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OCT .2 2 1'962 · .. 
{Synopsis-abstract) 

li:i'i'EC'.rS OJ' C~ ·ENVIaom4EN'.r ADD BLINDNESS 

ON RA'.r BRAIN 

An Experiment 1n Replleate 

D. Krech, Ph.D.; M. R. Bosenzweig, Ph.D. and E. L. Eennett, l?b..D. 
\ 

Comparing brains o.f blinded and sit:hted rats rai.sed in a complex 

environment with those of blinded and sighted littermtes raised. 1n iso­

lation, ve found these l"esults; (l) For both blinded and oighted ani-

malJJ. an enriched env:ironillOnt incrensed cerebral cortex weight .snd 

(activity leyels of total cholinesterase throughout the brain and lowered 
<). 

the eortic.al subcortical ratio of cholinesteraso activity par unit of ... 
weight (C/S ratio); {2) m.1ndin3 lowered brain \ie1eht ex~ept at the 

somesthet1c cortex, lowered cholinesterase activity except in the visual . 

end &o.mesthetic regions, tind raised the C/S ratio• 

Hypotheses arc proposed to explain the finding that enriched experi· 

ence otfecta the visual cortex of the blinded rat and that blinding 

. causes increased cholinesterase activity in Visual cortex And increased 

. . ve18ht and cllolinest.erase acti v1.ty in someGthetic cortex. 
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lUFFECTS 01 CQ~. Em'IROI."i.re:r:te AND DT..L.~EOO 
! 
/ · on fM D.tilA.nt 

An Er-uerim$nt 1n Uepl1cato . 
l 

E-arly oUn®&ss or· peripheral orie;in h£:t$ bean show to influence 
' . ' •3 if. .F /li /? 
.the cltemi..Gtry erA. tma.t~ of the brain.·' ' ··· 1 

· 
1· -'- ·Results ot a~ 

ot ~.xr expen~ta have ~ested that the cerebral :cf!'ectG o:t blindinG 

· ~t be overccirue1 1n ~"'11 at least; 'by SUita.ble' l'r®·GmG of stitru..lation 
I 

and~~. T'aese e~1'¢l:'imentts•·bascd on mt'ildio:s with ai:( different 

&trains of rats tmd ~l.oY.illS a numi::cr ¢f rerA)lioationa-.. haw consistently 

· ~~O"~J. ~t sisnlficcnt ~G can be induced 1n the bi.o~etry and 

mor,phology of tba brain ot tile rat by V&r"Jins the cor.!,Plu1ty of ~ 

i
' ' ·. ' :t:::?J. ~~~- //,.. env ronme:1t. · . ·· · · 

· · '!r'llt! main ocre'bx'al effec·t& of dU'fer¢ntial enviro~nt arc these• 

(l) The cortical weia,.~t of animals raised :trom. weaning 1n an enriched 

environment .(th0 Eu:vironmenUll C~JAmity and frain1ns-·ECT-·•.Ch."'~P) 1$ 

aQout 5 !)Or cent si'e&tc:r than that ot l1tteraate f'dlima.l.D raioed in Wl 
. . 

' ' 

little dit:1'erence betvoen srwr.ltl in the wight of the rest of the 

brain.\'"'-: (2) ~ total. ch.oline9tortlSG' ;(~hE) oot:lVit)" ot ~e ECT e..'limal 

is about 3 'i)er cant areater than tbat of his :tc, l1ttermte in beth col" ... 

U'lt twd. au~o~.:~~~ '(3.) . Since co.-t1c:al \J~!ght lihova a £l"E'ater in• · 

crcoo-e t!.l.an does t.ot&l Cl'JS ~t1vity1 CbE ac·tivity l,>er u..'11t of tisilue . 

w14Jht ($pecif'ic Che Gct1vity) clG~oroatles 'utth E>:T Q.t the ·cortex. In the 

rest ot t.b.e brain, since ~· rit;C ot total Cb.E activity ta· not ~cecm~o.­

riied by a ~e in we1ght, s~c:U'ic Cb'E actiVity .f!qG..! with'&~~. Ae a 

conae~tJJ!ince ot' these tw opPosite ef'i'oete, the ratio ot opecii*ic: Crill 

\ 
\ 
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· activity in sa:npl~s of the viSlial snd. somesthetic cortices to that i.rl 
. .. ' . . . . . 

