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: S {Synopsic-asbstract)
EFFECTS OF COMPLEX ENVIROIMENT AND BLININESS
" OGN RAT BRAIN
' An E::periment v:!.n Replicate
D. Krech, Ph.D., M. R. Rosenzweig, Ph.D. and B. L. Bennett, Ph.D.

Y

bni’gparing brains of blinded and éighted rats raised in a complex

environment with those of blindéd and sighted littermates ralsed in iso-

lstion, we found these wesults: (1) For both blinded and sighted eni-

| _il mlsan enriched enﬂronmen‘; increased cerebral cortex weight and -
:-‘ aétiﬁty levels of total cliolinesterase throughout the brain and lowered
*.the cortical subcortical ratio of cholinesterase act:iv.tty per unit of
) weight (C/n ratdo); (2) Elindina lowered brain weight except at the
- @smesthetic cortex, lovered cholineatemse activity except :I.n the visual
_ana smathetie regions, and raised the ¢/8 ratios '
| Hypotheses are propc:se& to explain the finding that enriched experi- '
ence affects the w.eual cortex of the blinded rat and that blinding
" causes 1ncreased cholinsstemse ectivity in vi.sual ccrtex and increased

weight snd cholmeatema activity in somesthetie ccrtex.

L



I:‘FFECTE 0? c&m ERQVIRCRAERT AND LIS

- OR i‘M’ BRALE
‘ An merimnt in Replicaw ,
- D. I’{r@ch,l"i’h.b.,.»h@. R, Rea@mweig, Pa.D. and E, L. Eenneﬁt, Fh.D.

. Eorly biindness of peripheoral or&e;ﬁ.u has been shown to influence

_— S8, 17
- the wmmtry and anstowy of the brain.’ Bt 2, A8, 1.

k“mmuits of sow
of oup e:smvimwm noave Wesﬁad that the ccmaml cf"ectza of bLlinding
'.zaﬁ.ght be ovarcam, in mﬁ’t at least,, by suitadle prograns of stismm tion
and treining. Toese experimonts--vased on studies with six airferent
am'ains of rats and mmym@ a pumber of replicatl ons-»-»have consistently
‘shows that significent changes can be induced in the blochmmistry end
mx'yhomgy of tae bmin ol the rat Yy verying the g.ea:plmty «:ﬁ‘ the

w? I:A / [
envimnmm 2.

. The mﬂin cnrebra}; effects of dlfferential eon vimnz:m*t gre thepe:
(}.) The cortical weight of apimals raised frem vweaning in an enriched
environment (the mvimmwnm Complexity and Tminingg-fﬁ_ww@muxs) is
soout 5 per cent greater than that of lmwm%.e aninals veised in an
' imwariahezi envircmaent (the Isolated Contml-—-mm&mu'p} méw is

litﬂe aigs ersn.e ba"“vmn grauya i the Wi{)lt i:he rest af the

. . el
brain.”

(‘?’) 'm@ total c@m&&maﬁam@e (Chﬁ) activity ef the ECT emim,.l '
is ak:«cmﬁ 3 per eem'c mater thep thet of his IC litteruate in hc»th eox-
tex and subcortex. Y (3)  Since cortica} velght thows a grester in='
"'-:areaaé than éiﬁéé total mﬁ activity, £hi activity per \ﬁnit of tismue .

smight (“?@ciﬁc CuE metivity) decreoses with ECT at the cortex. In the

rest of %&e brain, sime the z-me of ‘total ChB activs.ty is not acoow
' m‘.ea by & ch&ne;e in weight, sp@cific Che aetivity riges wit;h Ex Te Az o

consequznce of vthefa@ two ozmait@ offects, the ratio of specilic ChE
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) -cctivity in sam *31e"s' of the visual end semesthemc cortices to that :Ln
' the .au‘ecorter*‘ i.; i‘cmd to be about 6 per cent lover in the E;CT animels
then in their Ic Littermates.T" Tuis ratlo s veferred to as ‘the corti-
;\.fc&l'subcurtical or C/B ratio. The r‘.tio.. for differeat experimental

gxoups bmm bec»: found to hoar the seane relmionships vaether they are ‘

. ‘ eypv'eosea in te"ms of ‘é:iscme migm or in tem 01" pmtein com:cnt,

""hs,se three meawum’ole efi‘ects ol a very genemlizea cnrichad experience
" upon bmin we have rei’err@d to a3 the ECT effacts. Ev’l.ile the ECT of-
A‘fezet-s; are .e:i-milar. in‘ﬁ.u:ectian in the différent cortical areas, '%;hey are
o5t tstrikiﬁgly obse"véble' in the Visual Corbex 15 o
Yo dcslgmd the present emerimntv (in car cont inuinb work on the
rclauicns bewc.en camplexi’cy of e*;z}erience end brain modn.fic&tions) to -
. study 't}m quegtiems. (l) How yyri*merul clinding int erac*csv vith ef-
fects of experience and {2) ’-"ihet‘ner cere:-bral effects of *blindnass#can. '
be cmmnsute@. w‘ b:f wperienﬁe in o..har smsoz'y m&alitias.
| PROCEDURES |
Y’p riment One ) | o -

