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EFFECTS OF ENVIRONMENTAL ENRICHMENT AND 
IMPOVERISHMENT ON RAT CEREBRAL CORTEX 

MARIAN C. DIAMOND,* MARK R. ROSENZWEIG,t EDWARD L. 
BENNETT,t BERNICE LINDNER,* AND :LJ~NNIS LYON* 

Department of Physiology-Anatomy, Department of Psychology, and Laboratory of 
Chemical Biodynamics, Unir1crsity of Califnni:ia, BP-rkcley, California 94720 

SUMMARY 

The first part of this paper deals with rat bmin anatomy as affected by 
variations of starting age and of duration of exposure to enriched (com­
plex) or impoverished (restricted) environmental conditions. Cerebral 
cortical depth measurements and weights of brain samples are compared. 
The second part of this report is concerned with an attempt to establish 
the extent to which the enriched condition or the improverished condition 
is responsible for the histological brain changes; this is done by com­
parison with brains from animals in the standard colony environment. 
The results indicate that both larger and more extensive cortical depth 
effects are found in rats exposed for 30 days rather than 80 days to their 
respective environments. The effects of enrichment are more prominent 
in the dorsal cortical segments, whereas the effects of impoverishment are 
more evident in the lateral cortical segments. More precise localization 
of cortical changes is obtained by measuring the depths at many segments 
than by taking the weights of relatively large blocks of tissue. 

INTRODUCTION 

We have previously reported significant differences in cortical depth 
between littermate rats raised in enriched (EC) or impoverished (IC) 
environments from 25 to 105 days of age (Diamond et al., 1964, 1966, and 
Diamond, 1967). The present paper expands and amplifies these results 
in three main ways: (1) Both starting age and duration of experimental 
periods are varied. (2) In an attempt to determine whether the experi­
mental effects were caused by the enriched or the impoverished condition, 
a third condition is introduced intermediary between the other two con­
ditions. (3) We have compared cortical depth measures with cortical 
weight values from enriched and impoverished animRls. 

* Department of Physiology-Anatomy. 
t Department of Psychology. 
t Lnbot·A tory of Chemical Biodynamics. 
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48 DIAMOND ET AL. 

Part I. EC-IC Experiments Varying Duration and Age. These 
···experiments were designed to provide precise localization of cerebral 

cortical depth differences on transverse brain sections from rats exposed 
. to EC or IC for each of the three following periods: 25-55 days, 60-90 

· days and 105-185 days, and to compare the results with data previously 
•obtained for the 25- to 105-day period (Diamond, 1966, 1967). One 
reason for this extended study was our finding that the cortical weight 
differences between EC and IC rats increase with 30 days of exposure to 
the respective environments and then diminish if the animals are re­
tained in the conditions for a longer period, for example, 80 days (Bennett 
et al., 1970). We had also found that rats exposed to the two environ­
ments from 105 to 185 days of age developed differences in brain weights 
and brain chemistry, as much as did the 25-105 day animals (Rosenzweig 
et aL 1971). We then asked whether cortical depths would show similar 
effects. 

METHODS 

Littermate pairs of male rats of the 8 1 strain from the University of California 
Psychology Department were used in these investigations. The detailed description 
of the EC and IC has been previously published (Bennett et al., 1964), as have the 
histological methods with data from the 25- to 105-day groups (Diamond, 1967). 
Only a brief description of the behavioral condition and histological methods will be 
presented here. 

Behavioral conditions. From each littermate pair of rats, one animal entered EC 
and one JC. The animals in the EC lived together, 10-12 animRls to a large cage (70 
by 70 by 46 em), and had access to a daily selection of toys. e.~., ladders, tunnels, 
swings, etc. !Rosenzweig and Bennett, 1969) and explored a Hebb-Williams maze for 
30 min each day. 

The IC animals lived one to a small cage (34 by 20 by 20 em) with soliri side walls so 
that animals could see or touch no other rat. The IC cages were placed in a separate, 
rather quiet room. Food and water were avllilable to all.rats ad libitum. 

