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. Mark R. Rosenzweig
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‘Edward L. Bennett, Marie Hebert, and Hiromi Morimoto
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ABSTRACT

Eniiched postlesion éxperience aided in overcoming effeé£; of gimulta-
neous biiateral.cerebral lesions made at 30 days of age in one experiment with
inbred Fischer fats and in a second with the Berkeley 53 stréin. The lesions
were directed to the occipital cortex, but in mpst cases there was algo some
impairment of the hippocampus. for 60 days after operations, half of the rats
lived in small individual cages and half lived in groups in large enriched-
environment cages. They were then pretféined and tested‘Qn the standard 12
Hebb-Williams problens. Daily injections of methamphetamiﬁe‘(vs. saline) in the
first experiment.produced no effect on the behavioral scores. The second experiment
included groupsithat.received only 2 hr/da& of enriched experience, and theyv
benefitted as'muéh as groups that remainea in the enrichéd environment 24 hr/day.
The results pof Eoth.eipérimehfs demonstrate significant beneficial effects of
environment when bilateral lésions were made ét a later age and when the periods
of enriched experience wére shorter tﬁan have previously been tested. A third

experiment, run in.péfallel with the second behavioral experiment, revealed
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significant effects of both lesions and environment on both weight and

RNA/DNA of brain regions.

Reprint requests should be sent to either Bruno E, Will, Laboratoire

B ]
de Psychophysiologie, Université Louis Pasteur, Strasbourg, France, or to
Mark R. Rosenzweig, Department of Psychology, University of California,

Berkeley, California 94720,
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' Relatively brief ...

The roie 6f.environmentalA6r pharmacological sﬁimulation in aiding
recovery from effects of.brain lesions has been studied rélatively iittle,
and their value reﬁains controversial for both animal sﬁbjects (Greenough, Fass, &
DeVooég7? Isaacscn, 1975) and human' patients (Sarno; 1970; Stern, McDowell,
Miller &‘Rébinson, 1971; Teuber, 197h). While stimlation in the period
‘Betweeﬁ two unilaterzal lesibns has been reported to be beneficial in
several expérimental studies (e.g., Petrinovich & Carew,~l969;vKircher
et al., 1970); effects of stimlation after bilateral lesions have rarely
béen:invéstigated,'even when similtaneous bilatéral lesions were included
.in the same experiments as successive unilateral lesionsb(e.g., Petrinévich
&_Bliss,'1966;‘Pé£rinovich & Carew, 1969; Kircher et al., 1970). Many
investigators seen implicitly to have concluaed £hat stimulation after
Simultaneous biléteral lesions would be ineffective and a waste of effort.
Exceptions'to the iatter'conclusion are the resuits reported briefly by

.'Smith (1959) and the often cited single experiment of Schwartz (1964),

dRSchwa:r"tz made bilatergl posterior cortical. lesions in rats during their

'first'postnatal day. .Lesionéd rats and sham-lesioned controls were then
raised from day 5 until.day 95 in eithér impoverished'or enrichéd environ-
vments. When fhé rats were subsequently tested in thé Hebb-William; maze,
both brain'statué (1lesioned vs. sham) and environment yielded significant
effects; there Qés also a significaﬂt intefaction.in that enriched environ-
ment caused a'gréétet absolute réduction of efrors among‘the.lesioned

‘ than‘égoné the'contrbl réts. .Early enriched experiencevoffset the effects
of the 1e$ion$ so strongly that lesioned rats from the enriched environmeht
made fewer errors.than intact rats from the impoveriéﬁed environment.

We have now obtained results rather similar to the interesting findings

of Schwartz with neonatal lesions_(Will, Rosenzweig, & Bennett, in pre-
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paration ), and.ih thé present‘paper we have extended this research to
take up the following questions: Can enriched experien;e still aid recovery
if the bilateral lesions are inflicted at a léter age than day 1? Must
the gnriched experience be maintained for 90 days, or will a shorter period
suffice? Must thé enriched environment be a&ailable 24 hr/day, or can a
brief daily period ;f environmenth"tﬁerapy" be effective? The two experi-
ments reported:here are part of a series directed to this problgm. In
both eXperi;ents ﬁilatéral occipital qortical lesions were inflicted ét
about 30 days of age. The subsequent period of environmental enrichment
or_impoverisﬁment lésted 60 days, about two-thirds as lohg as in Schwartz's
experimenf. In Experiment II some groups vere placed in the eniiched
environment for only 2'ﬁr/day during fhe 60-day period.

- Based on findings that_stimulant drugs can enhance the cerebral
effects of environment enrichment (Rosenzweig & Bennett, 1972; Bennett,
" Rosenzweig & Wu, 1973) and on use of stimlants to aid recovery from brain
lesions (e.g., Ward & Kennard, 1942; Cole, Sullins & Iseac, 1967), we have
suggested investigating the efficacy of_combiging an enriched environmenf
and a stimlant drug to éromoté'recovery (Bennett et al., 1973, p.‘327).
For this feason the first experiment emploxgd a drug-nondrug treatmént

in combination with environment and brain lesions.

Experiment I
Methods
Sﬁbjécts. Sixty-four male rats of tﬁe Fischer inbred strain were
obtained from Simonsen Laboratories at about 28 days of age; they had been
weaned two or_thfee days before delivery, They were assigned at random
“before operation to 8 treatment groups (drug x operation x enviromment).

