whereas male animals exposed for 30 days did develop signi f icant di f ferences in the somatosensory cortex.
The occipi tal  cortex showed signif icant changes for both the B0- and the 30-day experiments, but,  again, the
dif ferences were greater at 30 days than at B0 days. I t  is possible that the longer exposure served to
increase cort ical  thickness in the early days of enr ichment but that over t ime the environmental  condit ion
became monotonous and this effect decreased. In later experiments the experimental  condit ions were
modified to try to establish what the major factors were that created the observed cortical changes. For
example, was the effect associated with the number of rats exposed or to the presence of stimulus objects?

The new condit ions included one rat l iv ing alone in the large enrichment cage with the objects that were
changed several times each week. The cortex of these rats did not show a significant effect of enrichment.
Twelve rats l iv ing together in the large cage without the st imulus objects did not show as great an effect as
12 rats l iv ing with the st imulus objects.  In other words, the combinat ion of social  condit ions and frequent
exposure to new st imulus objects were necessary for the animals to gain the ful l  ef fect of  enr ichment.

Establ ishing what const i tutes "enrichment" for human beings is more problematic.  Not only are control led
experiments not feasible, but no two human brains are ident ical ,  Individuals di f fer in their  genet ic
backgrounds and environmental  inputs. Furthermore, what is considered enrichment for one individual may
be quite different for another. Yet, as mentioned earlier, the enrichment effect was evident in Wernicke's area
from measurements of the amount of dendri t ic branching in brain t issue from col lege-educated individuals
versus that f rom high school-educated people. The basic f inding of dendri t ic growth in response to
environmental  st imulat ion appears in al l  brains studied to date. I t  would appear that newness and chal lenge
are important for the human cortex as wel l  as for that of  animals.

INDEPENDET'IT VARIABLES: AGE AND GENDER

Among the many variables researchers must consider as they seek to understand and accurately interpret
the effects of enr ichment on the brain, age and gender are important considerat ions. Enrichment has been
shown to enhance many aspects of cortical structure at any age - from prenatal to extremely old rats (904
days of age).  The amount of change varies with the age of the animal.  For example, when a 3O-day-old rat is
put in an enriched environment for four days, the effects are not as pronounced as they are in the
60-day-old-rat maintained in enriched condit ions for four days. Is four days too short  a t ime for the very
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young animal to adjust and benef i t  f rom enrichment? A young animal maintained for 30 days in an
impoverished environment shows reduced morphological  development of i ts cortex when compared to that of
an adult  animal maintained in impoverished condit ions for 30 days. In fuf ther age-related experiments,
another component was added to the enrichment condit ions of old rats.  Despite signi f icant increases in the
length of the dendri tes in the brains of 600-day-old rats that had been placed in an enriched environment for
30 days (600 to 630 days),  several  of  the old rats in this populat ion died.

To determine whether the enrichment condit ions could be modif ied to extend the animals'  l i fe span, the
invest igators added a new component:  hand-holding the rats each day for several  minutes whi le the cages
were cleaned. In an attempt to increase the l i fe span of the rats,  rats were placed three to a cage after
weaning at 25 days of age, and maintained in these standard condit ions unt i l  they reached 766 days, at
which t ime half  went into enriched condit ions unt i l  they reached 904 days of age and half  stayed in the
standard condit ions. The only var iable added was the dai ly hand-holding of the rats as they aged. Is i t
possible that handl ing the rats had extended their  l i fe span? Indeed, many invest igators have been amazed
thatthese rats survived to 904 days of age. The 904 day-old rats in enriched condit ions developed a cortex
signif icant ly thicker than the cortex of rats l iv ing in the standard condit ions (Diamond 1988).  These
experiments offered support  to the thesis that the cerebral  cortex is capable of responding posit ively to an
enriched environment at any age (See frq- 1).
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Experiments comparing the effects of enr ichment on male and female brains are few. Most enr ichment
studies have been carr ied out on male brain to avoid the compounding factors associated with the estrous
cycle. In one study focused on gender, the female neocortex was found to respond differently from the male
neocortex exposed to the same type of enr ichment condit ions (Diamond 1988).  The male showed signif icant
changes in cort ical  thickness in the occipi tal  cortex, but no signi f icant changes in the somatosensory cortex.
(Although the r ight cerebral  coftex in the brain of the male rat is thicker than the lef t ,  especial ly in the visual
or occipi tal  region, an enriched environment appears to al ter both the r ight and lef t  cortex simi lar ly.)  In the
female, the thickness of the occipi tal  cortex increased signi f icant ly in response to enrichment,  al though not
as much as in the male, but the thickness of the somatosensory cortex increased signi f icant ly more in the
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female than in the male. In a fol low-up experiment,  however,  in which obstacles were pi led up in front of  the
female food cup to provide a greater chal lenge to her already enriched environment,  the thickness of the
occipi tal  cortex increased as much as did that of  the male without the addit ional chal lenge.