Sy Sex tn ar&. Eeh;.vioml Cmdi‘bi&na

ﬁw su”v,)ectxz m the first a: perim'*n:t w::re elevcn sats of male
,“briplew of the Berkeley S 1 stmin taxzen at Wzanin‘g (e.bauu twenty-five
u&yﬁ of age). The three mimls x:;"’ & litter were &ssigned 8s i’c}.lov
one to the si@;hterl 0T (group (S-uCT) , one uO the blin&ed }:C‘I’ group
(Emﬁcﬂ) and one to the mincle’& I¢ group (B-IC).. B.,.ind:mg wags dene By
e*mcl»ation under ether ancsuheaia on the day of wmi. The assign—
v:t was a’c ran&oan with tLe mstriction that the mcan weig,ms of' the

three groups ?:re aubatantially egual
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Fig. 1
&bout here

e . u‘3~

The I‘.QiiT condition lhas been deseribed previously.T In brief, the A

- animals were heﬁsea in groups of abcout ten in large hardware cloth cages

provided with wooden "toys." Except for thé first fev days after enu~-

cleation, blind end sighted ECT litterustes lived in the ssme cage. -

Every day the ECT snimale vere put in & Hebb-Willlsms maze, and the pate

tern of barriers was changed dally. Begimning at about fifty-i‘.ive‘ days
of age, they were trained successively in the Lashiey IIX wmaze, the

Dashiell maie and the Krech Hypothesis Arp&m'tus. A1l ECT animals

v'showd a lugh Jdevel of activi‘ty and social mteraction, with th:a wlind

emimals being somewhat more actiwa.
”ha b animals were housed individually in cages with solm wails 3

an& they received & minimm of envirommental stimalation and handling.

© 421 animals had food and water ad 1ib.

Secrifice and Dissecticn of Brain

All enimnls were s&cri :&c‘ed on the seme doy ot about 103 days of

: ,‘ age. T ’*’he rats were delivex‘e& to the chemical laborstory with code mume
- ‘pers that aid not reveal to vhich group they belonged. The killing ore
. &er wasg arvanged so that animls of a litter uare taken as a 'block,

- wi thin me‘n l:i‘cter‘ the omr waB randsmiaed ag to exp@rimental mx.um '

y..ch: animal vas ﬁecapitate;’i and the brain sazzrglem were removed "oy. gross

dissection. To pravide for r@lativelﬁr r}zpid dissection into a smn. prikinly

ber of maions, the b“ain was divide& into seven gm'ts by the fol lowinu
- proc_s&xxrea. - After mmval of the cnlvariun;, -speciglly vﬁ\;signe& minia'-

ture pl.‘as‘cic Tfée;uare was plaéed on the brain to delimit the samples to a

-ﬁe"rémavea fmm' the visual and somesthetic arces of the cortex (see

' 2‘4'1@.- 1A). The boundaries ofjeach'l-cortica?.i gection were first
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: e ircumscribed with” 8 scalpel, and then thﬁ cortical tiszue wes careful,y
‘ peele& free 04 the'\white matter. In rat brain, cortex can be seyarateu '
rather clsaﬁly froﬁ thevunderiyins vhite satter in this way, .as Fig. 1C

N ;illustrates. Aftcr*uhe Yisual and oamasthetic sezples had been taken,
'the Remaining Dorual Cortex was removed Ly aninv out to the temporal
» ridge of the S'ull. {Tae aeqign¢tion§ of thm.tisaue gamples wil; bg
| copitadi zed throughaut t0o make clear thaﬁlée are réferrinv to the ope- |
Ccfal samplea as defined her&.) Rext & foarbn am@le was taken, incivd-
"ing ventral eortex, hippocarmpus 1& COXpLE callosum, ihis sag plm ui¢l be

- referred to a3 5 Ventral Cortex. The dorsal aspects af the-suyerio* '

coluieall ana of the inferior callicull were then removed separately.

The remalnder of the brain, including tae olfactory bulbs, the cerabcle

lum end medulle {transécted Just behind the cerciellum), wes taken as

the lsmst sample. This sample, plus the colliculi, will be referred to
as‘ﬁubcortéwg |

A ew &mple was removed, it was wezuhcé ageura te;j o &baut

6.5 per cent on a projection semi-micro balance (Sertorius Selecta).

After welghing, esch samﬁlé uﬁv frézen on ¢ry ice snd sﬁor%& in deep-
fraeze‘untii anﬁlysﬁs} Dissection and welghing of all aamp&eg of a
éimgle brain tad& leas than fi&u@&ﬂ minuue»..

