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Abstract
iTo study effécté-of differentiél experiencévdn recovery'froﬁ_brain.
lesiqns_énd Qh gidssvaﬁatbmy of the brain, we ran twbléxperiments'ﬁith
rats of fhe Bérkeley S1 straiﬁ. »On the day of birth, some animals
received lesidns'dirécted to the occipitél cortex,>bﬁt-in mény cases
subco:tical damaée also resultéd§ othef animals were sham-opéfated; In.
Experiment I,fhéif the rats lived in restricted environments and half in
eﬁriéhed'envifqnments‘frbm day 5 or 6 until about déy 65; in Experiment
: _ - : . 2
IT the differehtial environments were begun on day,QS and lasted uhtil
day 65. Thevréts ﬁére then pretrained and_tested 6ﬁ.£he standard 12
Hebb-Williams proﬁlems.‘ Both expefimentsiyielded éignificant‘effecﬁs
'Qf brain stat@s_(lesibnéd‘vs. iﬁtacé§ éhd'of environmeﬁf (impoverished
vs..enrichéd); The effects of envirbnment attéined'higher-leveis of
significance in Experirzent IT where the lesions were smaller than iﬂ
Experiment,I, 'Conéideraﬁle generality waé demonstratéd}fdrbthe effeéts_
of environmeﬁf Qn;behavioral recovery-since it wasvobﬁainéd with bqth:
éexes, with largé lesions in Experiment I_and‘with'felétivély sﬁallt
lesions in Expéf'imént 1, ”wi{':h both Iimmediat'e_ and delayed '-e"nvironr.ne.n.tal
.theraby, andvﬁithxéhorter périods of enriched experience than had beenf
employed previoﬁsiy. The length and'width df the‘berébral hémisphérés
were éiss found-fo:be affected significénfly bbth'b&»leSioﬁs and.by'

environmental treatment.
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Effects of Differential Environments on Recovery from Neonatal

Brain Lesions, Measured by Problem-Solving Scores end Brain Dimensions

Complex envifonments have been.reported to aid oehavioral recovery
‘from neonatal brain lesions (Schwartz, l96h), neonatal'malnutrition
(Wells, Geist & Zlmmerman, 1972 Tanabe, 1972), and nconatal thyr01d
-deficiency (Davenpor -, in press). Exciting as these reports are, it must
be acknowledged.that such beneficial effeots of enriched experience have
nof been foundvuniversaily“(e.g., Bland & Cooper, 1969§‘Cornwell & Over-
man, Note i) nor has their interpretation gone unchallenged (e.g.,
Isaacson,'l975;iLevine, in pfess). "Because of the ﬁotential imnortance
‘of such experiments for understanding processes of recovery of funcﬁion
and as a possible'model for research on therapy with‘numan patients, we
:undertook to.replicate and to extend the often cited‘experimenf.of |
Sohwartz. Scnwaftz nade bilaterel posﬁerior.corticalileSions by‘suction
in day-old ratvpupe He then raised the leeioned rats and sham—operated
controls from day 5 to day 95 in either 1mnoverlshed or enriched env1ron—
ments. When he then tested the rats in the Hebb- Wlllzams maze (beglnnlnb
at 135 days of age), he found '’ 51gn1f1Cant effects of both brain lesions
end env1ronrent, as well as a 51gn1f1cant 1nteract*on +erm. He reported
that early enrlchment overcame the effects of neonatal lesions so
completely that lesioned-enriched environment rats performed better than
did.shaméoperated_rats from the restricted environment, ]

In the two experiments reported here, we made‘lesioné on-day.l as

did Schwartz, but we decreased the duration of the differential environ-
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mental treatment.  In the first experiment, the'durétiqn.was 66 days,
and in.the'sepondfexperiment we not onlj décréased the'dﬁratioh to
hb aays but we also delayed the start of the differéntialjtreatmentvuntil

| 25 days after‘thé operations.