The environmental conditions were similar for all experiments. With the age and 
duration being the independent variables, 3 new groups of EC-IC experiments were 
designed for comp:J.rison with the previous results for the 25- to 105-day period (11-29 
pairs, depmding upon the sections taken for examination) (Diamond, 1967): I. 25-
55 days of age (31 p:1irs of rats, 3 experiments). II. 60-90 days of age (50 pairs of 
rats, 4 experiments). III. 105-185 days of age (18 pairs of rats, 2 experiments). 
Animals in II and III lived 3 per colony cage from weaning at about 25 days until 
assignment to experimental conditions at either 60 or 105 days of age. 

Histological procedures. At the time of autopsy all animals were given code 
numbers so their previous behavioral conditions were not known to the anatomists. 
The rats were anesthetized with ether, perfused with formol-saline, and the brains 
carefully removed from the skull. After being placed in the fixative for several days, 
the brains were prepared for either celloidin or frozen sections. \Ve usually employ the 
celloidin technique in the event that more precise cytological measures, such as cell 
si:r.e or cell counts, are planned. Frozen sections are taken when only cortical depth 
measures are intended. Previous work has indicated that. environmentally induced 
depth changes can be detected equally by either the frozen or celloidin methods !Dia­
mond eta!., 1966). Ten micra transverse sections were cut from fmntal, Bomesthetic, 

-. 
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and occipital cortex using subcortical landmarks to insure uniform sampling. The 
subcortical landmarks were identical to those used in a previous publication (Diamond, 
1967), but the distance between the S8ctions has been more accurately placed on the 
figures in this paper, so different spacing is presented than on those figures previously 
published. Section 4 was nrjt included in the present paper, but the numbering was 
kept the same as before in order to prevent cor.fusion in locating sections. Each section 
was divided into segments B, C, D, and F. as shown in Figures la~-1b. 

The positions of our sections can be related t.o Krieg's (1946) cytoarchitectonic 
designations of the rat cerebral cortex as follows: s~etions 1-2 represent parts of 
Krieg's areas 8 and 10 from which motor responses can be elicited. Sections 3-7 
encompass Krieg's area 4, part of the somatic motor cortex, and areas 3, 2, and 2a 
including the general somatosensory regions of the pariet.al cortex. The dorsal- and 
dorsolateral portions (B and C) of sections 8-10 include areas 18, 17, and J.8a; the 
lateral portions (D and E), 39 and 4L Area 17 is the prima1·y visual receptive area and 
18 and 18a are association visual areas. Are1:1. 41 is the auditory receptive area, and 
area 39 is an association cortical region. Thus, segments B and C in the ocdpital 
region are more dose.ly associated wjth the visual system whereas the more lateral 
areas, D and E, are associated with auditory anrl aEscciation functional regions. 

The brains to be prepared for frozen sections were removed from the fixative and 
placed in 30% sucrose for 48 hr prior to freezing with CO.. Twenty micra frozen 
sections were cut from each brain and nine sections were taken at the identical land­
marks used for celloidin sections. 

The methods for taking samples for wet weight measures have been reported pre­
viously (Bennett et al., 1964). Histological sections 3-7 transverse the somesthetic 
cortex (S area) and sections 8-10 transverse the occipital cortex (0 area), so that values 
from these sections can be combined for comparison with similar areas which have been 
taken for wet weight. That is, to obtain a single value for depth relatively comparable 
to th€ value for wet weight from a cortical area, cortical depths for sections 3, 5, 6, 
and 7 were averaged over segments B, C, and D for a somesthetic sample (see Figs. 
1a-1b). Depths for sect:ons 8, 9, and 10 vvere avu.:-;;:~d over Ecgments B, C, and D to 
represent an occipital cortical sample. 

All tissues were stained with Windle's thionin stain (Windle, 1943). Microslide 
projected outlines were traced. (22.5 X) :;nd cortical depth readings were measured with 
a millimeter rule directly on the outlines; depth measures extended vertically from the 
corpus callosum to the dorsal surface of Layer II (Diamond et al., 1966). (Previously, 
in the 25- to 105-day period, Layer I was measured separately and did not show an 
EC-IC effect. Again, in the present experiments no differences were found in mea­
suring Lz.yer I, so all depth measures begin with Layer II.) The measurements began 
immediatPly lateral to the elev2.tion of the corpus callosum (line 11, Fig. 1, Diamond 
et al., 1966) and were taken at each 6 mm interval fer the celloidin sections. They 
were taken at 8--9 mm intervals for f,he frozen sections, which are larger because the 
tissue has not been affected by shrinkage. The measurements continued laterally to 
the widest dimension of the brain section, so that there were more readings in the 
posterior, wider sections. No measures were taken in the g sP-gment of the occipital 
cortex in the 25- to 105-day group. The A segment, medial to the elevation of the 
corpus callosum, was not measured in the present studies, because there is more 
variability in the dimensions of this area than on the dorsal surface of the cortex. 
For each segment, depths from the right and left hemispheres ware averaged. -