 Bome variebilit r of t&e location and size af t tiszuevsamplcS'is'.

umevcla“bie, in spite of standar&i&ativ the n@occaurea of dissection

. end the long exg@rieﬂce af th@ teahnician"‘oince th@ disg sectiaa is aane

"in a rznaami sed order in which the animals cznnot be identified as ta‘ex~

perim»ntal group; sueh variability can serve only 1o attenuate the -

SR
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¢ffects obtained. The results to be reported are, therefore,
conservative indlcations of ithe effects that actually ocour.

hemicsl Analysis

s

' Chalineater&éa.(ChE)-aetivity of the samples was measured by rate
hd&rOLjﬁiS of ac&tylcholiu& in sn aytematic titrator; as prev ously
th
ﬂegcriued.

'ThaAmeasur@s ovtained include both acetylcholineoterace {("prue”

 CHE) and butyrylc&nlinester&s@ {"pseudo” CLE), but, &s we have shown pre-

: SRR £ S, .
vimualy, -at lea@t 95 per cent of our maasure.is acetyAchclinesﬁerase.

In further tests ve have f found that this is trae of sll the perts of the
brain that we bave measured. The predominence of acetylchiolinesterase

in the brain has also been shown by many others, including Nachmansohn

B

énd Rothghberg,ll Aﬁgunfinsson,l Ko@lle,é rd and Toowpson.
| Experiment Two
fhere weve three faaaons-for'reélicaﬁing Bxperiment One:
.l) Hoat. of the cff&ctﬁ of @ifferentlal experience and of blinding

were in the eypﬁct@a dir@c tion and replication wmulé dncrense cond id~nc&

'ib thCm.

°) Carﬁain results were surprising~~the blinded rats shoved

j inereases: in th&x ChE activity in the Yisual and ¢ Somesthetic Cortices

vama in u;ibht of the' Somesthotlc Cortex--and replicatign wss essential

'hsrw. v

' 3) The design of Exnﬂriment Two added 8 fourth growp {sighted IC)

80 thwt the effects of Q4f ferent;al emvirovmcnt end of bl ndinu Cduld te

t5wt & more cumnletely within & @.ngla aynarxment. Ag will be seen, the

rnsumts of thm two ewpcriments were ccnuruent, vut Luaperiment Two
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"yiel&ed rore sigﬁlficant'resul%s, provably because of its more complete

design and ;mrgez number of subgects. S | /

ff“ubiacﬁa unu éehaV¢ornﬁ Conditions s

In Experiment pistio elcven sets of male, cuauruplets cf the Berkeley

'Sl.aﬁrain'Were uged. The four &niMrWO from each litter were distrivuted

B

ong b xese four groups, following the some proceaure of sssignment as

‘in }hz eriment One: 'v-S-—ECT, B-ECT, S-—IC and B«IC‘.

ri’ic@ and Dis ECoiOn ef Erﬂin

-In order to make sure that the technician uisgecting the brain &M=

| ylﬁs xcula not know vhether a ﬁurticular animalfwas sighted or blind,
‘ since,tn;s might lea& to some unconsci@us,bias in the dissection, the
- following precautionary procedure was added: One perscn decapitated the

- animsl and then-piaced a atrip of adhes ive over the eye reglion before

giving-the head te the person who éid the dissection.

Inaﬁvertent’yﬁ smaller samples of the colliculi were remove& in

";'thisiﬁxperl n* th‘n in the previous cne, buv it will e seen in Hésults
“that this did not alter the *‘nd*ng». 'Gtherwise,'all procedures were ms

‘described for Experiment Cne.

A\

A1l snalytical procedures.were;as ﬁeﬁcribea_foi EXperiment'Oﬁé.

| " | RESULTS .
' The welght data fbf Experiment One an&‘T#o are presented in
Tables 1 and 2, resyecﬁiﬁely;,the'ChE daté,,in_TﬁbIes 3 and 4. Also ine
cluded in these tables ave tests of significénce; In Experiﬁant Two, .

vhere snalysis of verience could test for interacticns between effects

of blinding and effects of experience, no significent intersctions were

‘found. Therefore, it Will not be necessary to take up effects of
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¥ ‘ e
i
S

Llimaiw* *ey rutély amoﬁg ””T und,IC &ra&ps. For the seme reasem,
efz~ 3 of expe i ce need uot be. azswusseﬁ s&paratGV" for the hlinded

and s ghﬁca animuls.

“

s
. ’:f.

ielaht

‘Comﬁariéon of the @&f@ﬂﬁﬂ ox olinﬁxng and of rest ricti g expérience
ﬁm tiaéué wniéhts'in hoth ey erimcnts can bw mode with t ald of zig. 2.
In_céhsﬁrudting'Fig. 2, we toox th@'S-ECT.vglues’o; each prerimznt ag
100 per cent, and ﬁh@ values of the other groups are given in r@lation

to this 5tandar&f

The welght resulls of Experiment One are ccnfirmua and oxcended by

end 2 > and those of- r r&ment Two, as can be 5@&& from iauléﬁ L oand 2 and Fig.vZ:

}Eig. 2 about a) . In'both axgerimanua en increase in environmentsl coaplexity
" here. ‘lmh& ta- greatar cortical weigh% Tor both sighted end blind animals.