In rats whose testes were removed either at birth or at 30 days of age before the rats were placed in an
enriched environment for 30 days, the increases observed in coft ical  thickness were simi lar to those of their
l i t termates with intact testes. (Diamond 1988) These f indings suggested that testosterone is not impl icated
in the increases in cort ical  thickness observed in the brains of rats l iv ing in enriched environments. Since sex
dif ferences were evident in the responses of the animals to enrichment,  interest was now focused on the
brains of pregnant rats,  in which the concentrat ions of sex steroid hormonal concentrat ions are great ly
al tered. The brains of female rats l iv ing in the enriched environmentfrom 60 to 90 days and then becoming
pregnant and returning to enrichment unt i l  116 days of age were compared between nonpregnant and
pregnant animals l iv ing in an impoverished environment for the same t ime periods. When animals from the
two groups were autopsied at 116 days, no signi f icant di f ferences in cort ical  thickness were found. Evident ly,
pregnancy has an effect on the cerebral  cortex regardless of whether the environment is impoverished or
enr iched.

These ini t ia l  experiments, al l  of  which were repl icated, clear ly indicate gender di f ferences in the brain's
response to enrichment.  Having dealt  with the independent var iables, we turn to the impact of dependent
variables in the enrichment paradigm. For these studies, one must look at:  durat ion of exposure, brain
anatomy and chemistry, presence of lesions or fetal neocortical grafts, negative air ions, stress, physical
act iv i ty and nutr i t ion, as wel l  as behavioral  ef fects.  These are discussed in turn below.

Durat ion: The durat ion of exposure to the enriched environment is clear ly a signi f icant dependent var iable
that must be factored into research in this area. As short  a period as 40 minutes of enr ichment has been
found to produce signi f icant changes in RNA and in the wet weight of cerebral  cort ical  t issue sampled. One
day of enr ichment was insuff ic ient to produce measurable changes in cort ical  thickness, whereas four
consecut ive days of exposure ( from 60 to 64 days of age) to an enriched environment did produce signi f icant
increases in cort ical  thickness, but only in the visual associat ion coftex (area 18) (Diamond 19BB).

When young adult  rats were exposed to 30 days of enr ichment,  however,  the ent ire dorsal cortex, including
frontal ,  par ietal  and occipi tal  cort ices, increased in thickness. Extending the durat ion of the stay in enriched
condit ions to B0 days did not produce any greater increase in cort ical  thickness than that seen at 30 days ( in
fact,  i t  was often even less);  however,  the longer the rat remained in the enriched condit ions, the longer the
cortex retained i ts increased dimensions fol lowing return to the standard environment (Bennett  et  al .  1974).
When we looked at age-related differences in the context of duration of stay in the enriched environment, we
found that old rats (  766 days of age) placed in enriched condit ions for 138 days showed an increase in
cort ical  thickness that was quite simi lar to that observed in young adult  rats (60 days of age) that had l ived
in enriched condit ions for 30 days.