Of the 8 assigqédjto each group, the numbers surviving through behavioral
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testing are shown in Figure 3.

- "Surgery. The operatiohs took place two or three days aftéf receipt
of the rats. The animals were anesthetized by.injection of,a'mixturq}of
- chloral hydrate plus pentoba;bital sodium.“ The'skull was exﬁosed and an
opehing aboutn2‘mm diaméter was made'by drilling over the occipital area
of each heﬁi§phere; Cortical tissue was removed by gentle suction.
Histology latér showed that iﬁ all rats some subcortical impairment occurred,
at least uhilaterally. The sham operates were anesthetized and the skin
6pened as for the experimentals, but the skull was left intact. After
the operations, which'were done over a period of 3 days; animals were
placed-ih individual'colony cages. Four days after the last set of
opefations, tﬁe rafs were placed ih the experimenfal environmehts; they
weré about 36 days of age at this point.

Environmental treatments. Half of the animals had been preassigned

| to the standard Berkeley impoverished condition (IC) and half to the
‘enriched condition (EC). In brief, the IC rats lived i# individual cages
(32 x 20 x 20 cm) in a separate isolation room, whereas the EC rats were
.housed in gfouﬁs of about 12 in large cages (70 x 70 x.h6‘cm) furnished
wifh abdut'é stimulﬁs objects. Half the raés in an EC éage were lesioned
and half were éontrols. Each EC group was moved from one EC cage to
anothef daily, @o érovidé a differenf arrangement of stimulus objects.

For a fuller description of the EC and IC environments see Rosenzweig and

Bennett (1969).

Drug treatments. Beginning on the second day that they were in the
differential environments,'the-rats received a daily I.P. injection between

9 a.m. and noon. Half the rats received 2 mg/k of methamphetamine in 1 cc
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physiologipal séline‘per 100 g'body weight;.as the rats became larger,

the amount of saline was redUcedvto 1 cc/EOO g body weight. Half the.
rats received a similar amount of saline but no d#ug._ Among the EC rats,
one cage received methamphetaﬁine and the other cage was given saline
injectiongg.

Behavioral testing. After 60 days in the differential environments,

the rats werg weighed and placed in individual cages with water but without
food. Henceforth their only food was mash available iﬁ the goal box, and
body weight was brought down gradually to 80 percent of the value at the

- start of pretraining. The experimenters who trained and tested the animals
did not know to which group any animal belonged; Following a standardized
procedure, rats were pretréined over 12 days; at the end of this time they
ran_through simple ﬁracticg problems readily, 8 trials/day. They were then
tested on the 12 standard Hebb-Williams problems (Rabinovitch & Rosvold,
1951), one problem per day and 8 trialé/problem. Three apparatuses were used;
in three different-tesﬁ rooms, and almost equal numbers of rats from each
condition were tested in each room. Initiai and repetitive errors were
scored, and running time was recorded. (An initial error is the first

made in a given error zone on a given trial; repetitive errors are further

errors made in the same zone on a given trial.)

Sacrifice and histology. Eight days after the conclusion of behavioral
testing, the raés were sacrificed by decapitation. The brain was removed,
the dorsél surface was photographed, and then the brain was placed in 10

percent formalin. From decapitation to placement in formalin, the elapsed

time was about 4 min., Later the brains were sectioned with a freezing
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microtome. Twa days Before sectioning, the brains were rinsed and ﬁut in

a 30 percent sucrose solution. Sections ﬁerei50 micra thick and were made
perpendicular to the base of the bfain. Every tenth section in the region
of the lesion was mounted on a slide and uéed as a photographic negative to
obtain'enlarged priﬁts of the lesion. Figure 1 shows the extent of the
‘lesions and:aiso indi;ates the total error score for each animal (sum of
errbrs, triais 2-8, summed over all 12 problems). Some subcortical £ism1e
(corpus callosum and hippocambUS) was found to be damaged or removed in all

rats, as Schwartz also reported. Typical examples are shown in Figure 2.

.

- o e e ®m e W e w e =@ o e = e

Results

The maie scores revealed significant effects of both the iésiong and
the environmental conditions, differgnt scores bringing out different
aépects of the perforrance. An overall picture is giveh by Fiéure 3 which
-pfesents total efrors pér rat on trials 2-8 for all 12 problems. This
total error score shows significantly more errors in lesioned than in
sham-operatéd rats (P <.001, based on analysis of Varianée), significantly
more errors in IC than in EC (P <. OOl), and a s1gn1f1cant 1nteractlon
(P <.005) with the effect of env1ronment being larger among lesioned rats
than among theVSham-operates. No effect of drug vs. saline was obtained;
in fact;'tﬁe adjécent drug and saline columns for a givenviesion;environmept
combination show the high reproducibility of the test scores for a given
condition. When the drug-nondrug treatment is ignored,‘thé four'treatment

groups (EC-S, EC-lesion, IC-sham, IC-lesion) all differed significantly from
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each other on tbtal'errors, trials 2-8; all of these differences were
significant beyond the .001 lével except for EC-lesion vs. IC-sham where

" the difference reached only the .05 level.