' .' ‘ - EXPERIMENT I
Methods :
The methods_féllowed, in the main, fhose of Schwértz (1964),
although the strain ofgrats énd;thé duration of différénfial.experience
~differed from ﬁhdséhof Schwartz. Certain other differéncés between our
‘procedures and.tﬁose>of Schwartz will be notéd belowT]flv
.Subjécts |
.The“Ssrweré HQ'malé rats from the Berkeley S) strain, vora within'

a raﬁge of 6 da&s; Offthe l36loriginal Ss, Th ﬁeré'lost because of
vpostoperative infection or maternal_céhnibélisﬁ and oﬁe because of ill-
, neés during testing. Before surgery all male pups wéfe'given-to foster
mothers; each fostér,mother received four pups who caﬁe:from fourldiffer;
ent litters; two pups were designated to receive corticél lesiohsvand two-
to.receive sham:oPefations. Ss were'assigned ét random to.four gréupsﬁ
Impoveriéhed.COnaition4lesioned (ICfL),.impoverished coﬁditioﬁ-sham-»
operatioﬁ'(IC;S)3ienriched condition-lesioned (EC-L), and enricheaj
conditioh;sﬁam’operation (EC-8). Sixty-three,déys~after the‘last opéra;_
tion there remained 21 IC-S, 9 IC-L, 23 EC-S, and 9 EC-L rats. Nine
IC-S and IQ EC—S rats,were removed at random in order ﬁb‘leave apbfoxi-
mately equal gréUps for tfaining and testing; one EC%L rét died. during

testing.
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'Surgery
Surgery was_ﬁéfformed on the day of birth. Ice was used to induce
hypéthermic anesthesia. Four min after being placedxon‘the ice, Srbecame
immobile and readyvfor_surgery. The hypothermia also cgused peripheral
vasoconstrictioh, thus reducing bleeding during surge?&; A midline
incision was madevin the skin over the skull. In the:césévof the sham;.w
operated pups ﬁhé ékull.was left intéct (whefeas Schwartz.invaaed ﬁhe
skull of sham aé well as of experimental pups); the SRin was then sutﬁfgd
and the animal was:placed gnder a lamp to warm up;'.In the baselof the
experimental pups, avno. 25 hypodermic needle was uéeq to cut a bone
flap over the posterior cortex of each hemisphere. Gehtie suction was
used‘tﬁ-remove cértical méterial from.each hemisphere; the pibette was
a no..l9’needleiwith the sharp tip g?ound away. The bqﬁe flap waé then
_replacéd, the.skin.sutured,vand the pup was rewarmed. Lesioned rats had
.the'small toevof the left foot removed foi.iater identification; sham-
opérated.raté had:the small toe of the right foot remo&éd. A:small
amount of'quinine:ﬁixed in Zephiran solutioﬁ was applied to the region
around the incision; the quinine was meant ?o discouragé_cannibaliém.

Differential Environments

Imﬁbverished environment. Postoperatively each "litter" of this

group resided with a foster mother in a standard colony cage; these
cages Wére in the‘Same_room as the large EC cages.’ When the pups were
22-23 days old, they were placed in individual cages in a separate

[ .

isolation room, and they remained in this condition for_about.ho days.
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_ Enriched Condition. Postoperatively each "litterﬁ of this group

resided with ﬁheif=fdéterrmothgr for 5 or 6 days in_a-éﬁandard colony
éage. Then th;ée litters‘and mothers were placed togethér in each of
5 standard EC éages (7le 70 k 46 cm); about six objectsszqm our pool
of stimulus objecfs.we£e §laced in the cages daily? but;care vas taken
not tovdisturg the animals. The females cared'foi'pups fegard1esé of -
litter membership.g This occurs éven.if mnothers afe bléced together in
a cége ﬁifh‘theirvown pﬁps. Since cross-fostering was bound to occur in
EC, and Sinée we ha&e'found that cross-fostéring affgcts“certainvbraih
measures (wily, Ropartz, Mack, Kempf, & Mandel, 197§i; we made sure to
cross-fosterbthe Ic rats:as well; When fhe pupsvwere'22%23 days of age,
the foster mbthers‘ﬁérévremovea. Some pups wére'regrouped'so that there
.v'were‘four}EC éageé, eéch containing 12-13 pﬁps. Food and.water vere

. aVailaﬁle o both ECiand iC-rats ad libitum until thé’start of pre-
‘training.. | | |