Anatomical and chemical components: Early experiments, and those to fol low in subsequent years, again
demonstrated signi f icant di f ferences in brain chemistry and anatomy associated with enriched l iv ing
condit ions. Anatomical increases include al l  of  the structural  const i tuents measured in the cerebral  cortex to
date, such as cort ical  thickness (Diamond et al .  1964),  nerye cel l  soma size, nerve cel l  nuclear size (Diamond
1988),  dendri t ic dimensions (Hol loway 1966, Greenough et al .7973),  dendri t ic spines, synapt ic size and
number (Mol lgaard et al .  1971, Black et al .  1990),  number of gl ia,  capi l lary diameter (Diamond 1988),
dendri t ic number after lesions (McKenzie et al .  1990),  and successful  t issue grafts,  (Mattsson et al .  1997).
Chemical increases include: total  protein, RNA-Io-DNA rat io,  chol inesterase-to-acetylchol ine rat io,  Nerve
Growth Factor mRNA, cyclic AMP, choline acetyltransferase, cortical polyamines, NMDA (N Methyl D
Aspartate) receptors, and hexokinase, etc.

Lesionsl Another var iable has to do with the impact of enr iched condit ions on purposeful ly incurred brain
lesions. In a 1990 study, 60-day-old rodents were exposed for 30 days to ei ther an enriched or standard
environment two days after having received a lesion in the left frontal cortex that created a motor dysfunction
in the r ight forepaw. Animals l iv ing in the enriched condit ion showed signif icant increases in cort ical  dendri t ic
branching in both hemispheres, the lesioned and the non-lesioned sides, along with a signi f icant return of
motor funct ion in the r ight forepaw compared to those animals l iv ing in standard condit ions (McKenzie et al .
1990).
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Fetal neocortical graft: Similarly, providing an enriched environment to rats that had undergone fetal
neocortical grafts one week after lesioning was found to improve behaviorally and to reduce the atrophy in the
thalamus, a major structure beneath the cortex that suppl ies neural  input to the cortex (Mattsson et al .
L997). The fact that the fetal neocortical graft when placed in the lesioned cerebral cortex could prevent
atrophy in the underly ing thalamus as a consequence of enr ichment is of great interest to researchers
considering the future possibi l i ty of  using such grafts for brain-damaged individuals.

Air  ions: The possibi l i ty that physical  environmental  st imul i  other than those classical ly regarded as
"sensory" could have an effect on the brain was tested experimental ly by exposing rats l iv ing in enriched or
standard environments to high concentrat ions of negat ive air  ions, The experiments were undertaken to
determine whether the effect of  negat ive ions on serotonin, the putat ive second messenger cycl ic-AMP, and
on cycl ic GMP in the cerebral  cortex, di f fer depending on whether the animals l ived in enriched or standard
condit ions. Studies demonstrated that rats placed in the enriched environment in the presence of enhanced
negat ive air  ions ( ion density of 1 x 105) showed a signi f icant decrease in serotonin, an effect not found in the
brains of animals l iv ing in standard condit ions (Diamond et al .  1980).  Measurements of cycl ic AMP decreased
as wel l  in the brains of the animals l iv ing in the enriched condit ions, but cycl ic GMP did not.  These results
indicate the importance of considering air  qual i ty and atmospheric condit ions in determining the brain's
response to enrichment.

Stress: The presence or absence of stress represents yet another variable to be taken into consideration in
such studies, certainly so in any extrapolat ion of these f indings to humans, Stress is a major factor in
contemporary, fast-moving urban l i fe.  Crowding, for example, is deemed stressful  under condit ions where
competition for space or food is likely. Experiments were set up to assess the effect of crowding on the brains
of rats maintained in an enriched environment.  To create a condit ion in which crowding would be experienced
as stressful ,  36 rats were placed in an enrichment cage usual ly housing only 12 rats,  and kept there for 30
days. The results indicated that,  compared with rats l iv ing in standard condit ions, the thickness of the
medial  occipi tal  cortex increased signi f icant ly whether the enrichment cage housed 12 or 36 animals,
(Diamond et al .  1987).  One hypothesis to come from this study was that the animals'  interact ion with the
toys might be divert ing their  at tent ion or entertaining them suff ic ient ly to mit igate the stress of the crowded
condit ion.

Chronic stress has been reported by Meaney et al .  (1988) to produce excess glucocort icoids, which are toxic
to neurons - especial ly those of the hippocampus. Aged rats are part icular ly vulnerable to chronic stress. The
invest igat ions of Meaney showed that enr iching the l iv ing condit ions of old rats,  or handl ing them in their
infancy, helps to prevent stress-related hippocampal damage.