Examingtion of_the first trial scores, summed for all‘lE problems,
yielded an additional finding. The first trial scores showed a significant
lesion effect (P <.OQi), but the environmental effect was too small to
attain significance. That is, on trial “l, the EC-lesion rats made almost
as many.errors as_thé IC-lesion group, and both lesion groups mede signi-
ficantly more errors thaﬁ the sham-dperated groups. On trials.2—h, the
EC-lesion rats performed alﬁost as well as the sham—operate groups, whereas
the IC-lesion group continued to lag behind.

| ‘ Anélyses of iﬁitial and repetitive errors are shown in Table 1. In
the case of initial errofs, on trial 1 the EC-S group differs significantly
from all the-otheré. On the following trials, all 4 groups differ

significanfly from each other, the largest aifferences occurring 5etween
iC-L ahd the otherigroupsQ In the case of repetitive effors, after trial 1
fhe oniy significant differences are those between IC-Lvandtthe other
groups; aftervtrial 1, EC-L has ceased to differ significantly from the

B}

sham-operated groups.
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Experiment_II“
Methods o
Since the ﬁethods of Experiment IT were in»most respects similar to
thoée of Experimeﬁt‘I,Aonly the differences will be noted here.
Subjects were 60 male rats of the Berkele& S1- strain (descended from
Tryon maze-bright rats). 'The size of the lesions was somewhat smaller than

in Experiment I, as shown in Figure L4, but depths of lesions were similar

in the two ekperiments. All rats buf ohe in Experiment II showed some impair-
ment‘of subcortical matter, at least in one hemiephere. _Since the drug
treatmeni was totelly ineffective in Experiment I, it was not included here.
Two new groups were added to test the'effect of 2-hr daily EC with iesioned
and sham-operated rats. Thus there were 6 groups, as shown in Figure 5;

~the number tested in each group is stated in the figure.

Results
Here, as in Experiment I, total errors per rat on the last 7 trials
of all 12 problems (Figure 5) yielded a significant difference between

lesion and sham (P <.001l) and a éignificant effect of environment (P <.05).

show ‘statistical

- Interaction between'lesion_and environment_failedgp
significance, even though both EC-lesion greups.differed,signifitantly
from ICAL (2-hr EC;L &s. IC-L, P <.001; 24-hr EC-L vs. IC-L, P <.Ol, by
Duncan's maltiple range.tesﬁ); whereas neither EC-S greup differed'signi-

ficantly from IC-3, This was, in fact, the only experimenﬁ not to show an

EC-S vs., IC-S difference among the five experiments in this series (for
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the other three,  see Wili,vRosenzweig & Bennett and Will & Rosenzweig). The
2-hr EC treatment provea to be slightly more effective than 2Lk hr EC in
reducing errors, but the difference between 2- and 24-hr EC was.not significant.
Comparisons betﬁeen_eachvpair of groups for total errors, trials 2-8, are

presented in Table 2.

As we saw in Experiment I, on the first trial of éll problems only'a
lesion effect wasvfound (P<.01); all lesioned groups performed significantly
worse'than all shém-operated groups. After trial l,‘the lesioned EC raté‘
(both 2-hr and 24-hr)improved fapidly, whereas the IC—lesionéd rété improved
bmuch more slowly.

Anélysié of initial and repetitive errors in Experiment II; shown in
Tgble 3, yields findings rather similar to those obtained for Experimentvl
(Table l).‘ It should be noted that ﬁhe inclusion of the 2-hr EC groups here
cqmplicétes Table 3 in comparison to Table 1. The 2-hr EC groups do
not_differ significantly from the corresponding 24-hr groups. The IC-S group
here doeé not differ from'thevEC—S Broups, although it did in Experiment I
and Ié-S also differed from EC-S in two experiments with‘neonatal lesions

reported elsewhere (Will et al;).
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Experiment ITA
Methods | |
A companion eyper ment to II was run 51multaneously in order to
determine effects of the treatments on braln weights and brain RNA/DNA
values. The suﬁjects of Experiment IIA dereIGO male S) rats assigned to
the followiﬁg grouési EC-8, EC-L; IC-5, IC-L. The lesions and environ-
mental tfeafments'were as close_as possible to those of Experiment ITI. At
: tﬁe end of the 60-day period of differential experience, the subjects of
Experiment.IIA were not pretrained and tested; they were.sacrificed for
brain analyses. ‘The brain was dissected inva manner close to that
employedrin other experiments in which we have perfofmed-chemical
analyses (Rbsenzweig, Krech, Bennett & Diamond, 1962). ln,brief, the rat
was decapitated.and the calvarium and then the dura mater were removed.
A small calibrated plastic‘T—square was then placed bn‘the dorsal surface
['of the brain in order to demarcate standard samples of the occ1p1tal and
somesthetic cortex (see Figure 6) ‘The somesthetic samples (s) from both
" hemispheres were circumscribed with a scalnel, peeled from the underlying
vwhite matter, placed on a prewelghed and numbe*ed plece of waxed paper,
weighed on an automatic balance to the‘nearest 0.1 mg, and then placed on
their:paper-on'dry ice. The same procedure was followed for the occipital
sample, except that the occipital sample in the present experiment was
made larger in both the anterior and posderior directioﬁs than in our
other experiments; this was done in order to be sure to 1dclude the area
of the lesion within the occipital section. Figure 6 shows the difference
:

in the occipital section between this experimeggxgnd our previous work (0).
Affer removal ef the S and O'samples, the brain was dissected into the |

following further sections: remaining dorsal cortex; '"ventral cortex,"
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including not only cortex but also the corpus callosum and the ﬁippocampus;
cerebellum and medulla; and the rest of the cerebral hemispheres. The'
resultS'éf'the first four samples were later summed to yield values for
Total Cortex; similarly the lattér two samples were summed to yield a
fraction called’wither Subcortex or Rest of Brain. To consider cortical
weights wighouﬁ ihfluence of the lesioned occipital area, we also summed
- the ‘other three-céftical regions to give Total Cortex minus Oceipital
or TC-0'., The dissection required about 6 min per animél. The weighed
sambles were storéa in a deep-freeze until chemical analyses were made.