. Pretraining and Testing

.On day.65 or 66 of age, IC and EC rats were weigﬁea, recagédvaﬁd-
Iplaced in adjoining'individual cages cn éage racks. Water but no food
. was avéilable inleach cage. The cages were ﬁﬁmbered bﬁﬁ there was no
indication ts the testers of‘the chditioq'from which the rats had_céﬁe.
Hencefo;tﬁ_thei; only food was mash available in the goal box, and tody
'weight Gas brodghf déwn gradualiy té 80 perCent‘of the:Vaiue'ét the
start of pretraining. Foilowiﬁg a standardizéd_prdéédu?e, réfs‘wege

pretrained over 12.days;'at the eﬁd‘of this time they,ran through simple

practice probléms readily, 8 trials per day. They were. then tested on-
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the 12 standard Hebb-Williams problems (Rabinovitch & Rosvold, 1951),
one problemrper day ano 8 trials per problem.’ Three.apparatuses were
used, in three different test rooms, and almost equal nﬁmbers of fats
from'each condition were tested in each room. Initiai end repetitive
errofe were scofeo; and running time was recorded. (Aﬁ_initial error
is the fifst made inva given error zone on a given trial; repetitive
errors_are furfherverrors made in the same zone on a given tfial.) We
noted the occas1ona1 trials in which a rat that was alreada performing
well on a problem suddenly slowed down  and started to explore, this wa;

evident in terms of a slow gait and sniffing the floor or walls.

Sacrifice and Histology

‘Five daye.effef the end of testing, the rats were killed'by decapi-
tation..'The braio was removed, the dorsal surface was photographed:
alonngith'a'millimetervscale, and then the brain'was placed in 10
percentbformalio,i From decapitation to placement in‘fofmalin, the
_-eiapsed time ﬁés about h'min. Latef thevbraiﬁs were eeetioned with a
freezing microeome. Two daye before sectioning, the brains vere rinsed
and put in a,30‘percent sucrose solution. Sections Were'SO micra thick
and'were made perpendicular to the bese'of tﬁe brain. - Every tenth | )
section in ﬁhe_region'of the lesion was mounted on a slide and usedeaso
a photographie>hegétive to obtain enlarged prints ofethetlesion{

Measﬁremeots of the length and width of the cerebral hemispheres
were made from photographs of the dorsal surface whlcb had been enlarged

5 tlmes. The 1en0th of a hemisphere was taken as the dlstance between

the projections of ‘the anterior pole and the posterior'pole cn the midline.
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The width-was taken as the greatest extent pefpendicular:to the midline,
The two hemisphgres were_méasuféd independently,gand:measures were:made
- to the nearest O.SYmm on the énlargements. Thevmgasureé were made on
photographs codéd»by rat numﬁér and the reader did not know the environ- -
ﬁental conditioﬁvin which>any animal had been raised,valﬁﬁdugh the
presence of_lesiéﬂéAwas of course;qbvious. For most_égimals, the.
méasures'of the fwo hemisphéreé were averaged. In some.cases the extent
of éviesioﬁ preclﬁaea neasurement of one hemisphere;‘and for such. animals
Ameasures of the better hemisphere were used iﬁstead 6f the'mean. To
correct for sméii1differences in»photography and enlargement, all values
were normalizedjby thé'individual'scale measures. Reliabilitj of fhese
measuiements'was:high; two sets of measuréﬁents of hemiéphérié' length
made independehtly by different individuals were fouﬁdvto cdrrelate |

0.989 with each other.

Resultsv

Brain Lesions

Figure 1 shows fhe extent of the lesions on the dofsal surface,
and itfalso indiéates fhe total error score for each aﬁimal.(sum of °
errors, trials 2;8, summed over all 12 problems). Typiéal examples.of f
tiansveise sectibns through the lesioné are shown in Figuré 2. vThe

Insert Figures 1 and 2 about here

lesions were found to be considerably larger than desired, and some
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~ subcortical tissﬁe.(corpus callosum and hippocampus) ﬁas damaged or

removed in all retsg as Schwarﬁz also reported of his:experiment. In a

numbervof.cases the:hippocamnus spread up into the cortical cavity, as

Bland and Cooper (1969) reported.