Thus the typical‘ECT effeci.on corticel veight 1s found among the
blinded es well as emong the o gu+aa enimals.

At - the Superior Colllculi the weif*ts of the ECT animals ave goner~ .

wllj grestar *han those of the IC anlmals in both afprrimﬁnts. e &ifw

ferences attoin the'wlsflgvei'ﬁf significance in_@ith@r experizent taxen

slone; when the results of the two experiments are combined, this ECT
Cogffect r@achQS‘the..Ol 1&%@15 A% the Inferior Colllculus the resul t% ef

meither exparimgnt, ta@en sapa*“tely, are sim icant, Thut w“en tau rew

&ults of u@ﬁh &Xﬁ@“iﬁun& are combined, th ﬁCi ffect is: u@&iﬂ

Csignificent at the .01 level;‘

At the SuLaﬁrtmx wo consistent dlfferences were found between ECT

and 16 ETOUDE .



gre found in the Infericr Colliculi..

./‘ uau

‘w
For both CXWCTiw@“tb the woight of the total bradn of each ECT

group exceeds thﬂ“ of the comperable IC groun, tut in neither experiment

 Goes this iucrease reach aﬁatistical significance; In the combined data

from the two ovverimﬂnts, the WCT value exceeds the IC value in tventy-
one of the'thirty—three cases (P <.10).

| b) In both cxweercpt“.al nding leads to a drop in the corticél
welghts of every brain region except the Sopmesthetic Corﬁcx. Tne sure

aing flnding of Iyperiment One that the Liinled saimals hsd the

hesx*er'uomyht?etic Cortices is not enly replicaied in Duperiment Two

but now reaches statistical signiTicence. (Note in Fig. 2 thet only for
the Bomesthetic Cortex do the btavs rwrcvcrh“w the blinded groups rice

above the bascline.)

. | .
) A& the mi d rain the Superior Colllicuil show sn i&rortant shrinkoge

. af‘wczght in the blini ! enimals--10 per cent in Experiment One and.

1k per cent in bxperiment Tvio. - The other midbrain nuclei, the Inferior

Collicuil, aré suditory ih function and thus offer & control for the

- Superior Collieuli. Ko consistend or significant ef ccta of blinding
g g Ly

P
' >

S&ﬁéartical'w&ighﬁs of the blinded animnls in tn@ first experizent

)

«@ll‘smmﬁwhat below those of the uightea 1rsag. Iﬂ zhe repl ation the

.

. decresse in suscort;cal wei«n* of - he blinded animaig'reaches

statis ical sign ificance (a \‘Gy)
’ﬁith.blindina 1eading.to 1ower:waights of both cortex amd subicortex;
of course results in & QCCTQQQQ in the weight of the*uhole.bra’n. in

ixbewﬁmantzcne this decrease aid not attain gigniflcance. In Zvperiment
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Two, although this decrease amounts o only 2.3 per cent, 1t is highly

consistent and significant (p <.01).
-, Brain velght data have been stated here in ebsolute terms. If they
are expressed in relation to bcdy weight, then the eifects of experience

bccamﬁ nore pronoaneeuA uhi¢e the effects due to blinding remain une
? (&1 ;

-cnangeg.. Thi" 13 g0 because, although the initial weights of the litter-

wate groups vere equated‘ the terminal body weignts of each IC group are
. ’_ }.. . (’5‘7

about 3 per cent greater than those of their comparable ECT littermates.

"uis agrees with the results of our previcus experimente and is probably
ke P §» D J

due to the relative inactivit ty of the isolated animal ~ The blind
&raup 8y on the contrary, ¢o not show coasistent‘differ@nceé in body
weisht frem their cemwaraole slghted littermates.

Choiinesterase -

The ChE data are presented im Tables 3 and b and aye shown graphice

-

ally in Fig. 3, - Incliuded in the tebles sre the results of st,ﬁistical

't@sﬁau Again there was no az;&xficant iﬁter& tion bet%ﬁen affects

blindiﬂu and effecta of exparicnece.
a) The effe ts of differentisl experience in Expeviment One could

pr&perly be tested only between the B-ECT and B-IC groups, end as can be

- Been from Table 3, no consistent difference'af total»ChE activity

exerzed, In avyeriment “wo the effects of eyperience can he m;agurw by

comparing S~ECT with u~IC and E~aCT with B-IC. Table & shows that the

-\ECT‘graup.hag greaﬁer total.ChE than the comp sarable IC 520 up in seven~

‘teen ef‘tha-eighteen comparicons that can he made. At %the Visual

(53

Cortex, Remalning Dorsel Cortex,vSuyerioriColliculus,_mbtal Cortex,

1
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' ‘Eu‘mortex and Totel Braln, the aits‘fernnces in fover of the EC‘T groups

: ,"a‘tt‘m stati:aticcﬁ. significance.