The results were analyzed by a two-way analysis of variance testing the effects of 
environmental treatment and differences among litters. Detailed statistical com­
parisons between EC and IC are available upon req\1est.; thef.e compare EC and IC 
differences for each :;egment from each section separately for eneh individual experi­
nwnt from l'IH'h ngl' group. 

• 
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Fig. 1. Dorsal views of rat brain showing significant differences between EC and IC 
in depth of cortex; the differences are presented as percentages: EC minus IC/IC X 
100. The percent value for each segment was obtained by averaging depths from the 
right and left hemispheres. The numbers 1-10 indicate the positions of the sections 
taken, and A, B, C, D, and E represent standard arbitrary segment divisions of each 
section. Figure IA represents results from animals in the EC--IC conditions from 25 to 
55 days of age and 1B from 60 to 90 days of age. 
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RESULTS 

Figures 1 and 2 include the mean percent depth differences between 
'EC and IC groups for each segment, B, C, D, and E from the combined 
experiments for each age period. Differences significant at beyond the 
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Fig. 2 (continued) 
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0.05 level are starred. Figure 2a, a modification of a figure on 25- to 105-
day animals published previously, Diamond, 1967, is presented for com­
parison with the more recent data. Figure 2a differs from the published 

60-90 Day__s ____;N;..;.._"' ~50;:_;_;Pa:.;..;ir...::s 

Fi~. 2. Dorsal views {'If rat brain showing 80-dny EC IC effects as percentage 
difft'l"\'tWt's. H:nnbt>l~ nnd tlbht"t'vinti!>ns lli"UIIS in Figut"el. Nnte in FigurE• 2 that some 
t>f tlw dill"t>rt'l\l't'" 1\l"t' tll'~nt ivt•, i.t' .• tlw h' is ~1"\'n lt>r t hnn till' EC. 



t) J 

54 DIAMOND ET AL. 

. , figure in that the non-significant values as well as the significant ones are 
included. 

A. 25- to 55-clay EC-IC. Figure la shows that the greatest depth 
. · differences occur in the occipital cortex (sections 8-10). The EC-IC 

!lifferences are more pronounced in the B and C segments than in the 
more lateral D and E segments in the occipital cortex. In the somesthetic 
cortex a similar pattern is shown with the EC-IC effects being gre,ater 
in the Band C segments than in the D segment. 

The EC-IC effects in each of the 9 sections from the present 25- to 
55-day period (Fig. 1a) were compared with each"'of the 9 sections from 
the previously reported 25- to 105-day period shown in Fig. 2a. Although 
the 25- to 55-day treatments showed larger effects, in 23 out of 24 seg­
ments compared, in only 4 out of the 24 comparisons were the differences 
significant. 

B. 60·- to 90-day EC.-IC. The 60- to 90-day period yielded the · 
most positive results in depth measurements encountered throughout 
the set of experiments, as shown in Fig. lb. Every segment of occipital 
cortex gave differences significant at beyond the 0.001 level for the four 
experiments combined. Figure lb also showed larger EC-IC differences 
than have been previously noted outside the occipital region. The 
25- to 55-day treatment (Fig. 1a) had given evidence that the somesthetic 
cortex was responding to a 30 day experimental condition, but there is 
no question that the 60-90 day treatment had a marked EC--IC effect 
in the somesthetic cortex. 

A statistical comparison of cortical depth effects was made between 
section 5 and section 9 on four 60--90 day experiments in order to test 
whether the EC-IC effect was greater in a sample from the occipital cortex 
(section 9) than in a sample from the somesthetic cortex (section 5). The 
effect in each segment in the occipital cortex was significantly greater than 
in the somesthetic cortex (Rosenzweig et al., 1969). 