Analyses.of'RNA and DNA were made according to procedures developed
recently in oufﬂlaboratories (Morimoto, Ferchmin & Bennett, 1974) and
descfibed briefly here: All operations are carried oﬁt at 0°C. Frozen
sections 6f brain are hbmogenized using a Potter Elvehjeﬁ homogenizer in
cold EDTA'buffer to a concentration of 25 mg per ml.'vIn a 16 x 75 mm
'_culture tube, 4 ml of homégenate afe added to0.2 ml of 3% cetyltrimethyl-
ammonium bromide (CTAB), and the precipiéate is allowed to form;l After
1 hr, the precipitate is collected by centrifugation in avSorval RC-3
centrifugé at 7,000 x g for 15 miﬁ: The supernataht is discarded, andr
the pellet is washed twice with 1 ml Hp0, then once withJO.l N KOAc in
absolute ethyl alcohol. The pellet is centrifuged and dispersed between
each washing;- | ;

RNA fraction., The tissue pellet is dispersed with 500 pl of 1.3N

~perchloric acid.(PCA), and allowed to stand for 15 min at 0°C. After
centrifugation at 7,000 x g for 15 min, the supernatant is recovered, and
the acid-insoluble fraction is washed 2x with 500 pl of 0.2 N PCA. The
three supernatants are pooled, and the volume adjusted to 5 ml (0.1 N PCA).

"RNA is assayed by absorbance at 260 nm. The RNA content is calculated
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in the assumption that an absorbance of 1.00 at 260 nm is equivalent to
32 ug RNA/ml.

DNA fractioh, The acid-insoluble fraction is drained and blotted

dry."dne ml of 1 N'PCA is added, and the pellet is thoroughly dispersed.
The DNA is heated.for 20 min at 70°C, cooled, and spun at 7,000°x g for
15 min. The DNA isvdetermined by absorbance at 266 nmvend calf thymus is
used as a standard; an absorbance of 1.00 at 266 nm is equivalent to

45 ug DNA/ml. Results for both RNA and DNA are expressed mg/gm wet

tissue weight.

Results

Environmental effects

Brain weights and RNA/DNA values for the sham operates (Table L)

showed effects of environment similar to those that we have observed in
_ - - - Table L about here - - -

other EC-IC experiments (Bennett, 1975). That is, EC-8 exceeded . IC-S in
; weights of all cortical sectioﬁs, especially occipital cortex (7.4 percent,
p < .01), while the subcortex or Rest of Brain showed no effects. The
ratio of weight of total cortex to weight of the rest of the brain (TC/Rest)
usually provides especially reliable and significant EC-IC differences, and
this was observed‘in,the present experimeﬁtg whetheriorvnot the lesion
sample was included in totel cortex. ‘With regard to the RNA/DNA ratio, the
sham operates showed somewhat smaller effects than we usually observe:
For example, in the present experiment, the EC-IC d*fference in occ*pltal
cortex’'was 4.9 percent (p < .0l), whereas in’ two recent ‘60-day EC-IC experl—'
ments we obtained differences of 12.l_percent and 9.8 percent (2 < .001 for
eech)r It should be noted that in occipital cortex the RNA/DNA values were

not markedly'more variable among the lesioned rats than among the sham

operates.
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Whereas fér brain weights the environmental effects were clearly
smaller among the lesioned rats (EC-L vs. IC-L) than among the sham operates
(EC-S vs. IC-S); the RNA/DNA effects were somewhét larger among the lgsioned
than among the sham‘opergtes, although there was not significant intefaction.
Thus, for example, the lesioned rats did not show significant EC-IC differ-
ences in aﬁ& of;fhe cortical weights,-although they did show a significant
effect in the.cortical/subcortical weight ratio. On thé other hand, for
RNA/DNA thé EC-lésioned rats showed significantly‘greater‘values tﬁan
IC-lesioned in océibitél cortex, somesthetic cortex, total cortex, and.in

the cortical/subcortical ratio.

Lesion effects

'Turning‘to effects of lesions in the right half of Table u; we see
obvious effects on:the weight of the occipital area from which tissué was
';emo?ed,‘aﬁd it should be noted that the reduction of ﬁissue‘was virtually

equal for the EC and IC groups (31 éﬁd 261mg respectively). There was
.also a significént secondar& efféct‘of‘the lesiohs on the ;eméining dorsal
cortex where wéigﬁt fell by about 6 perceﬁf.among bofh EC and IC rats

(p <'.Ql). The RNA/DNA ratio was reduced in the lesioned rats in ail parts
of the dorsai Qoiféx (occipital, somesthetic,vaﬂd remaining), but these
changes were small aﬁd for the most>part, nonsignificant; In striking
coﬁtrast, the venfral cortex showed significantly greater RNA/DNA in the
lesioned thaﬁ in the intact rats. This unexpec£ed effect (environmental
enrichment usually has no effect on ﬁNA/DNA of ventral cortex) may be an
indication of ¢ompen$ation for the lesion. This increase of RNA/DNA as a
consequence of lesioning.was greater in the EC;L than ih the IC;L rafs,
'and this also led tq gieater effects in total cortex and iﬁ the cortical/

subcortical ratio . ‘amone EC-I as compared with EC-S.
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DISCUSSION