’ The C,/"’f:‘s m‘aioq, saotm £ the rignt of Tcwlea 3 emé. % and in I".Lg. 35

- BIe ai,c;nif:antly fm’* all ECT groups tl'mn for thelrp eor‘r‘emoaamr

Ic grhupa, &3 has typleally been fom& :In our previous utu iies.

b} Com;’mrmg the blinded gxi . the sig,'t:"‘cea animale, we see that for -

both the Visval and the Somesthetic Cortices the blinded animsls have

- the higher valuge of totel ChE ar.:"civity. These differences, vhich were.

anly suggestive in the Tirst e:»:mrmcm, . are tm sticmu signiftcant

in the. aec-omi* experinent. Timﬁ t}w‘se unexpec:“ced results of the first

e,f‘?m mn*‘c ‘seeq ‘to be reii*so:u, s I pma ablc, effec 8. The total ChE active

ity of the 'bllnu@c. groups of the secc:ma e"";:c riment exceeds thet of the

s*lg:h_md groups by 5.3 ‘pe-z'_cen‘& ia the Visual Cortex and by 5.7 per cent

-in the Somes thetic, Cczrt\«.n-a. In the rest of e eortex 'tl'ze' blinded ani-
- male tend; on ‘&:ha'co DLrery, 0 ;um, somevhat 10’&:1’ valuaes than their

slghtad 1;. ’wma%m 5 but these é‘».i“*“z‘:‘er sRCes. are nob ui&;ific.mt.

In both mwmenta the uu;emor 1ii xl

¥

show large and signifi-
r‘:zmt drgp’a in {:otal ChE with bHlindness=-23 er c';.-“n‘c in Experiment One

and B p;r cent in Emerqm Two. The drop in total ChE activity is

larger than can be sccounted for by the 1% per cent drop in welght. The

- nonvisual Inferior Colliculus shows no consistent changes of total Chi

folloving h_inimg._
Ao the Subcortex the S-ICT group e ceczéss t}z& BECT group in total

Chl agctivity in both experiments, bub izz tha smmné. experm@nt the 5-IC

value 1o smgm%‘ less tlmn the B-IC mlue.» In neither experinont is

‘thexe & big..ificamt eﬁccc of blinding on the total ChE of the Subcoriex.



3 RERS
! s

»

s

Finally, biin:iwg_, 15 'geegi %o raise the §/5 ratio significantly In
both ﬁmarimnt‘,. ‘ |
‘Z’hufs the effcec“cé Aof e:> hﬁmg on Chi &c*‘wity in all brain area
'*'ce'st ti.ﬂ Viaual &na, Somesthetic Corbices are simlar to tfzc effects of
restricti ng ex{ﬁerience.
CORBEETS

A

‘I.‘m rosulte provide cleaz* affirmative snowers Lo the major gques—

ion that init.‘.aucu. these exgeriments., ot only the potiera but also
the maggnituc_ie of "c‘ne T ""e ots anong the bl ;’L_ztgaed. animals are similar
“;a those 0“1 & among sighted eximals. Of gpecizl interest is the find-
124 that the ‘d’.usv al Cortex im the blinded srimals shows the typleal KT
effeets.' It should be remesmbered that with cur peripherally blinded

~animale we ere probulbly ::‘m“a dealing with g normsl vicual eoriex. There

)

. is evidence shab *"he (’Q”CZ‘:.GI*-.A\.iVG consequences of blinding by emwclea~
, . I N L3 YDy
tion reach back into the mnﬁ.n and even to the visual gortex,”” AT 7

Bevertheless, cur data make it clegr thet even with such injury te the

ey

visusl cortex ftoelf ¢ "d with complete elimination of visual Input, the
visual cortex continues to Be affected by variations in the enimal’s ex-

periences. Theoe findin{gg sunport the Interpretation that the wisual

¥

cortex participates in nonvisual sctivities--ot least smong biinded rats.

P
2]
bt
g
tr‘n
g
o
)
pa
<
o
3
g
;ff
5
£
&
i\
b,
=
a
o
Cu

‘.i‘h;e lans of sighﬁ then does not pre
c & 'xw,..«. 3 the mrpho}.o«:v and 'Z}igﬂbem:?_stx”f Gf‘ 4 m‘ai*z nich, on the
basis of & 'rn,vif*w study, g’ are positively related to efi‘xclene; in
adaptive bohavior. |

Meny of the effects of biinding and of restyviction of @meriance

be similar, snd in these cases blindness cozld e
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‘ carzpensated for by envzmnmental cnriehmant. Thus 3 fbx? example, the