Inflictlng relatlvely large lesions on day 1 had the further effect
of reducing subseouent growth of the cerebral hemlspneres Measurement
,Of the cerebral hemlspheres revenled large and highly significant
reductions in both_length and width when operated raﬁs'Were c0mpared
with controls (5 < Odl); see Table 1. The cmaller size of the hepi-
spheresnflthe lesioned rats allowed the superior colllcu11 to be seen
in the dorszl v1ews of‘thelr brains, as is apparent in Flgure 1. The
effect of_le31ons;on cerebral dimensions did not result from dlfferences
:Z io bodj weights.because the groups showed only small_end'nonoignificant
differences in”body weights at the_start of.pretrainiog.. Furthermore,
the‘effect.of leoions was reétricted to the growfh of>the cerebral
hemispheres.and,did not affect the cerebellum, 1(Cereﬁellar lengﬁh could
not be meaéured well on the photographs, but cerebellar ridth'wesv
v1rtually 1dent1cal for all groups ) Env1ronment also produced a -
s1gn1f1cant .effect on hemispheric length (p <’ 05), see Table 1, but
thls EC-IC. effect was found only among the lesicned anlmals There was
not a 51gn1f1cant environmental effect on width, Infllctlng cortical
lesions within 10 days of birth‘has been reported to_reducerthe growth
of cortical bulkrin both cats (Isaacson, Nonneman, &’Scﬁmaltz, 1968) and
rabbits (ﬁonneman, i970); Environmental treatments‘hare aISO'been

reported to aiter length of the hemisvheres, although results have been
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somewhat mixed, as we will review in the Discussion.

» Insert Table 1 about here ‘  | -

Behavioral Scores

| With the'largéilééions inflicted in this experimeﬁt; the effect
of brain sfatds 6n-perf6rmance was considerably larger and moré signi-
ficant than the efféct of the differential environment§; (The effects
of'smaller lesions will be seen in Experiment I1.) Figure 3A presents:
_mean errorsvper‘rat on trialsb2—8, summed over gll 12 problems, with
two someﬁhatbdifferent methods of scoring: Originallj wé'compufed
total errors, and then we obtained a cleaner set of scores bj removing
errors made during clear cases of_explorationﬁ' This was done by
substituting for the erfdr ahd time scores of the eXpl@fatory trial the
scores of the immediately preceding trial on’ which expiorétion was not
noted, When’exfloration occurred, it was ﬁsually on oﬁé of the last
.trials‘éfter‘sﬁccéééfui'runs; In the case of total error scores,
analyéis;of'variance demonstrated the effect of lesioning to be clear
(p < .001); but the effect of en§irbnment (p < .10) failed to reach an
'acceptablé level of significance. When errors maaerduring exploration
,weré elimina£ed, the effect of environment became significant (E < .CS)
and théveffect‘éf lesions remained highly significant (p < .001).

Aﬁaiysgs were also made of initial and repeﬁitive'errors. In two
other experiments‘with rats lesioned at 30 days of age, both sQrtsf;f |

error scores were affected by environment as well as by lesions, with

repetitive errors showing espeéially clear differences among groups
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(wina et”al.).:Ain the present experiment, initial errefé_did not show
a sigﬁificant effect of.environments but.repetitive errofs.did (p < .02);
lesions affected both.sorts:of errors at beyond the OOl level

Running tlmes (Figure 3B) also revealed 51gn1f1cant effects of

‘both lesions and differential env1ronments. Whether or not allowance

. Insert Figures 3A and 3B about here

was made for explofatlon the environmental treatment was 51gn1f1cant
(p < .05) and the lesion affect was hlghly 51gn1f1cant (p < .o01).

Thus fhe postoperatlve environment was found to exert a significant
effect on‘séveral measures of ﬁroblem—solving behavior; in spite of the

1erge size of the brain lesions.