Lack of effect of methamphetamine

From our finding that methamphetamine augments the effects of an enriched
environment on brain measures in rats (Rosenzweig & Bennett, 1972; Bennett
Rosenzweig & Wu 1973)'we had suggested that a cembination,of excitant drug and

enriched condition (EC)-migﬁt be especially favorable for recovery from brain
lesions. Cole et al. (1967) had also reported that d-amphetamine
overcame the effects of 1mpoverlshed experience on retentlon performance of an
avoidance response. , - ”

In fact, no effect of giving methamphetamine daily during-60 days was found

on the Hebb Williaﬁsgscores; this was true both for EC and IC and for both
lesioned and sham-operated rats (see Figﬁre 3). Let us describe briefly our
attempts to accbuﬁt for the lack of effect, since this will lead to a somewhat

different hypothesis to be tested in further research. - That fact that no group
showed an effect helps to eliminate certain possible explanations. For example,
there are reports that excitant drugs may interact with brain lesions: Glick and

Zlmmerberg (1972) reported hyposensitivity of frontally -lesioned mlce to .

d-amphetamine, but. several investigators have reported thersen51t1v1tj of

frontally-lesioned rats to d-amphetamine (Glick, 1970;Adler,1961, Iynch et al.,

1969) But since our sham-operaﬂed rats also did not show an effect of meth-

amphetamlne, there is less reason for concern that our le31oned rats may have shown
hyposen51t1v1ty or hypersen51t1v1ty to the. drug. During the course

of the 60 days of 1n3ectlon, the drug was observed to increase dct1v1tj of the

EC group‘ Regular observatlons of act1v1tj were made in both the EC-drug and
EC-saline groups every\8 days; activity was recorded every 10 min for the 3 hr

following injection, The effcct of the 4rug did not diminish during the 60-dsy
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period of injection; the measures of activity showed as 1arge differences
between EC-drug and EC-séline'during the last weeks as during the initial weeks.

The most probable reason for .lack of drug effect in this experimenﬁ is
that the drug was administered only once a daj‘althouvh the rats remalned in
EC 24 hr/day, and the greater act1v1ty observed in the EC-drug rats follow1ng
;injection was compensated for by their reduced activiity, compared w1th the
EC-saline group, during the night. When this possibility occurred to us,.after

' ’ every 15 min
the completion of the experiment, we tested it by observing male S; rat%AFhrough
two consecutivé 2h-nr cycles. These rats had been placed in groups df 12 in
EC cages 6 days before the observatlons, and they had been 1nJected w1th meth-‘
amphetamlne or saline at 8 a. m. each day for U4 days before the observatlons
Both days yielded similar data. The combined results, presented in Figure 7,
show clearly that although the methamphetamine group was more acti&e during the
several hours Pollow1ng 1n3ect10n, around midnight the saline-injected group
became the more active. Total act1v1ty over the complete 2h-hr cycle was
scarcely greater for the EC-drug than for the EC-saline group.
- - -Figure 7 about here- - -

In our prev1ous experiments in which rats were placed in EC for only
2 hr/day,'methamphetamine did induce larger brain effects of EC-methamphetamine
fhan were found in tﬁedEC-saline,groupf In that case, however, the diminished
nighttime activity of,the-é-hr ECedrug group occurred in the indi&idual éages
(1) wﬁere there was little to be gained from the environment.‘ It is only
activity in direct éontact with the enriched environment fhat produces the EC
éffects,_as was found. by ferchmin, Bennett and Rosenzweig (1975). It would now -
appear worthwhile-fo'conduct an experiment on recovery from brain lesions in
which 2-hr daily EC was coupled ﬁith injections of either methamphetémine or
saline. This would éxamine whether environmental "therapy" that was.available

_er only a limited dailydperibd could be rendered more effectiVe‘if the
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_"patients" were made more active and alert during the theraﬁy periods.
Similarities and differences between.our results and those of Schwartz_

Since the basic désign of our exﬁeriments is similar to that of Schwartz,
it.is worth examiniﬁg similarities and aifferences in results of the two studies.
Like Schwartz,vwé fdund significént effects of both iesions and environments on
the Hebb-Williams scores, and also a siénificant interac¢tion in that the effects
‘of envifonmént wére significantiy larger among the lesioned £han améng*the'
sham-operated subjects. In Schwértzfs experiment, the effect of environmeﬂt was
actually larger than the effect'of brain lesions--his EC-lesioned group made
fewer errors than his IC-sham group. In our éase, the compensatory effect of
venriched_experience wés less complete; the EC-iesioned groups did not perform.
as well as the'IC-sham gréups; The relative pérformanées varied écéording to
the behavioral meaéure eﬁployed. lTrial 1 errors‘showéd little effect of environ-
'mept,’whereaé on trials'2;8 the EC-lesioned raﬁs approached closér to the scores
of'the sham:operated groups. When running times of Experiment'I'were analyzed,
the EC-lesion group sﬁoWed slightly (but ﬁot significantly) better perfermance
than‘the IC-sham group. .(Mean rﬁnning times summed for the last 7 trials on ail
12 problemsvwefe-as follows: EC—sham,.389;6 sec; EC-lesion, 599.5; IC-sham; 606.9,
end IC-lesion, 986.2.) In Experiment II, however, the EC-lesion groups showed
somewhat greater séoreg fhan the'IC-sham rats (2-hr EC-sham,.376.8; 2h-hr EC-shem,
h31.:o; IC-S, h3‘9._'5; 2h-hr EC-lesion, 512.3; 2-hr EC-lesion, 574.1; IC-lesion, 936.2).