.-\

tota). coz'tica.l wight oi‘ the blinued BCT animal is w.gher than that of
'the sighted IC animl the total cortical ChE ac :'wit,] of tne bli.ndcd '
“‘CT endmal is higher thzm that of the sigm:ed Ic ani'mal, and the C/" ‘

‘ratic of the blinded ECT animal 1s proctically menucal vith that of

" the sighted IC enimals (410 va. .lal.l)- These rem..lta 1m*:ly that &

nlinded animal raised in an enriched environmut might ue at 1eaat
efi’icient in 8olvins nonvisual problems as a slgrxted cm.mal reised in an
S.znpoveri hed cmrimnmt. ) '

On three Reasulres hlindness had an ef fec.t opposit@ to tua’c of
'enviromnental mmvemshmem: Total ChE activity of the Visu@.s. Cortex
for the ollncx Ic group is #lishtly _._gl_x_e__g thzm for the sighted EC“""

group: ‘And the game i3 true for the total uhﬁi_.uevela of, the ;aomaasg»

‘thetic Cortex. Tinally, the welgnt of the Semesthetic Cortex of the -

B-IC gmp 18 identical to that of the &-5CE enimala. Lot us Tiret teke

up tse ef‘zect on the Tisual Cortex.

N
¢

txe can oi:.e,_ two specm@iva explanationa for the uncxpectecl “ise

) _' in total ChE in the Visual Cor't:.ex of the blinded ammm~

a. The visual cortex may be wore actWe than uﬁual in alind sub-
,jec‘ca R vaud the gma»er flux of 'imyulws may 1@0. to increased ChE xa.ctiv-' .
ity. This posaiaility is aupvaortezd by the finuing of Cohen, Bushes and
anic.era that bilind cb.ilﬂren have abnamal ”ﬁﬂ patﬁems $ mcre th&n h&l‘f

of the blin& clzil&re‘n'ehqwed Iarge zspike waves in. the occipital_ mgicn.

LANN

 These authors have hypothesized thst “...this ebnormality might be due

£ the bithdmwal of az‘ferent volleys i‘rom 'the visusl sttem, lecwing

the &eaffemn‘bed carwf in an ’irritative' state" {p. 921},



b Another ncsgibni‘c.y that ve would like to su.,ées* is the
follcwing hy?othesia. Some of the noncholinargic syna*oses and soma of
L .": . the cells in the Visual Gortex may degenerate after blinding, part of
| 3 =the sympms uein repmce& Yy cholinergie Junctions from adjacent xe-
&iona, . thus cn.using a %crawe in weight and a. net increase in ChE
a\.'L" vit;. .
Tne z*alatively g:eater develorment of Scueethetic Cortex among the
‘ blinded mm.mls might e a con...eqwance of cumpensation for loss of sicbt
by gmate;r emloyment. of other seneory wodalities. We presums thal thm
; . : ‘blinde& animals met the C.cmands of the cnvircnment by greater reliance
; . em sémsthetic infornation then Aid their sighbed brothers. Greater neu-
| val activity of Scuesthetic Corheﬁ; would then.have led to both growth of |
s'trnlx'ctzire"“and viricte&sed,syntﬁe'sis of the enayrﬁe related »tvo q:hc_);inai'gj.c

: ‘symiatic trangulssion. The mterpretmion that the changea in the Somes~ .

'.’hhetie Cortex following mm&mg vere due to increased functionsl demand
o . '. is ‘strengthened by the fact that cnrichmg, the environment produced
. changes in the same direction a8 blinding, raising both the ueight and
' .'.the total ChE metivity of t‘né. Sqmésthet;c Cbrtex. '.Thie inter?mtation‘
| is ‘also supported by ouxr previoﬁnr ﬁnfu.ng that corticel injury in one.
B heulsphere .ré;a\.‘\lta 4n increased ChE aqbiﬁty in the contraiaterzli hcrﬁi_-’
. ‘sphere. 3 Thus ..our present rasu‘lta prévide éoncrete' evideéce for the of~
- - ten hypothesized passibilﬁ;y oi’ cerebral emzpensa'bim for olincin.g |
. B R su*z:mm:mcoacwsmno

1
.

1n the first of two experiments one male 'triplet from each of .

: eleven litcers ‘of the Berw“ey 8y strain of m’ba was aasignea at weaning

-t one of the i‘olloving three groupa--sighted enimals vho were raised

»



. ‘ -

wllie

under conditions of environmental complexity and treining (S-ECT) »

blinded animmls given experimental complexity and treining (B-ECT) and
~ blinded enimals kept as isolated controls (B-IC). In 4the second experi-
- ment eleven sets of quadruplete were used and a fourth group vas added=- |

- pighted animalé‘.kegt m‘iaolation (S‘«IC)." All' animals vere sacrificed

siter about: eigh‘ty &ays in these conditions, émﬁ the weights end chélin-

\ : ' s
esterase (ChE} mctivity of severel divisions of the brain vere determ- '