‘EXPERIMENT 11
Methods .
| The metﬁods followed those of Experiment I, with:the fdlloWing
differences: _Both:female and male'Sl rats were used..‘Care was taken
fe’make smelier iesions than in Experiment I. Each.of79vfoster mothers
vwas given 8 pubs,vtwo lesioned and two sham—operates of each'sex{ Bach
litfer remained'in‘a standard colony cage until the pups were about 23
‘days of age. The 5& rats that survived to this age were weaned and
ass1gned at random to IC or EC cages. One EC cage wes,used 1or the males_‘
(6 lesioned and 8 sham-operated controls) and another EC cage housed

the females (6 lesioned and 7 controls).
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Results
- The lesionS'were smaller tﬁan those in Experiment I,.as'intended.
Compare the extent on the dorsal surface in this eﬁperimeﬁt (Figure L)
wifh.the previous set (Figure'1l). The subcorticél invasions,,although
.présent in several.animals, were smaller thaﬁ in Experiment I; exaﬁples
are seen in Figure 5. In most cases the hippocampus'was'intacf;
although its shape was usually distorted. With these smaller lesions;
there were smaller but highly significant effééts of lesions in feduging
the length and width of the cerebral hemispheres; sée Table 2. Environ-

mental treatments also produced highly significant effects on both

Insert Figures 4 and 5 and Table 2 about here

measures, with EC brains growing larger than IC breins. Sex 'also helped
to determine brain size; the females, whose body weight was iny about
69 percent that of the males, shbwedvsignificantlyvsmaller brain
dimensions (p <Y;OOl).

Behavioralecores

Total errors. per animal on trials 2;8, summed over 2ll problems, are
péesented in Figurei6 (compare with Figure 35. Theleﬁvironmenﬁal effeéé
is cleaily significant (p < .05), -and the lesion effeéf is highly signi-
ficant (p'< .00Ll). Although the female;’in each coﬁditioh made‘Slightlyit
more errors than the cérresponding males; there is nét a significant
diffe;-ehcé related to sex. (Smith, 1972,’ reported that ‘females of the
Carﬁorth Europe strain made moré errors fhén males on the Hebb-Williems

maze, at beyond the .05 level of confidence.) VWhen errofs committed.
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during obvious exploratory behavior were subtracted out, the significances

of differences remained unchanged.

Insert Figure 6 about here

‘Analysis'of iﬁitial_and repetitive errors yielded results similar
to those_of Experiﬁeht I. Lesions produced significent effects on botﬁ'
_kinds of scdrés'(2,< .OOl),'but an environmental effec£ was seen only
on repetitive errors (p < .02). Running time (Figuré 7) revealed a
A strong environmehtal.effect,(g < ,001), whereas'the_doﬁparable effect
in Experimeht i féached only the .05 level of significahce. Thus the
,pattérn of effects.on both error and time scores was similar to that |

found in Experiment I, but the levels of significance of the environmental

effects were higher in most measures in Experiment IT.

Insert Figure 7 gbout here

DISCUSSION

Cbmparison among Results

» Similarities and differenégs between the results:of the two present
experiments should be. considered, as well as comparisoﬁs between them
and’the'exﬁeriment of Schwartz (1964). Both of our experiments yie;ded'A
significant effects of environmeﬁﬁal treatmenf as welivés of'brain
lesions, althouéh the EC-IC effect‘was.clearly smalier than the lesioh

effect, In'bur,first-experiment,.the unfortunately large size of the
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lesions; which substantially impaired ﬁhe hippodampus as well as the
. cortex} may have overwhelmed the environmental effects, In fact, it is
impressive that all the animals did improve their performance in spite
of the extensive 1ésions that some of them had sustained. In Experiment
II, in which the lesions were'smaller aﬁd apparently.cpmparable with
those of Schwarfz, the environmental effect Showed'up‘mote clearly than
in Exberiment I, but eﬁvironmént still accounted for ﬁuch less of the
variance than did the lesions. Schwartz had rePOrted.that environments
produced larger differences in Hebb-Williams scores than did lesions, )
with both effects significant at beyond the .COL level of confidence;
his lesioned-rich thironment rats averaged fewer errors.than his;
intadt—poor enﬁironment rats,