A .number Qf possiblé reasons might bé suggeéted fér thevlesser effectiveness
of environmenﬁ.in our experiments than in that of Schwartz. VHere aré ﬁhree sﬁch
possibilities:'(a) It is possible that greater recovery can oceur after_neonatal

lesions (as in his experiment) than after lesions inflicted on already weaned rats.
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We did not find.pafticularly'impressive recovery after neonatal lesions, but our
experiﬁental design iﬁvol&ing_neonatal lesions differed in certain other respects
~from Schwartz's experiment, as we discu#s eléewhere (Will, Rosenzweig &'Benhett,
‘Note 1). (b) The greater length of the EC-IC period employed by
Schwartz may also have increased the méghitﬁde of the épvironmental effects.
With regard to cerebral effects of “EC-IC, we have found somé to reéch full size
. within 30 dayé (é:g.;>cOrtical weight) wbéreas others.reqﬁire more time(e.g., ChE
activity). The cerebral‘correiateS‘of maze learning and of its recovery remain
to be detefﬁined, as does the influence of duration of differential experience
on the recovery. (¢>’ The particuiar fofms of enriched experience given by
Schwartz may have been more effective than those that we used. We are inglined
to doubt this hypothesis bééause, in ouf laboratory, it has taken majbr modifica-
tions‘iﬁ the EC situation to modify.significantly tﬁe cerebral effects_(RosenZweig &
Bennett, in press); perhaps, however, tﬁe behavioral effects of different kinds
of EC can be differentiated more readily.

Ruﬁningbcounter to all three possibilities in the.préceding paragraph is
the fact that we did‘fina environmental effeéts to be stronger than lesion effects

in an experiment in which rats sustained cortical lesions at about 120 days of

: . , : Note 2
age and then spent 60 days in either our EC or IC environments (Will & RoSenzweig,>).

That is, a greater environmental effect on recovery was found with adult than with
young rats, a shorter recovery period than that of Schwartz was effective, and our

EC environment led to substantial improvement of performance.

g
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 Alternative explanations for differences in performance among'the groups

Motivafion. To consider the possiﬁiiity that moﬁivaﬁion for food may have
differed among groups and ﬁay accouﬁt for part of the differences in behavioral
scores, we‘méasured the amount of mash consumed in. the goél bdg for all rgts in
Experiment II. Soulairac (1952) reported that cortiéal leSiéns in rats cause
significant differences in conéﬁmption of standard laboratory food, glucose, and
vater. We found no, significant differences in consumption of mash among our
groups, so thatidifferenées in food motivation are unlikely té have -caused the
observed_differenCes in naze performance,

Exploratory tendency. Since differences in tendency to explore could have

affected error scores in the maze; we tabuléted‘each instance of exploration
during testing. Trial 1 was not counted, since exploration is expected then.
Relatively few cases of explbration weré observed; thé meaﬁvinvExpefiment 1T
was only 3.0 instances per rat over the 7 lasf trialsiof all 12 prob;ems (thus,
3ﬁdccurrences out of 8k opportunities),l‘Probably.the tendency to éxplofe in
the apparatus had been habituated during fhe extensive pretraining. The largest . '
meaﬁfpér animal was found in the IC-S group (L.4) and.the smallest was in the
24-hr EC-L group (1.9). An analysis of variance revealed no significance
relafed fo braiﬁ status, environmental treatment or their interaction. Both
the 1ackvbf significanée and the low amount of‘exﬁloration‘indicate thét this

factor cannot acqount‘for the differences in maze performancé found among the

groups.
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Does environmental stimlation aid recovery?

Are the effgcts of‘environment gnd of lesions indepéndent.and additive,.or
does it appear-thaﬁ'enriéhed environment helps to compensate forveffects of |
lesions? The effects of lesions on learning or problem-sqlving behavior have
been showvn in some studies; the effects of differential expérience on such
behaviors have been demonstrated_in other studies. When both lesions and post-
iesion experience ;ré c6mbined in the same'experiment, are the effects of these
two treatments simply additive or is there a significant iﬁter;ction? Schwaftz
(1965) found a significant interaction (P <.05); the differential environments

e ; _ 3.
had a greater effect on his lesioned than on his control rats. In the first of
the present experiments, we found a highly significant interaction (P <.005)
between effects of lesion and of environment; here toc the-difference between

environments had a considerably larger effect among the lesioned rats than among

the sham-operates. In Experiment II, there was also a highly significant effect

of environment among the lesioned rats but only a small and nonsignificant effect

among the Shém-operates,v (Environmental treatment did not show a statistically
significant interaction with iesions in'thié case beczuse two of the three
treatments were EC--2-hr and 2i-hr EC-- and both showed similar differences
between.the sham-operated and lesioned conditions, whereas IC showed a much
larger increase of errors with lesioning. When the error scores were "purified"
by removing,errb%s made during obvious‘exploration, then interactioﬁ was_fbund :
between the ﬁhree-eﬁfironmental treatments and.lesions at beyond the 0.10 level
6f confidencé}) It thus appears that in these experiments the effects of post-
lesions environment and of lesions are not simply additive; environment has a
greater effect on ﬁhé lesioﬁed than én the normel rats. Our confidence in the
generality'of this conclusion is tempered by the fact that our othef experiments
in this sériés.have"noﬁ shown clear-evidence of interactiam.