the. subcorte~ 'is 'tom1d to be about 6 per cent lowr in the EC1' animals 
' . . 

than. in thefr IC, littermaters.1;> Tl.Us ratio :ta ,:arerred to ~'the corti ... 
' l' 

·~.·caljsubc.ortical..or C/S r~tio. The ro.t~o::: for dif:fereut ex:perimentaJ. 

groups hz:lve b~cn found. to beal:" the asru.e relation941pa whether they are 1 

e.>;.pressed in. tenil.s of tiss-1.1.e w-eight or in ter.ns of protein content. 
\ . . . . . 

'l"zlcse tbl.~ mea.zurablc ef:rects of . a verJ generalized cnnch-ed. e:-..-pcrience 

upon· brain \te hs.ve referrod to as tho ECT c:ff'ects. ~1111e the ECT cf .. 

fects are . similar. in di1·ec:t1on in the dif:rerent cortical ~u-eas 1 they are 

mozt strildngly obs~rvablc in too Visual Coreex.15 

~!e designed the present e;...-.perimcnte (in 0~ continuing work on the 

relations bet-ween com,pleJdty ot e-xperience end brain modifications) to . . 

study ttro questions: (1) . now peripheral blinding interact~ uith e't'­

fects of experience f.ll'ld (2) What.~er cerebral' effects o1: bllnd!'leSB'.COJ'l .. 

oo compensated for by ~'J)erience in other sensory mod.alities. ' 

PRoCEDURES 

' . 

Subtect~ and BehaVioral Conditi~ 

days of age). The three a.nimala of a .litter were assigned as' follows: 

.... ·one to the ·sighted ECT Group (S..;ECT), one .to the blinded ECT g:rotlJ)·. 

(:a":"ECT) and one to the ~iinded IC &""Cup (B-lC). Blinding vas done by 

emlcl~ation m'lder ether anesthesia o~ the day of vu&ning.- The· nssigl1-
/ . ' . ' .•' 

~t1t vas at random with the restrictiOl'l that· the ~an. va1c..mts of. the 

'' 
<, 

: ·~. 
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Fig. l 
about here 

.I -3-

The EC.~ condition ·~s been deGe:r1bcd previou.sly.T In brief, the 

animals ,.;ere housed in groups of about ten in large hardwre cloth cages 

provided vith n-ooden ••toys:· Except for the ti:rst few days after enu ... 

cleation, blind and .eis,h.ted ECT 11ttermate~;~ 11ved. in the same cage. 

E\'"ery day the ECT s.nimals ve~ put 1n a Hcbb-Uilliam.s maze, and the ~t­

tern of barriers vas changed daily. Beginning nt about f1fty .. f1ve. days 

of age, they were trained successively in the Lashley III maze, tha 

De.shiell maze) and ~e tu--ech Hypothesis Appa.mtus. All ECT animals 

·showed. a hish .level of activity. and social interaction, with the blind 

m1.ma.ls being somewllt!l.t :more active. 

Th~ lC animals '<~rore housed i.~di'llidu~>uly in cnges vith solid walls, 

and. they received a I!dnimum of environmental stimulation and hlmdJ.ine. 

\ . ' ' 

AU animals b:ld. food &"ld water ad.. lib. 
, I 

Sacrifice and Dissecticn'of Brain 
---~=-;;...--. __,.._. ------ - .......-..;= 

' . 
All ar.itmls ve:re sacrificed on the se.-ne dey ilt about 103 days of 

.. s.se~. The ro.ts Vel"(; deli~ted to the. chemical laboratory with code n'l.lm­

bers ·that . did not· reveal to t-ihich group they belo:nged..o The killing or .. 

der t<."a.S arranged so that animals of' ~ litter ~rere tsken as a block; 
. ~ 

\dthin each litter the order ws randomized ea to experi.mental group. 

Eech animal was decapitated. and the 'brain sam.91em were removed by gross 

dissection. . To provide for relatively rapid di'saection into a sm:lll num-
. . . . ~ 

ber Of. l"egith'1S~ thea brain 't19.G diVided into seven parts by the foll0111"ing 

proccd\tres: . After +~val o~ the. enlvari~~· a specielly designed $1a.­

ture :plastic T-square .'tla$ pleced on the brain to delimit the· saraples to . 