A

“ined. ‘There ves gond agreement between the results of Experiments One

and Two. The differcnces typlcally found between sighted ECT and IC

. . gXOups in previous 'e:_xperiménts 'wém Tound beiween the blind ECT a‘z;éi"Ic _
| _,:g'roups; ECT animals had a) greater x;might of cerebral icor_tex,. S) greater
‘ v,ﬁéatal ChE activity thmughdut the *brénin, and ¢} & 10"#:5 éorticél/éubcor-ﬂ
| tieel ratie of‘Cthactivity.per'unit of welght (C/8 ratio). These BCT

' effeetm in;tha'braina of blinaed rats indicated that they'could benefit

from enriched experwnce. ?-inding thesé ai‘feétm éwn in the visual cor-

: tex of*"erss new evidence that the vioue.l corbox particinates in nanvisual

i‘uncticns .

mirding lmvmred the mig,ht of e.ll aivisions of the. ‘hram exceut

- %be Comesthetic Cortex. .Blinding lowered CHE ectivity in all regions
'emcept ghe visual &nd a@mm’letic ngionﬁ. The C/S ratio wae raised by'
blinding, this ef«ect suwmating with that of restriction of experience.
The s:rﬁezr‘:?.o.:~ cm.licmus shoucd mrke& los nes. in both total and specific

Cbﬂ after bliwdmg, agaivx m&icatinc, t‘w role c;sf thca ACh-—ChE afste'n

the bmin. A.Ltemwtive hy:po’chesea were @ffered to amoum; for the in-» |

:l;_ crcage in ChE acti .rity in the Vimml Cortex fcllowmc u}.inding. The

2

-
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increases in both welght and ChE activity at the Somesthetie Cortex
“following blinding weré intezﬁz‘etea a8 cerebral co@ensaticm due to
'ai;'iere& ‘functiénal' d/é/zﬁand. | | |
\ '
‘David Xrech, Ph.D., and Mark R. Rosenzwelg, Pn.D., De;:mpt of
Psychology, Tolmsn Hall, University of California , Berkelgy, and
Eaﬁara.b.~ﬁannétt,é?h.D.,_Lawrence Radiation Labcratory,fﬁni#ersify of'e

California, Berkeley. .
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,aiél in uh@ statismual analyses.

* aox- the calm...l.ation of tma m‘cio, "subeortex” is defined as the

.entire bm,m exc.;u ing the corbeX.

L ‘1' hen 'tuis speculation was Tirst pmsome\.a, &b the menatmnal

'Comrress on Technology and Blindness ,L’ Dr. Ve Gz ey Volter vrought to
our attention an o-‘"“mr&tian from ks laboratory which he thought was
~.cc:n&ms.n... with our ;.:,g:tbesm. In Bume eon cnita.l.u 34:1:?. caildren the

nonﬂmcif'c: s.ortic.&l rc,sgmsts evoked Ly c.ummry and taaﬁim stx.umi

are mm.»u.u..‘.y large and ayreqa Turtier uOW&lI‘Ci Lhu oee a..l regions than

in m&,ntu.. chil w&n of the sane ago.s



| 1. ﬁugwsunsaen, ’{ D. ubstm’ce Conceat retion and specifilelity of
Choline Ester-S nuttmﬁ MyMﬂ»g, Arch, .Bioc,mm. 2;,;111.—126 1959,

LB Cohezz, J .;, Boshes, L. 23‘, and Snider,- Fo Ba1 ﬁlectrommefpnalo-
grap’a.ic Chfmgx.a Following Retrolental Fi}::rgpm@ia, ,Electmenp@ph. clin..
ﬁwmhysiel 13:914-922, 1561, | - )

3,. Caa;;, &w H.; Walker, 3. H., ami mm«, M. Le: A Cytologicsl ;si;uéy |
(o ‘;'i'rm nwmnal M‘.royhy in the Ca’c and :.\auw.., s J. Comp. Neurol. _9‘4’4‘:26' -
o2, 1951. | | .

ki, Gﬁoé&m&ng L.t x.fi‘rs.czta of Totsl Absence of Functlon on the Op‘cic |
:.-.uyauem of Raobits, Amer. J. ?by.»iol‘ 100! 46»63, 1932.
‘ 8. H@ 88, A.. Opmc Centers and Padma_,r., ai‘tw Zye Removal in Fetald
Guinea Pig, J. Comp. Feurol. 109:91-110, 1‘5”513,

6. ﬁu:;el...e, G. B.: Histochemical nmfcmnﬁaﬁm of Types of

' {Zhalimmera;se and 'l"heix* Lcouiiz&tions in T..\awes of the Cat,
J Pharmscol, .u}& 153=-179, 1950. ' | | |

Te wc.h I}” Rosg:nweiw M. n.', and Bennett, E. L.:  Blfects of*
.ﬁzswimmmml Commemty and Tralning ou Brain Chemigt c.sry, J. coup.
plws;i@l‘ Psychole §31509-519, 1‘960.