We compared the EC-IC differences from the 60- to 90-day period with 
both the 25- to 105-day and the 25- to 55-day period. The effects for the 
60- to 90-day period were significantly larger than those for the 25- to 
105-day period in 23 out of 26 segments. The differences between 60--90 
and 25 -55 did not reach statistica] significance except in two cases, al­
though in 22 out of 27 segments compared, the 60- to 90-day period showed 
greater EG-IC effects than did the 25- to 55-day period. 

C. 105--185 day EC-IC. In the 80 day experiments with the older 
animals, 105-185 days (Fig. 2b), the cortical depth changes were not as 
marked as in the two 30-day experiments. The Band C segments of sec­
tions 8 and 9 from the older animals were the only areas with significant 
differences, 4--5%, and these were significant only between the <0.05 
and 0.01 levels in contrast to the strongly signifi<'nnl <.0.001 cliffprences 
in lhe 25 55 and 60- t.o 90-day periodl.-1. I 11 part.. the lowl'r ltwel of ~ignifi­
cance of 105- to Hm-rlay result.~ is due t.o t.hc smaller numhm· of t•nses 
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tested at this age range. The EC--IC results were not significantly differ­
ent in any of the sections compared between the two 80-day groups. 

DJ:SCUSSION 

We have now mapped enriched vs. impoverished cortica~ depth effects 
during 4 conditions: two 80-d~.y groups, 25--105and 105--185 days; two 
30-day groups, 25-55 and 60 ·-90 days. In making comparisons among 
these groups, there are several questions to be asked. 

A. Are the EC--J:C efl'ects similar for the 1~wo 80-day groups where the 
ages at onset differ? We can answer a definite Yes, for in none of the 
sections compared was the cortic8.l depth significantly different between 
the two 80-day groups. 

B. Are the EC--IC effects similar for the two 30-day groups when their 
ages at onset differ? In comparing the 25- to 55-day experiments with 
the 60- to 90-day experiments, the lateral occipital cortex (segments D and 
E) was the only area showing significant differences, with the 60- to 90-
day group having higher values than the 25- to 55-day group. With this 
one exception, the results of the two 30-day periods do not differ. 

C. Do the EC--IC cortical depth effects found from 80 days of treat­
ment differ significantly from those found from 30 days? The younger 
30-day group (25--55) does not differ markedly from the two 80-day 
groups. However, the older 30-day group (60-90) is significantly greater 
than both the 80-day groups in scvend of the comparisons made. 

The region of the cortex which shows enriched vs. impoverished differ­
ences in the greatest number of comparisons is the caudal region of the 
cerebral cortex including the occipital cortex, a fact which has been re­
ported previously (Rosenzweig et al., 1969). In the present study, we 
have supported our earlier data and in addition have shown that the 
frontal 2.nd somesthetic regions demonstrate morphological changes when 
the duration of the environmental treatment is for 30 days instead of 80 
days. The cortical depth measures indicate that some areas such as the 
motor and somesthetic cortex respond to the environmental conditions 
for only a certain period, and then these brain differences diminish as the 
enriched vs. impoverished treatments are prolonged. 

Figures 3 and 4 present wet weight data collected over a 3-yr period to 
study the variability of the EC--IC effect during several seasons in a single 
year and over several years. These ·figures summarize data extending 
from 1966 to 1969 from 13 experiments for the 25- to 55-day period and 
from 8 experiments for the 60-· to 90-day period. Although the EG--IC 
differences are small in some cases, they have been found in all experi­
ments. There are no apparent trends with regard to seasonal effects or 
in comparing recent values with those from the earlier experiments. The 
extensive data on weight differences can be used to find the sampling 
distribution ofEC-IC effects. 



25-55 DAY EC-IC EXPERIMENTS 

13 EXPERIMENTS WITH MALE S1 RATS 

EC-IC 
--~c- % WEIGHT DIFFERENCES 

Year: 1966 1967 1968 --- -------
Month: 1 I 4 6 10 ~· 10 2 4 4 

1969 

B II 

OCCIPITAL CORTEX 

~ 
. • • • Mean .. , r . , 

,~. :lU~ uJ~h~~~ ~ 
No. casu -l. -~ _1_ 7 :) . ~ ..!. .L l 7 lL ~ lZ. ..!..L6_ 

EC>IC tl II 10 lO 10 9 10 10 10 9 II 12 12, 135 

SOMESrHETIC CORTEX 

J . . .... 10 : • • • 

~'~ 8 • .. : 