·be removed from. the Visual and eomesthetic areas of the eortex (£leE} 
. . . . 

Fi~. lA). T'ne boundaries ot· each ·.cortical section '\Yere first· 

- 4 
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· peeled free of the\white matter. In rat brain, comx C&l be separated 

rather clean:cy fro::A the underlyil'J.S white Wl.ttel" in thia way1 . ils Fig. lC 
. ·. ' f . . ' . 

. illti.str&.ies. After the Visual and· Somestbctie samples had been taken, 

the Remain~ . Dorsal Cortex vas removed. by going out to th~ ta:mporal 

r~de(!< otthe skull. · (Tb.e des1enstions of.tlie.ti~sua·samples will be 

ctr.pit~ized throughout to make clear that t«e are 1·ef'errine to the ope-
. . . 

ci&l ~amplea as defined. here •) Next a fcn.o:'t.b. ssmple vas taken, includ-

referr¢d to as Ventral Cortex. 
i 

Tb.e dorsal aspects of the · su..:perior 

coillculi &'"ld. of the ir.ferlor collicul.i -were then re:n.oved separately. 

Th~ :remainder ot' the 'brain, il'lcluding the oli'act,,:-;ry bulbs 1 the cerebcl· . 

. lum and medulla { transected just behind. the. c~:rebellt.Un), nas .taken . aa 

the last. s~le. T.nis sl3l11.).)le, plus the colliculi, 'Will co referred .to 

0.5 per cent on a projection semi-m:f.e.ro bal.once (Sal"'tol'ius Selecta). 

single brai.~ toal:z leas than fifteen minutes •. 

. Some variability of the .loeation and size ot the tissue S$l!Tz.>lcs. is 

~o.voidnble,r in spite of stcndard:l~at1on of the procedures ot d~o.Gection 

and the lqng leX?erience Crf the technician. Since. the dissection ie nO.t'le· 
1 . 

in a rcndomi~ed 'ordar itl 1mich the animalG ca.r .. not be identified. as to ex­
/ 

perimental group, aue..lJ. varin'bili ty can sel"V'e only to ~t-~enuate the 
. \ · .. 

,• \ 

- ~ ·. 
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cons¢:rv~t1 ve indicatior...s ; ot tthe effects tMt actu.'llly occur • 

Cho11ncrterri.se . (CbE). ~ctivi ty ot the St>.nples v.:ts mea:r1.1.red by rate 

ot hydl·olys1s of acetylchoJ.it'lt;l in an au.tau"lD.tic t1tra.tor1 a.s previously 

.Jl llt 
loi.escribed.. · 

. CbE) ru1d l;utyrylcholinestcrass (''pseudo1
' CbE), l1ut, t!S: ve have sho\m pre­

ViOU$1:;, 
14 . at J.east 95 ;po:r cont of our measure is s.cet;y1choli.llest~r~lse. 

In f\ri'ther testa we ha.ve found that· this is tru.e of ell the pz:.rte of the 

iu t:l;J.e brain has also been sho'fm by lll,."'l.n;{ other.u: inc.ludL."lg nacl:mumaohl1 

. • . . 11 ' 1 6 ~ 
a."ld. .~.1othcnbers, Aus®tL"lsson, Koelle; Ord and. Thompson • 

l) !~st. or the effects of differential e~~erience and of blindins 

lml"e in the e:r.pectc.<.:d diraction and replication -v~ould. .increase confidence 

·in them. 