The differénée in effectiveness of the envirbnmental‘ﬁreatments
between Schwartz's study and ours becomes all the more.étriking'when it
is realized that Schwartz's "poor environment"_rats were housed in groups
.of'2 to 6 per~§égé, whereas our IC rats were housed in individual céges _
from 25 to 65 days'cf age; thus our rats suffered fromvgreatér restriction
of experience., Differences between rich environment of.Schwartz and our
enriched'condifion probably did not'importantly affect the resuits;'at
least we have féund“that the siie of the EC cages or the.particular
stimilus objéctSfdovnot seem to be critical (Rosenzweig & Bennett,‘inf.
press). {Hefe again, hoﬁever, there was a differénqe in the-sqciai'
grouping, since:SéhWartz‘placed b to 8 rats in'each rich enviionﬁent
cage, whereas ﬁe'kept about 12 rats in each EC cage. Thus the social

stimulation differed considerably more between our EC and IC treatments
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than between Séhwa:tz's rich and poor environments.
The duration of the diffefential environmental treatments may
have been an impoftant factor. It léstedv9o days in Schﬁartz's experi-
ment versus 60’day§ in our Experiment Ivand 40 deys in our Experiment II.
(1t shoﬁld be remarked that the period in Schwartz'srexPériment has been_
cited in some,articles as being 4 months rather than 3 mbnths; but this
-is due to ah‘erro?.at one point in his article.) Note, howeVer, that -
‘Experiment II, with the shorter EC-IC pericd, yielded ciearer environ-
mentai effects fhan did Experiment I. Since our two experiments
differed in othef.ﬁays, it will be necessary to do further work to-
Qbﬁain diréct inférmation:on effécts of duration of différential experi-
encebon récovery from brain lesions.
1t iS possible that Schwartz's sham—pperatéd rats did suffer fronm
some brain damage,.since he opened the skull in shamfpﬁératesvas well
as in the lesioﬁédvrats. We left the skulls of the»sham}operates'intact
vto.avoid the péséibility of brain damage, and thus'theré may have been
a greater-differehce betwéen lesioned and sﬁam-operateS'in our experi-
ments than in the-expefimené of Schwartz. Schwartz stated, however,
thét prparently such meningeal damage as may have dccurred [En the sham
operate§7 had ﬂb.effect on the underlying cortex as judged.by final
histology" (p. 73). - |
Evenvthough our results are not as striking as those of the”single
7 expcriment of Schwartz, we have confirmed the beneficial effecté of
postlesion enriched.expefience with rats of ancther sfrain._ We haQe'

also shown that.thé duration of the enriched experience can be reduced
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to 60 or to LO days without destroying the effect and, in Experiment II,
-that the enrichmenf need not begin for several weeks after‘theulesion;

In experiments repo“ted elsewhere, we have also found'beneficial

effects of enrlchea experlence upon recovery from les1ons inflicted at

30 days of age (Wlll Rosenzwelg, Bennett, Hebert, & Morlroto, Note 2) or at

: Note 3
120 days of age (Wlll & Rosenzwelg,A) The role of experlence in

, ,
" behavioral and anatomical recovery from brain lesions may provide a
useful model for neurological investigations of behavioral therapies.:

Changes in Dimensions of Cerebral Hemisvheres

The flndlngs of altered lencth and w1d th of the hemispoeres '
complement a few earller reports on effects of dlfferentlal exoerlenee
on dimensions of the brain. Altman, vallace, Anderson) and Das (1968)
reported that any of seVeral treatments--4 ﬁonths of'operanf conditionQ
ing, deily handling from dey 2 to day 11, or reariﬁg in an'ehfiched |
ehﬁironment for 3 months afﬁer weaning--led to a significant increese
in'eerebfal lehgfb tut to no change in width. 'Roseﬁzﬁéig and Bennett
(1959) found only nonsignificant 1 percent incfeases-in both iength and
.wﬁdth in 30-day EC-IC experiments with rats and with gerbils. Waish,
Budtz-Olsen, Torok,eand Cummins (1971) vhen showed that fhe duration of °
the experiment was ah important parameter: Iﬁ a 30-dey‘EC-IC experi-
.ﬁent neither the.l_perceht differences in lenétﬁ.nor widfh were signifif
cant, although.tﬁe product of length x width was significant (2.2 percent
differenee, p< .Oé). But following 80 da&s\of differential rearing,
the EC-IC difference in length was 51gn1f1cant (2.5 @ p, p < ;Odl),_the‘

‘differenee in width was nonsignificant, and the product of length and
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again yielded a signifiéaht effect (2.8%, P <..001). In a further
study, Walsh,_Cummihs and Budtszlsen (1973) repoftea that the 1.2% differ-
_ence.in 1éngth aftgr 36 days was significant (£-< 7005)_with a large
:enough N (22 pairs); nevertheless, the 30-day effect Qaé only half as
large as that:previously found with 80 days of differential experience.
No difference in width was found.