Oorf ~ 8 § R = ~ § R ~ 0 R § § 8 
~~o ~s~s .!. ..!Q 2. ..!. ~ .!. ...1... .I_ ll _1_ ...!.l .1. .!.. ~ 

E:>tC II II 10 10 10 9 10 10 10 9 II 12 12 135 

Year: 

Month: 

1966 1967 1968 

-~--1 4 6 10 10 10 244 

TOTAL CORTEX 

1969 

8 II 

~ . ' . . ... 
,~.·1 ~Uh§R9§~AoR § 

II II 9 10 9 9 8 9 10 9 II 9 10 125 
No£g~~~s Tr iT "R) 10 iO 9 10 iO 10 9 Tr T2 12 13"5 

RATIO OF WEIGHT 1 

CORTEX 
~<nTllfs!fAIN t 

,~. l~ § § 9 § ~ § R 8 ~ R R § ~ 
N~go>sl~ if * fa 18 iS t 1'h i+J -\% t if tf 1-S : ~~ 

Fig. 3. The percentage differences in cortical weight from 81 animals in EC-IC from 2.5 to 55 days of age. The data were collected over 
a 3-yr period for individual experiments, but this compilation of all the data has not been published previously The month and year 
of sacrifice are shown. 
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60-90 (or 70-100} DAY EC-IC EXPERIMENTS 

8 EXPERIMENTS WIT-H MALE s 1 RATS 
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Fig. 4. The percentage differences in cortical weight from 8 1 animals in EC-IC from 60 to 90 days of age. 
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Table 1 compares EC-IC percentage differences in depth and weight 
values for two different age periods, 25-55 and 60--90 days. For the 60-
"to 90-day period the depth and weight values both show highly significant 
EC-IC differences; and the two measures do not differ statistically. 
For the 25- to 55-day period the EC--IC differences are twice as great for 

•the occipital as for the somesthetic cortex on both measures but the 
magnitude of the weight difference is more than two times as great as the 
depth differences. The differences between the weight and depth mea­
sures are significant beyond the 0.001 level for the occipital cortex and 
beyond the 0.05level for the somesthetic cortex. 

Table 1 
EC vs. IC % Differences Comparing Cortical Depths with 

Wet Weight Values 

30-Day experimental conditions 

25-55 Days 60-90 Days 
----

Depth Weight Depth Weight 

Somesthetic 
Occipital 

--------
% EC > 

diff.• IO 

2. 2< 20/31 
4.6d 23/30 

% EC > 
diff. IC 

4.7~ 99.5/135 
10.4d 116/135 

" % difference = EC minus IC/IC X 100 
b number of cases EC > IC 
'p < 0.01 
d p < 0.001 

% EC > % EC > 
diff. IC diff. IC 

3.6d 38/50 4.9d 66.5/87 
6.2d 45/50 7.8d 64.5/87 

After having presented data on cortical depth and cortical weight, one 
can now ask whether anything further is learned by carrying out the more 
tedious histological methods instead of simply weighing samples of cortical 
tissue. One obvious advantage in taking the histological measures is that 
we gain more detailed knowledge of the spatial distribution of the EC-IC 
effects in the cortex. The EC-IC differences are more pronounced in the 
dorsal and dorsolateral aspects of the sections than more laterally, with 
the exception of the 60- to 90-day period where the EC-IC differences 
appear more uniform (Fig. la-lb). 

Part II. EC-SG--IC Experiments Varying Age of Onset 

METHODS 

The standard colony (SC) group was included in two of the 25- to 55-day experiments 
(22 sets of triplets) and in two 60- to 90-day experiments (21 sets of triplets). Here 
full EC--SC-IC resultR will he presented for thet-~e 4 experiments. Littermnte lt"iplot.s 
wert' Hepnrntcd into the EC, rc. or sc. In t.ht• sc. :l rni.R Wtll'(l holl>!l'd in II !<inHit• 1~/11{11 
n•mpnrnhlt• in :;i:r.t- to t.htl IC enge 1.a4 hy 20 h.v :w em), hut. l.ht• ~<idt•H wt•r., wit••• hnr~< 
inHiend oflwinK Holirl md-lilnH in t.lw IC (:III{Pt4. 
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RESULTS 

A comparison of relative effects of environmental enrichment (EC vs. 
SC), shown by the dotted area, and of impoverishment (IC vs. SC), striped 
bars, is given in Figures 5 and 6. The results for the 25- to 55-day period 
will be presented first in Figure 5. 