:S.ncx·casc-o in total ChE ·actiVity in the VisU3.l and .Som.est..ltetic Corticos 

and iu veight' of the( &~sthctic Cortex--and :replic.:ltion wz.s essential 

3) The de~ig:n of Ex,PCriment T\.;o added a fourth group (sighted IC) 

~·o th~t · the o:N'ects ot differential environment &.nd. of 'blinding could be 

\ 
\ 
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·yielded more significMt ·results, probably because of its more complete 

/ 

.·· ~ubj~~ !!!!! 13ehaviorn:.l Conditions 

In Experiment T\;o~ eleven ·Sets of 1nu1e. quadruplets of the Derkeley 

s1 strain were uaed. The four animnls from each litter were distributed 

· 1n ID:J.)er.i!llcnt One • · ·. $-ECT, B-ECT,. S-IC and :B-IC • 

.Sacrifice arid Dissec.tion of Erain 

..;;..;.;;;;,.;;.;.;;.==.;;.. - ,._.~ ----

. In order to make ·sure that the. technic:1an dissecting. the brain sam­

ples· '\would not know whether a particular animalt.:.we..e sighted or blind, 

Since .this mig.~t lead to :sozr.e unconsci9US bias in the. dissection, the 

· following :precautionary procedure was aQ.ded: One person deca:pi tatcd the 

animal and then placed s :Jtl~i:t> of ao.heoive over the eye region be:fol:'e 

giving the head to the person ,,rho did the dissection. 
' ' 

Inadvertently" sl!ll!l.ller SG!:Aples of the ccllicul1 y_rere removed 1n 

. ·this e~:periment' th!>.n in the pre·vipus cne, but it '-rill be seen in Results 
' ' ·\ 

that this did ]lOt alter tb.e findings. Otherwise, all procedures ~~re as 

'descri b.ed for· E.xperirrlfe!nt C'ne. 

All a.nalytfcal procedures \1ere, as described for !~xperlment One. 

Th.e '-:eight data for Experiment One and. T'"W·;:"~ are :p:r"esented. in 

T<ible:s 1 Md 2, res:pectively; the C"'uE t'tata, in Ta'bles 3 and 4. Also in-

eluded in thene tables are tests of siv1ificance. In Experiment TVo, 

"t-Jhere amd.yois of var~ence could. test fOl."' interactions 'bet-vteen effects 

of blinding and effects ot experience, no significant ·interactions were 

found. T'nerefore, it "'till not be necessary to toke up effects 9f 

/ 
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'blinding separately among: ECT and IC grou~s. J:l'or the same reason, 

effectz of exp~rience need not.be di$CUSsed Sepmrately for the blinded 

.S.i'l\1 sighted ani.."l.!llS • 

Comparison of the effects of blinding nnd of restricting e>~crience 

011 tissue vcights in r10th e::q;erimcmts can be mo.de vitl'.l. the ald of ltie;. 2. 

Il"l conetr.:~.cting Flg. 2, we took the S-ECT. values or each experiment aa 

100 per cent, and. the Values of the other groups a:re given in relation 

.Table l Tb.e freight results of Experix;;.ent One are conl'iroed and extended. by 

, Fig. 2 about 

here. leads to greater cortlc:!!l treight :ror both si(;;htt:d el1d blind. anitwls. · 

Thus the typiclll .ECT ~i'fc-c·Lon cortical vreigltt is found among t!:.e 

blinded M we.ll. <':l.S exr.r..mg t.:he sighted cm:LmD.lS •. 

At· the f3uperior Coll.1culi ;e:he vleiu;hts of the ECT O'l:l:i...tnals ru~e goner-

ally greater than those of thE:! !C unimals in both ex:pel'imcnts. The t!.l£ .. 

feret~.ces nttain the .10 level of' sign.ificence in either e:.;::peri?fiPnt talkcrn 

elc:ne; when the reeulta of the two ~.:~peri.m.ent's are combL"'led, this ECT 

effect reaches the .• 01 l~·lreL At the Inferior CoU1culus the resvJ.ta. of 

neither experiment; -taren scpara.tely; are significru1t/but vhcn the re·· 

aults of. both e:q)e:rir:~ents are c:ombS.ned, tl1e I::C'f effect is again 

Jld; tb.e· Subcortex no c::or~sistent differenci!'S were found between ECT 

and. IC &"Toups • 

•/ 
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For both experiments th.e weight of the total brain of e::;.ch ECT 

grouy exceeds that of' the comr;arable IC £1'0Up 1 b".lt in neither cx:veri~nt 

ecce this increase reach atlE~t1st1c&l s:tcnif'i<:a.nca. In the combined clata. 