I t  is possible that stress can be produced by increasing the frequency with which the var ious objects in the
enrichment cage are changed. In al l  previous studies, objects had been replaced dai ly or at  least several
t imes each week. Then the quest ion was asked whether increasing the frequency of changing the objects
would fufther increase the growth of the cortical thickness/ or/ alternatively, would it be experienced as a
stress factor,  given that the animals were inhibi ted from interact ing with them in the more leisurely manner
to which they were accustomed. For these experiments, rats 60 to 90 days of age found their  objects
changed every hour for three hours on four nights of each week for four consecut ive weeks. Under this
regime, the cerebral cortical thickness did not grow significantly compared to cortices from rats whose
objects were changed several  t imes each week for four weeks (Diamond, unpubl ished.)

Cort icosteroids, released under stress, have been shown to reduce cort ical  thickness and future experiments
would be necessary to compare differences in corticosteroid levels in animals exposed to these differing
condit ions.

Behavior:  Psychologists have known for a long t ime that ear ly experience inf luences the adult  peformance of
an animal.  In experiments in the 1950s (Bingham and Gri f f i ths 1952 and Forgays and Forgays 1952)
invest igators were interested in determining how much experience in complex environments was necessary
to produce a highly intel l igent adult  animal and when, specif ical ly,  dur ing early l i fe these experiences had to
occur.  These studies showed that al l  of  the animals maintained in enriched condit ions were better problem
solvers than those with no enrichment;  however,  in some other occasions, using other tests,  enr iched rats
did not perform signif icant ly better than controls.

One of the most robust effects of environmental enrichment on the behavior of rats appears in the areas of
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learning and memory. Invest igators (York et al .  1989 and Kempermann et al  7997) studying the effects of
enrichment in the rat brain have reported that new nerve cel ls develop in the adult  dentate gyrus, an area
deal ing with recent memory processing, In the York experiments the rats were 60 to 90 days of age (truly
adult  animals) dur ing the enrichment experience, whereas in the Kempermann experiments the mice were
2tto 40 days of age. These f inding are signi f icant because neurogenesis had not previously been found in
the cerebral  cortex of the mammalian adult .  Earl ier studies had found that enr iched environments st imulare
the growth of dendri tes in the dentate gyrus, and only in female rats,  (Juraska et al .  1985).

Physical  Act iv i ty:  One component of enr ichment is the physical  exercise involved in the animals'  having to
move about the cage, interact ing with and cl imbing upon the novel objects.  These act iv i t ies appear to
inf luence the motor cortex as wel l  as the hippocampus. Olsson et al .  (1994) showed that rats l iv ing in
enriched environments at 50 days of age showed higher expression of the gene-encoding glucocort icoid
receptors and induct ion of genes for Nerve Growth Factors In the hippocampus.

Nutr i t ion: Nutr i t ion is clear ly an important var iable to consider in al l  studies deal ing with brain and behavior.
Environmental  enr ichment and impoverishment have pronounced effects on nutr i t ional ly def ic ient animals.
One study compared the effects of environmental  enr ichment on the offspr ing of mother rats l iv ing on
protein-r ich or protein-def ic ient diets during pregnancy (Carughi et  al .  1990).  The protein-r ich diet proved
benef ic ial  for the healthy development of the cerebral  cort ical  dendri tes in young rats and even more so when
combined with an enriched environment.

The cerebral cortical dendrites in rat pups from mothers with a protein-deficient diet were significantly less
well developed than those of their counterpafts, but, of greater importance, the coftex from the
protein-def ic ient animals did not s igni f icant ly increase with enrichment.  On the other hand, when
protein-def ic ient pups were fed a protein-r ich diet and maintained in an enriched environment during their
early postnatal life, cortical development improved almost to the level seen in rat pups from mothers on a
high-protein diet dur ing pregnancy fol lowed by postnatal  enr ichment.  These data are very encouraging,
because they suggest the possibi l i ty of  making up for lost brain growth during pregnancy by enriching both
the diet and the environmental  condit ions during the postnatal  per iod.