For the dorsal B segment, both EC and IC contribute about equally to 
the cortical differences, i.e., they are equally far removed from the SC. 
In the dorsolateral C segment, the EC-IC c-Drtical depth differences are 
brought about more clearly by the IC condition, with the SC-IC differ­
ences reaching a stati<>tically significant level primarily in the occipital 
cortex. In the lateral D segment, only the IC gives significant results. 
The EC effect fades out as one progresses laterally. 

In the 60- to 90-day group (Fig. 6) the EC appears to have a stronger 
influence in the occipital region than in the more anterior regions. The 
EC--IC differences appear throughout the cortex and are due to both EC 

Percentage Differences in Cortical Depth 

EC-SC-IC 25-55 days of age N= 22 Pa_irs 

S~Zgm~Znts B c D 
EC-IC EC-IC 

I 
EC·IC 

1 .01 

I 
2 I 
3 

5 
II) 

6 .01 .05 c 
0 
.... 7 .001 u 
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Fig. 5. This figure shows cortical depth differences between the enriched condition 
(EC) and the standard colony (SC), and between the impoverished condition (lC) and 
the SC from 25-55 days. (Fig. la compared only EC--IC from 25--55 days.) The 
histological sections are numbered on the left of each segment, extending from the 
anterior section 1, to the po!-!Lerior section 10, as shown in Fil{fl. I and 2. The p valueK 
for the EC-IC % differences are to the right of the segments, B, C, and D. 
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Percentage Differences in Cortical Depth 
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Fig. 6. This figure shows cortical depth differences between the enriched condition 
(EC) and the standard colony (SC), and between the impoverished condition <I C) and 
the SC from 60-90 days. The histological sectionR are numbered on the left of each 
segment, extending from the anterior section 1, to the posterior section 10, as shown in 
Figures 1 and 2. The p values for the EC-IC % differences are to the right of the seg­
ments B, C, and D. 

and IC. In the dorsolateral C segment, the occipital area is more affected 
by the EC than by the IC. However, the more anterior somesthetic and 
frontal regions appear to be more affected by the IC. Once again, as in 
the B segment, the EC-IC differences are statistically significant through­
out the cortex in the C segment for the 60- to 90-day ·period, but the 
differences are not as large in the B segment. As with the 25-55 day 
period, the IC effect in the lateral D segment is more dominant than the 
EC effect. In fact, there is only one section which shows a positive EC . 
effect (Fig. 6, Section 9). 

DISCUSSION 

These data show different EC-SC--IC effects depending upon the age of 
the animals and the segments of cortex studied. The only uniform effect 
is found in the D segment where IC is predominantly responsible for the 
cortical depth difference in both 30-day groups. 
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Fig. 7. EC vs. SC and IC vs. SC % differences in cortical weights for 25- to 55-day 
experiments (upper half) and 60- to 90-day experiments (lower half). 

The lateral segments, predominantly affected by isolation, include the 
auditory cortex. Rats are very sound-oriented creatures. Raising rats 
in a quiet room may have caused the auditory area to receive less stimuli 
and, thus, the decrease in cortical depth in the posterior lateral cortex. 
The precise environmental factors which are responsible for these reported 
areal cortical changes are yet to be discovered. 

We have previously reported EC--IC differences in differential glial 
counts and in neuron and neuron-nuclear size (Diamond et al., 1966; 
Diamond, 1967). Since all of our detailed histological measures were 
taken on 25- to 105-day experiments, we still cannot say if the impoverish­
ment or the enriched conditions for this age group were predominantly 
responsible for the EC-IC cell differences. The detailed studies in the 
25- to 105-day period were undertaken on the B segment on Section 9 in 
the occipital cortex, an area for which the 60-90-day experiments show pre­
dominantly an enrichment effect and for which the 25- to 55-day experi­
ments show both EC and IC effects. Experiments are in progress to 
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l?tudy the EC-SC--IC differences on the 25-105 day period. Similarly, 
we have recently found EC-IC synaptic differences in a study utilizing 
the electron microscope (M¢llgaard et al., 19'71). It will be necessary to 
,replicate these electron microscopic experiments with an SC group. 