‘3; ::(rc.c,h, D.; Rozenz wmm M. i:i.', and Bennem; B L;z Interhemis-

wherice Eflsots of Cortical i:ewicns on Era:u.m Biochem try, Sciance

9. “{rccm, 3)., macn«mig, M. z\., and mmutt, ¥, L.y Relaticns
u&ﬁwmn Brein Cmmistry emcl Prabl@m-oolv:mw srong fete Mwed in In-
,rim.,ci and .&npovmri.;mea anir ents s do comp. ph,y siol. Pesycho:.. 55 Ds

1562, in 1;2'@55@



«ld=

10, Lindoexr, I., and Umrath, K. ngr’éinﬁerng,sn der Sehsphiire I und II ‘
:iv\ ihrcm mno.;u;aren und bm kularen Tell nach Exst rpa.uiovz ¢ines Au'fﬁo
bein ﬁeninchea, aauxscne Zeitschr. F rvenchlkunde, 172:5954525, 1455,

-ll. hachmanﬁun, D., and ﬁathenberg, M.AL atuuieﬁ on Chol.nesferase I.
On the Specificity of the Lnayme in Berve Tis sue J. nio;. Cren.

12. crd,'g. G., éhd Thotpeon, . H. S.:  The Distribution of Choline
eaterése Types in ﬁammali&ﬁ Tissue, Dlochm. J.‘h6:3h6«352, 1950;

13 Poaenuuci g, Mv B.: Mechanlsms of Zeeing: The Role of the Brain,

'4payer preﬁanted st Internaticnel Congress on Techuolegy end Blindness,

Hew Yorx City, June 19, 1962.

-

b, Sosenmweig, M a., Krech, D., and PZernnett, E. L.: Hrain Enzynes

.ana aﬁﬂhtLVS behavxuur, in Ciba Foundation Symposium on the Heurologlesl

 Basis of 2eh¢VIour, London, J. end A. Churchill, pp. 337-353, 1998.

iﬁs:.aosenmweig, M. R.; Krech, D., and Bemnett, . L.: Effects of
Env;ronmenuai Cémpiexzily and Training, Fed. PFroc. 21.3%3, 1962,

16. Rosenzwelg, M. H.; Kvech, D., hb“MCtt, E. L., end Diemond, M. C.:-
Effects of Envifenmentai Complexity and Training on Zrain Chcmistry and

Anstomy: A Muv¢ic&§;on and &lucﬁbion, Je comg . shysiol. Psy;ho*.

.

]

A

‘ 55 :).g.f.:v;}w34‘.3?, 1952.

o

&',_'Tsaﬂg,'Y.: Vl"“al Centers 1a d.&ﬂuca u“tu, J. Cqmg. Hour,”

v

66,.44.1-261, 1937.



Fi@. lQQS&mples:of tﬁe'?iaual and Somesthetic Cortex used in the
experiments., Port A shows ¢ dorsal view of the dissected rat brain with
the calibrated plastic T-square used to guilde the dlasection. Part B
shows transversé gections of the dissected brain, taken through the mid~
6ié of the Somesthetic and ihe anterior 1lmit of the Visual somples.

: _Part C presents th#ee*fala enlargenents (note change in scale) of dorsal
portions. of the.sections in B to show how accurstely iat ccrtex.csn be
pecled from the‘underiyﬁng wﬁite natter by the technicue of gross diszecs
tian-gsé&'in our labbratory. ﬁlso>presen%ed.in C are sections through
the samgias of‘aoriex used in th§ analyses. The sections were stained
&ccoxﬁingvta‘w1h&1@'s modification of Hissl's method. e wieh to thﬁnk
Dr. HMarian C. Diamond, of ﬁhﬁ Degpartment of Apatomy, who prepared these

sections.



Figa i‘«:»fs:%igmm of tlosue L:wgm% e:z:;grésmci Xl pﬁréez'zmgﬁs of tho
ﬁ{:.z*zm:@onﬁiégg 3-5CT velwes. The wEan E:”a-:ﬁ? valve for each brain secticn
in each ezporisant 5..3 tn‘mr;v BE sm per ocnb, zm& the vaiu@.é of the other
wg,,mkmmzi grmzuez ave ééx'mwz;@ in mmm of “é.hﬁ.é standand, I“cw the
BIC ond B-BOT conditiocns , duta are avéi;aiﬁia from both ex‘ggxerﬁn@ms , £nd

the figure allows one to see the correspondencs of the results of the

twn enperizents.



.‘A,.,_,_A_...“

Fige 3=-Chollnpstorase activilty of tiscue sammples exprocned &b
percenteges of the corresponding S5-FUT woliuss, oomsiructed sccording to

the conventions used in Fig. 2. Total cholinesterase setivity ie chown

in every case except the G/8 ratio which, as ezplsined in the text, is

based on opecific activity of cuolinesterase.
L ;sx |

t
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