:?"com. the two experiments, the ECT value e1:ce~d.s the !C value· in t·Henty ... 

one of the thirty-three casez (P <.10) • 

. b) I.n bctch e:.lr;'le:rime:nts blinding le~as to a drop in the cortical 

hea'\;'i.er So:m.er.:::thetic Cortices is not onl~ .. rc:;:>lico:t.ecl in Experiment 'i'wo 

. but no,.r reaches st~tistic:al si&'l'1if1cence. (l~otc i.n Fie. 2 that only for 

; 
I 

. '- At the 1r..id.brain the ~\U:fiGl"'ior Collicu.li sltO"Yi an mpo:rtont shr:l"lk&ge 

Collic:u,U, are eull1tory, il1 functlon aYJd. 'thus offer a control for t.he 

Superior ColliculL :N'o consistent or s1gni:ficf':..rtt of:tects of' blinding 

' are found· in the ln.fC'rior Colliculi •. 

irl!~ortical weights of' the bli11d.ed ::--.n.1~1.s in the first experiment 

c1J:::>c:ras.l3e in su.bco:ttical -weight of ·the blind.ed c.nim9.ls reache·:s 

statintical significance (}1 <.05). 

Hith .blit'.lding lead:1l1g to lovier 't>teig,b.ts of'. both cortex nnd cu1:;cortex.; 

it ·of course ~sults in a· uccrel-)se in. the \-tc:tcht of the -\.tlol.e. brain. 1n 

E;gperiment One this c.tecreo.se did not attnilt signif'1ca.nce. In lli:p£.>rimcnt 
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Tv1o, al.thoutcll this decrease amounts to only 2.3 per cent, it is highly 

consistent and s1,gn:U'icnnt (p <.01}. 

!kra.in we.ight data ho.ve ·been ste'ted hk're in absolute terms. It they 

are expressed. L'"l relation· to body we1@lt 1 then the ci'fects of experience 

beco."'O. more pronounced, t~1ile the ef:f'€!cts due to ·olinding remain un-

· chaneed. This is so t'ecause, althour,h the 1nit1G.l weights of the litter-
\ 

mat'.:! groups vere equate<!, the terminal 'bod~{ 't!teieb.ta ct each IC group nre 

about 8 per cent ~reater than those of their comr..arable EC«.r littel'l!'.ates. 

·This agrees With the results o:f our preVious C:l..'J?e:l:'iments and :ta probably 

due to the rela;tive inactivity of the isolated a..."limals •. The blind 

8J:'OUl':lB, on the contrary, do not show consistent · dif:f'ereJ.'lces in body 

~<Ol~"".'este:r~...!'! ·. 

The ChE ds:te:a a..--e :presented in ~ables 3 und 2,. and at\:) sho'i:~ graphic-

' ally in Fig. 3· Included. in the ·tables e.re t.b.e results of sta/cistical 

tests". Again ·there tv'a.q no sign:lfiea:r.tt inte:racti·:m bet-ween . effects of 

'blindi~g e.nd et'i'ects of experience • 

prd~erly be tested only between the B-ECT and. .B ... IC groupe, and as can be 
,\ . 

seen from 11\=tble 3, no consistent difference of total. ChE activity 

l!CT f.l'!'OUP haa greater total ChE than the coraparable IC gl~oup in seven­

/teen of t1w eighteen cor:r.(.~ar.iaons thut can be :tn$.de. At the VisuGl 
1). 

Corte.:.<,. Th;main.ing Dorsal Col"tex, Superior Colliculus, Total Cortex; 

\ 
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Subcortex and Totf.l'.J. ·Brain,· the differences in favor of the EC~ groups 

attain statistiea~ significance. 
/ 

/ 

IC groups,{ as has typically been found in our 'J)l"e\tious studies. · 

b) CO"Jl,PF.lring the blinded.:!.!!· the. sighted :;.n1rr.s.la, we sea tho.t for 

both tbe Visr0.a1 and the ScrJ:~sthetic Cortices the blin.:ted anir.:als have 

the higher vu1uee of total C~ activity. These differr~ncea, which 'W'ero . 

o:--;pel·imcnt seem to be reli.able,. reJ?eo.to.ble e:t'focta. Tl.1e total ChE s.cti v ... 

in the So.'lle~thetic, Corte:.<. In the rest of the corte;:-: thG blinded ani-

In bot.b. experiments the Superiot· Colliculi show l~.rge ar;d aignifi ... 