v
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Granted that tﬂé effects of environment are generally, if not uniformly,
Stronger among lesioned thaﬁ émong normal rats, we may consider briefly possible
" - mechanisms. One possibility is that stimilation may aid functional recovery of
direct of the brain
damaged tissue. Evidence for the beneficial effect ongtimulatiochomes from
quite a different situation: Horrell, Raubeson and Balagura (1974) found that
after lesions of the‘laterai hypothalamus, one hour per day of weak electrical
;fimulation_of thi; region shorfened the time fequired for recovery of feeding
from 5.8 days for nonstimulated rats to only 2.1 days. A hypothesis to be
‘examined in,further ;esearch is that enriched experience, as well as being of
benefit for ébgnitive devélopment and for brain development among intact

individuals, also aids functional recovery after demage to the brain.
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Mean‘Inifial and Repetitive Errors per Triai,

 Surmmed for the 12 Problems; Levels of Significance

~of Differences between Groups are Shown, Experiment I

Initiel Errors

A. Trial 1
Group EC-§' IC-S  EC-L  IC-L
Mean  25.4 29.9 3&;1 33.3.
S.D. 4.0 4.6 4.5 4.3
EC-s -  .05° L0010  .001
1C-S - .05 NS
EC-L ' - NS
B. Trials 2-
Mean  14.2  18.3  23.7  30.7
s.D. 2.4 k.o 4.3 6.8
EC-S - .05 .001 .00l
IC-S - - .05 .00l
. EC-L | - .01
C. Trials 5-8_
Mean 7,5 - 12.3 16.5 28.6
S.D. 3.1 4.6 5.3 5.2
‘BEC-S - .05 ,001 .00l
IC-S o - .05 .001
EC-L ' - .001
& 05 = P <.05; .0l = P <.01;

Repetitive Errors

EC-L

27

EC-§  -IC-S IC-L
3.5 4.9 13.7 18.2
2.5 3.8 7.7 11.2

- Ns® .01 .00l
- .01 .001

- NS
1.3 3.6 3.7  10.3
1.1 2.k 1.8 5.7
- NS NS .00
_ NS .001
- .001

0.h 1.3 1.6

ok 0.8 21 25
- NS NS .001 -
- NS .001

.001 = P <,001; NS = nonsignificant.

5.2 |

. .00l
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.05 = P <.05; .0l = P <,01; .00l = P <.001.

28
Table 2
Mean Total Errors on Trials 2-8, Summed for the
12 Problems; Levels of Significance of Differences
between Groups in Experiment II

Group: ' 24h EC-S eh'Ec-s - fc-§  2Wh EC-L  Zh EC-L  IC-L
Mean 65.7 50.5  68.2  128.7 k.6 204.6
' S.D. 19.0 19.0 21.3 53.5 63.6 113.7
2n EC-S - ns® NS .05 .05 .001
Zh EC-S s - ‘N .ol .05 .001
IC-S o - 05 .05 .001
2lh BC-L , - ¥ o1
%h EC-L . - 001 .
a



Table 3
" Mean Initial and,Repetitive Errors per;Trial,.Summed for the 12 Problems;

Levels of Significance of Differences between Groups are Shown, Experiment II

Initial Errors . . .Repefritive Errors

A, Trial 1 - o _ ‘ : o

Group 24h EC-S 2h EC-S IC-S 24h EC-L 2h EC-L IC-L oln BC-S Zh EC-S IC-S 24h BO-L 2Zh EC-L IC-L
Mean 20.7 22,6 22,3 26,7 . 247 27k 2.2 b6 64 - T 7.5 ‘9;0.
s.D. 3.5 5.8 61 5.7 . 66 9.1 1.5 ko ko 8.1 hh 6.9
oln EC-S - Ns® NS 05 NS . .05 - ms .10 .05 o5 .o
2h EC-S - N NS NS . .10 | - W m NS .05
Ic-s | - m NS .10 | - NS NS  Ns
“24h-EC-L - - - NS NS - - 3 NS

| | S

2h EC-L . _ - NS

B, Trials 2-k4 |

Mean 12,0 11.0 11.5 18.4 16,4 23.6 14 1.0 1.6 3.8 b4 12,0
sp 31 29 29 hg 4.3 7.5 0.9 0.8 1.4 3.9 3.1 10.7
2ln EC-8 - NS NS 001 .05  .001 - NS NS NS NS .00l
2h EC-S | . - IS .001 .01 .001 - NS NS | . NS .001
-8 - : - 001 . .01 .001 - - NS NS .001
oln EC-L _— | - NS .0l - NS .001

2n EC-L o - .001 ' : . , - .001

-
£

g
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c.