In our Experiment I, the effects on length and width after 60 days
: of EC>or IC were very small in tﬁe nonoperated rats, which were coﬁparable
to the subjects oanltman et al. and of Walsh et al.; éniy among our“
lesioned rats were-clear effects seen. In Experiment Ii, small but
: significant‘increéées ih,boﬁh length and width Were:fdund aftér onlyiho
days of diffefentiél experience. We thus confirm‘the'effects bf‘experi—
ence on cerebral diﬁensions. Furthermore, Experiment II showed a signi;
ficant effect of éxperience on width of the hemisphereé-(g < .Ol) as
‘wéll as on leng£h (2 < ,001), whereas ﬁrévious workers ﬁave reported
Significaht changes only in length. We also-extena,to fhe rat the find-
ing previously made ﬁitﬁ cats and rabbits fhaf néoﬁatal'lesioﬁs impair |
the subsequenf growth of the brain. The fact that a lesion made early
in life in oné region of the brain significéntly affectsvdevélopment'of'
other regioﬁs Shoﬁla be kept in mind vhen interpreting r§sults bf neo-
_natélliesions. As a jéint consequénce of the effectsbof eérlyjlesioné K
and environmgnt bn brain growth, the EC-L rats thus.had signifiééntly
larger brains than theif IC%L counterparts; it remains for further” research
to determiﬁe whethér this differénce in brain developﬁent éccounts, in ‘

part, at least, for the better learning of the EC-L than of the IC-L group.
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Table 1 |
Effeéts of Bréin Lesions and of Environméﬁts
én Dlmen51ons of Cerebral Hemlspheres | —~
| R *wtmiéngth (mm)  Width (mn)
e '. A. Means and standard deviations -
CEes 13 13.97 oMo .00 0.7
Ic-S a2 13.88  0.30 7.06  0.13
EC-I 8 12.83  0.36 6.31 0.27 3
L9 #0862 on
‘B. Lesion e?fects 1n percentacesa;' .
EC-L vs. EC-S - -8.2 . -10.0
IC-L vs. IC-S - -11.8 s
ALl shem vs, ML lesion -10.0% o

. C. Env1ronm°ntal effects in- percentagesb

EC-S vs. IC-8 A 0.1 ' -0.7
EC-L vs. IC-L - : 4.8 : 1.0
A1l EC vs. All IC 2.6% " 0.0

a 100 x (lésionéd mean minus sham mean)/sham mean '_ 
b 100 x (EC méén minus IC mean)/IC mean
* 2‘<_.Oi, **% p-< .001l. Significance was determined for the maiﬁ

variables (lesions and environments), but differences between groups

were not tested;
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Table 2
‘Effects of Lesions, Environment, and Sex
on Dimensions of Cerebral Hemispheresv . e
Condition o ‘E , X SQD. A X %JPL“mM
A. Means and standard deviations
Jec-s 8 1k.07 0.33 7.07  0.08
? EC-S 7 13.80 0.21 - 6.85 0.7
J'1c-5 7 13.81 0.37 6.94 0.10
2 0. 7 13.67 0.38 | 6.75 0.20
 d'EC-L 5 13.77 0.16 6.7  0.13
? Ec-L | 3 13.35 0.47 | 6.64 0.1k
d'1c-L 6 1349 0.2 o 6.68 - 0.32
? 1c-1 4 13.05 0.21 6.42 0.12
5. ”;‘eSi-on effe:ts?E-E?Ef’i?fff%?ia I
FEC-L vs. o’EC-S -2.1 -5.1
Q Fo-L vs. ® EC-S -3.3 -3.1
JIc-L vs. JIC-S . -3.3 | ~ -3.8
? 1C-L vs.  1C-S 4.5 4.9
A1l lesioned vs. All sham ~3,0%% YT
e S
d'EC-5 vs. & 1C-5 1.9 1.9
? EC-S vs. % IC-S 1.0 ' 1.5 )
FEC-1 vs. PIC-L | 2.1 | ov.-h
? Bo-T vs. € TC-L 2.3 | 3.h'

MY EC vs. AILIC 1.6%% 1.6%

{(Continued on next pace)
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Table 2 (continued)
Width (mm)

Length (mm)

Condition n X S.D. : X - 8.D.