Another dietary factor signi f icant to opt imal brain funct ion is glucose. The brain depends almost exclusively
on glucose for i ts energy. Synapses use a great deal of  energy and glucose suppl ies this energy. Al though we
know that different parts of the brain use glucose at different rates, to learn which of 30 discrete brain
regions were most act ive in adult  rats placed in enriched l iv ing condit ions from 57 to 87 days of age, we
studied their  radioact ive glucose uptake during this 30-day period and compared i t  with that of  rats raised in
standard condit ions (Diamond 1988).  Again, the cerebral  cortex showed the greatest di f ferences between
enriched and nonenriched groups, but,  surpr is ingly,  of  the two groups, glucose uptake was lower in rats
maintained in enriched condit ions. We concluded from this f inding that glucose uptake is more eff ic ient in the
brain of animals l iv ing in enriched environments. Out of the 30 areas of the brain measured, including the
cottex, only one area showed signif icant ly greaterglucose uptake in the enriched animals: the corpus
callosum, specifically, the large mass of axons connecting the nerve cells between the two cerebral
hemispheres. Could the axons forming the corpus cal losum from the nerve cel ls in the cerebral  cortex be
more active than the nerve cell bodies from which they arise? Yet the right and left cerebral cortices show
comparable cort ical  thickness increases with enrichment due to the effects on dendri t ic branching, but now
the data show that the rates of glucose utilization in both the frontal and parietal coftices were 1370 lower rn
the enriched rats than in the standard control  rats,  a paradox to be untangled in the future.

Methodological issues associated with enrichment research in humans: Of the vast number of animal
studies that y ield results of interest to human research, studies on the impact of an enriched environment
on brain development and behavior can be of enormous interest to humans. Despite simi lar i t ies in some key
respects between the brain of the rat and other mammals, repl icat ing or extrapolat ing from anatomical and
chemical studies conducted in animals is fraught with di f f icul ty,  for obvious reasons. Not only is i t  not
present ly possible to control  al l  of  the experimental  var iables at work in humans, but the diversi ty and
complexi ty of human experience mil i tates against designing experiences comparable to those used with lower
animals.

Nevertheless, these studies and what few human studies have been done, suggest that there are
measurable benef i ts to enriching an individual 's environment in whatever terms that individual perceives his
immediate environment as enriched. At the very least,  this work indicates that there are many opportunit ies
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for enhancing brain act iv i ty and behavior at al l  ages, and that they can have pronounced effects throughout
the l i fe soan.

RESUMO

Antes de 1960, os cient istas consideravam o enc6falo como imutdvel,  sujei to apenas ao controle gen6t ico.
Entretanto, no inic io dos anos 60, alguns pesquisadores especulavam seriamente que inf luGncias ambientais
podiam ser capazes de al terar a estrutura cerebral .  Por vol ta de 1964, dois laborat6r ios de pesquisa
demonstraram que a morfologia e a quimica ou a fisiologia do c6rebro poderia ser modificada pela experiGncia
(Bennett  et  al .  1964, Hubel e Wiesel 1965).  Desde ent6o, a capacidade do c6rebro a responder para
responder a insumos ambientais,  especif icamente ao "enriquecimento",  tornou-se um fato aceito por
neurocient istas, educadores e outros. De fato, a demonstragSo de que o enriquecimento ambiente pode
modif icar componentes estruturais do c6rebro de rato, em qualquer idade, al terou suposig6es prevalentes a
respeito da plast ic idade cerebral  (Diamond et al .  1964, Diamond 19BB).
O c6rtex cerebral, a Srea associada com o processamento cognitivo superior, 6 mais receptivo do que outras
partes do enc6falo ao enriquecimento ambiental .  A mensagem 6 clara: embora o enc6falo possua uma
organizaESo macro-estrutural  relat ivamente constante, o sempre-mutdvel c6rtex cerebral ,  com sua
microarquitetura complexa de potencial  desconhecido, 6 fortemente moldado pelas experiOncias antes do
nascimento, durante a juventude e, em verdade, ao longo de toda a vida. E essencial  que se note que os
efei tos do enriquecimento sobre o enct i falo t6m consequ6ncias no comportamento. Pais,  educadores,
geradores de pol i t icas e quaisquer individuos podem todos se benef ic iar de tal  conhecimento.
Palavras-chave: enr iquecimento, c6rtex cerebral ,  hipocampo, envelhecimento, neurogOnese em adultos,
dend r i tos.
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