Trials 5-8

Mean' 5.7
_«S.D;, 2.1

24h EC-8 -

2h EC-S

IC-S

24h EC-L

2h EC-L

a

.10 = p < .10; .05

5.3 6.4 12,5

3.00 2.6 5,2

NS NS .01
- NS .05
- 005

Table 3 (continued)

11.5 18.6 0.5

0. 9.5 0.7
.05 .001 '_ -
.05 . .00l |
.05 .00l

NS .05
- o1

=p < .05; .01 =p< .0l; .00l = p< .00l; NS

0.h4 0.7

0.6  0.5.
NS NS
- NS

= nonsignificant

2.9
3.1

1 . lo

.10

NS

[

1.7
2.1

NS

NS

NS

NS

5.6
6.5

.001

..001

001

‘Ol

.05

0¢



A. Weight (mg)

Cortex
Occip. (0')®
Somesthetic
Rem.dorsal

© Ventral

' Total (TC) :
Total~0ccipf

Rest of Brain

TC/Rest

(TC-0')/Rest

Table 4

Effects of Lesion and Environment on Brain Weights and

Brain RNA/DNA, Experiment II A (N=15 per group)

EC-S IC-S
102.8 - 95.8
58.0 56.7
251.6 245.6
276;2 262.3
688.7  660.k
585.8 564.6
924.1 937.0
.T45 .705
634

.603

- EC-L

7.8
56.7

236.9

271.2
636.7

~ 56h.9

926.0
[ ] 688

.610

IC-L

'69.8

55.5
229.3
263.9

| 618.5

5&8.7

929.3
666
591

~ Percentage Differences

Effect of
Environment

EC-8 EC-L
vs. vs.

. IC-8 IC-L

T L 2.9

2.2 2.2

2.4 3.3
5.,3%% 2.8 :_ 

h.3eex 2.0%

3.8%% 2.9
-1k -0.h4

5, THRHEHR 3, %%k
5, 1 ¥%%* 3.0%%%

. Effect of.

" Lesion

‘EC-L
vVs.
EC-S

-30,2%%*%
-2.1 |
;5.8***
-1.8
;7;6****
_3,6**

0.2
;7,7****

-3, B¥*%x%

IC-L
vs.
IC-S

SO L HRRR

-2.0

-6, 6%%% '

0.6

P S

-2.8
- -0.8

~“5-5HH'

-2.0%

te



B. RNA/DNA
Cortex

Ocecip.(0")

~ . Somesthetic

Rem: dorsal
Ventral

Total (TC)

Total-Cceip.

Rest of Brain

TC/Rest

(TC-0')/Rest

1.606

1.639

1.730
1.548
1.628

1,633

597
2.727

2.735

1.531

1.601
1.697
1.557
1.606
1.621

.60k
2.659

_2.685

~ Table 4 (continued)

1.572

1.625 .

1.753
1.632

1.666

1.681
.600
2.777

2.802

Enlarged occipital sample; see Figure 6. _

% p< .10, ¥*¥ p< ,05, *¥** p < O, ¥*¥*¥ p < 001

1.483

1.568

1.722
1.617
1.630
1.654

.608

2,683

2,722

by gk
2.y

2,0%

-0.6

1.k

0.7

2.5**

1.9

6. 0%*%
72.6****A
1.8%
0.9
2.2%%
1.6%
-1.2.

3, 5R%%

2,9%%

-2.2

- -0.8

1.3

5., Jxokens

2.3**

2,9%%%

0.5
1.8%

2, Lxx

_. 3
-2,

.l*

QX¥*

LORRR

JOX*

(43
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FIGURE CAPTIONS 33
Figure 1. Extent of lesions in Experiment I, shown on outlines of the dorsal
views of the brains, Lesions were reconstructed from frozen

|

sections. The locations and extents of lesions were similar for the four

groups: EC-Drug (ED-D), EC-saline control (EC-C), IC-D, and IC-C.

H

%igure 2. Coronal secticns, illustrating various forms of lesions observed.
A. Bilaterél cortical lesions that left the corpus callosum and hippocampus
unimpaired and undistorted. B. Hippocampus as well as cortex lesioned on
right side; hippocampus is distorted and partially fills in the gortical
gap on fhe.left side. C. Hippocampus is largely,destroyéd on right side;
distorted hippocampus fills in corﬁical gap on left., D. Intact but distorted
hippbcampi'fill in sites-of cortical lesions in both hemispheres. The

width of éach block represents 15 mm,

"Figure 3. Total errors per rat on trials 2-8, summed over all 12 problems of

the Hebb-Williams maie; the vertical lines indicate = 1 S.D.

Figuare L, Extent of lesions‘in Experiment ii, shown on outlines of the dorsal
views of the brains. Lesions were reconstructed from frozén sections. The
locations and extents of the lesions were similar for the three iéSioned
groups--Qh—hr-EC-shown in the top two rows,'2-5r'daily EC shown in the -

center two rows, and IC in the bottan two TOWS.

Figure 5. Total errcrs per rat on triasls 2-8, summéd over all 12 problems of

the Hebb-Williams maze, Experiment II. The vertical lines indicate ha 1 S.D.

m

Figure 6. Diagram of dorsal view of the rat brain with small plastic T-square
employed to demarcate standard samples of cortical tissue. The occipital

’sample in the pre§ént experiment (0') extended further both anteriorly

and posteriorly than the sample we typically remove (0).
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Figure 7. Effect of a single dose of drué (methamphetanﬁﬁé) on the diufnal
cycle éf activify. The drug was injected just before 8 o'clock. Each
point represents éétivity averaged over thé two hours succeeding the tine

" indicated.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, 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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