D. Sex differences in percentages®

$EC-5 vs. ? BC-S 2.0 3.2
F1c-5 vs. ¢ _‘IC-S‘ 1.0 3.8
FEC-L vs. 2 E‘C-L' 3.2 - - 1-'.‘0;'_. o
.J‘IC-L ve. 101 3.4 o o

A1 Pvs, m11 2 2,1%% | 2;7**:

2 lOO xV(1esiohe@ meah‘minus sham mean)/sham meaﬁ L
b 100 x (EC meaﬁ minus IC mean)/IC mean

€ 100 x.(male mean minus female mean)/female mean .

*IR,< .01, ** g_<..OOl. Significance was determined for the main

variables (lesion, environments, and sex), but differences between the

groups were not tested. -
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- Figure Captioné

- Figure 1. Extent of lesions in Ekperiment I,vshown on outlines of the dorsal
aspept of the brains. Lesions were reconstructed frcm'frgzen sections.
The 1ocations_éha'exténts of the lesions were similar‘for the two lesioned -
' groups, EC-L and:IC-L, For'comparison,’outlines of brains of two sham

operates are shown below the scale.
v . . ! . -

Figure 2. Coronal séctions illusﬁrating various types of lesions observed in
Experiment I-(left coiﬁmn,‘at'lévelidf the optic chiasm; right cblumn,'at
level of the optic‘trgcfs). The top row isvfroh a sham operate, and each
other Tow represents a>different lesioned rat. Ianomé‘caseé the hippocampus.
was Iargely destréyed unilateially (e.g., in the right hémisphére in blocks
B, D, F and H);  Where the hippocampus was not badly damaged, it ofteh.
herniated up through the cortical lesion (¢.g., in the left hemisphere in .

blocks C, D, G and H). The width of each block represents 17 rm.

Figufe 3. Errors andirunning times in Exﬁeriment I. A. Errgrs per rat on the
last 7 trials of all 12 Hebb-Williams probiems. The dashed cdlumnsvshow
total errors, ﬁhéreasvthe éolid caiumns show errors aftgr‘those made during
exploration have been subtracted out. The verticalvliﬁés indicate i one
standard‘deviationvof the scorés from which explofation'eirors ﬁave been:

eliminated.. B. Time per rat on the last 7 trials of all 12 problems; As

for errors, total time and time minus exploration are shown.

Figure L. —Eitent of lesionsjlexperiment II, shown on outlines of the dorsal
aspeét of the Erains. Lesions were reconstructed frOm frozenbsections.‘ The
. locétions and exfents of the lesions were éimilar for the fwo_lesionédi
groups, EC-L and IC-L, For compérison, the outlines of the median-sized

sham—operated 1c-? is shown at the bottom right.

' B
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Figure 5. Coronal sections illustrating various types of lesions observed in

Experiment IIf (For comparison with control éectioné, see top row of
Figure 2.) In this expériment the lesions ihvaded'éhiefly the éqrtex, and
thé»intact hippqcaipus of'ten herniated up tq occupy the site,of the cortical -
lesion (e.g;, blocks A and B). When the hippocampuSYWés damaged, it was
léss likely po”herniate (e.g., C). In a few cases thére was extensive
'démage fo thefhippocampps}(e.g., D) gé in Experimeﬁt I. The wid%h of each

block represents 15 mm.
. \

Figure 6. Errors per raf on the last 7 trials of all 12 problems, Experiment II.
The dashéd colﬁmns show total érrors,_whereas the solid:célumﬁs‘show errors
after those,méde during exploraticn have been subtréétéd out. The Vertical
lines indicate h one standard deviation of the scores from which exploration

errors. have been eliminated,

Figure 7. Running times per rat on the last 7 trials of all 12 problems.
Conventions are as in Figure 6. -

-
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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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