It is now important to compare the depth effects (Figs. 5 and 6) with 
weight effects (Fig. 7). For the 25- to 55-day periods the overall EC-IC 
differences for both weight and depth are due either to impoverishment or 
to both impoverishment and enrichment, but not due primarily to enrich­
ment alone (Figs. 5 and 7). For the 60- to 90-day period, in the occipital 
cortex, the enrichment effect was greater than the impoverishment effect 
for both depth and weight. In the somesthetic section, weight and 
depth differences do not agree. The depth shows an isolation effect and 
the weight shows no difference. Tho new 25- to 105-day EC-SC-IC 
experime11ts will also be studied in this regard. 

Once again the value of measuring cortical depth in addition to measur­
ing wet weight is borne out by greater spatial- resolution in the depth 
measurements. Take for example the 60- to 90-day period (Fig. 6) 
where the medial segment of the occipital cortex shows primarily an EC 
effect, whereas the lateralsegment is influenced principally by the im­
poverished condition. The whole block of tissue taken for wet weight 
cannot be used to distinguish these areal differences. 

That vision is not playing a primary role in the EC-IC effect has been 
supported by previous work showing that cortical weight effect occurs 
even when enriched and impoverished experiments are run in the dark or 
with blinded rats (Krech et al., 1963; Rosenzweig et al., 1969). It has 

. been reported that fibers other than visual fibers are associated with the 
occipital cortex. These include connections with the basal ganglia 
(Lehmann and Koukkou, 1964), hypothalamus (Vanegas et al., 1969--
1970), hippocampus (MacLean and Creswell, 1969) and non-specific 
thalamic fibers (Akimoto and Creutzfeldt, 1958; and Skrebitsky, 1969). 

As part of our overall project, we have endeavored to determine what 
aspects of the experimental environments are responsible for the changes 
in cortical depth and in other brain measures. While this problem is not 
yet completely solved, we have .demonstrated some factors to be of im­
portance and others not to be required to produce the changes. What 
seems to be necessary is active exploration on the part of the EC animal 
with varied stimulus objects, the period of exposure being at least about an 
hour per day over a few weeks. Although the largest changes occur in the 
occipital region, we have found that visual experience is not required, 
since rats develop clear EC-IC differences even if they are kept in the 
dark or are blinded before the start of the experiment (Rosenzweig et al., 
1969). Although animals are usually kept in a group in EC, social in­
fluences are not required, since rats exposed singly to EC develop the 
brain effects, especially if they are run in the dark period of the daily cycle 
or are primed by small doses of an excitant drug. Control experiments 
have shown that the increased locomotor activity and the handling that 



.. .. 

. ' 

• 0 

0 

. RAT CEREBRAL CORTEX 63 

characterizes the EC situation are also not required to induce the cerebral 
effects, nor is stress a factor (Rosenzweig, Bennett & Diamond, in press). 

CONCLUSIONS 

L The somesthetic cortex shows a significant enriched (EC) vs. im­
poverished (I C) cortical depth difference for the 30-day experiments but 
not for the 80-day experiments. The occipital cortex shows the EC-IC 
effect for both durations. 

2. The EC-IC effects on cortical depth for the 25- to 105- and 105- to 
185-day experiments do not differ significantly from each other. Thus, 
age of onset is not a critical factor. 

3. In most parts of the cortex the EC--IC effects for 25-55 days do 
not differ from those for 60-90 days. 

4. The separate effects of enrichment and impoverishment were mea­
sured by comparison with standard colony (SC) littermates. The EC-SC 
effects are more pronounced in the dorsal cortical segment, whereas the 
IC-SC effects are more evident in the dorsolateral and lateral segments. 

5. The EC-IC cortical weight differences are found in each of 13 
25- to 55-day experim.ents and in each of eight 60- to 90-day experiments 
over a 3-yr period. 

6. For the 60- to 90-day period the cortical depth and weight values 
show highly significant differences and the two values do not differ statisti­
cally from each other. 

7. For the 25- to 55-day period the differences between weight and 
depth measures are significantly different from each other. 

8. More precise localization of cortical changes is obtained by measur­
ing the depths at many segments than by taking the weights of relatively 
large blocks of tissue. 
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This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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