cant drops in total CbE ~nth ·olindness ... ··23 tJCr cent in E:JI~riment One 

and. 22 per cent in E1"pe:rimr;:mt 'l"\Jo.. The drop in total Ch.E <lctivity is 

:oor~visuu~ In:feriol" Collic:ulus sno·i:l's no consistent chn..'1gcs. of 't;.otal C1'l.E 

· there e. signific<.mt ef'fcct of biinding on the tota.l Cb.E of the .Subcort-ex • 

/ 
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Finally, bl:!.ndin~ is seen to raise the C /S rettio aigr.ifics..t').tly in 

· Tb.us the effects ot blinding on ChE e.ctivlty .in all brain .areas 

except the ViEr.lal end Somesthetic Cortices a:re simle.r to the effects. of 
) 

x·cstricting experience. 

tiona tlw:~ initiated these ex::~erm.:mts. HQt only the l'atten1 but also 

the magnitude of the ECT d'fects umong th(:: blinded. "mimal3 ere similar 

to t.hose found. nrr:.onc; sizhted .· e..ni:mal:~. Of .srccial interest is the find-
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total cortical· wi.ght of the blinded EC~ · an:hOO.l . is higher than that of 

the. sighted IC animtal; · the total cortical ChE activity of the blinC!,cd . '. 

., . 

· rat16 oi' the Clinded Eel' .. a.nims.l is practically identical. with t.llAt of 

the slghwd. IC animals ( .410 vs. :4u) ~ ~e.se rea~ts imply that a 
'· . . . 

blinded animal raised in an .enriched envti-o:nment might be at least ·as 
' ' t \ . . 

efficient in ~olvi.n,& nonviswU. problEmS as a sighted. an1m£U raised in an 
. . . i . 

impoverished envi'X'Onment. 

On three meaeu.:t-ea blindneaa he.4 an ~tfect opposite to that o-r 

enVironmentai. impoverishment: Total Cbll: .. actiVit~· of the 'visual Cortex 

tor the bl.tnd IC gro>.tp is alightl.y ~S'le~ than fol .. the $1ghted EC~ 

group! ·And. the· sG.nlJiil is true f'or the total ChE levela OS., the . SOID.Qs~ 

thetie Co:rw.,"t. FinaJ.ly, th~ weight. o£ t!ie Someathetic Cortex ot the 

D-IC group is identical to that of' the B-.EC'l.' ?.n:tmal.e. ::...C·t us first take 
' 

up tho eff'ect on the Vieu.."\1 Cortex. 

He ca.'i. off'eJ;- two speculat:ive e.xplu.no.tion& tor ~ unc:M:pected l"i.Se .· 
• ' t 

in total ChE in the. Visual. Cortex of the blinded emi'IllalS ~ · 

a. The visual cortex r.my be more active than uaual 1n bllnd 'sub­

Jects, and the greater f~ux .. o'i.' impul.ses ma;i lead to increased CbE activ-,. ' . . \ .. 

ity. 1'his posa1b1lity'is supported. by the: finding~ of Cohen, lloshes and ;; 
T ' . ·. I , 

Snider2 that 'blind. cfudretlhave a~normal EEG . ~tteJ.~ J 1t10re then h<il.f · . 
. , . . '. • • ' :0 

. . ' ~ (· 

of the blind cllild:reri · eh~wd. large apilte waves in the occipitall~gicn. 
j'. 

. The® authors neve h;r.potb.esized thnt 1
" .... this abno:rraali ty might be due . 

to the vithd.rawDJ. or afferent volleys from the viGtW.l s;r~tem, lemri.ne; . . . 
too deaf'ferented.· cort.(}x 1n an 'irritative• state••: (p •. 921). · 

) ' 

I 
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· h. Another possibility that we wou.ld. like to :n,tzaest is the 

i"ollow1.na hyji>othesisf ~oms cf the nonehol1na:rg1e synal,)Ges and soma o'f 

th<2 c-alls in the Visual Cortex ·may degenera.tG e.!'tcr blinding, po.rt of' 

·the synapses being repl.aced 'by cholinergic j"Wlct1onG :f'l'om a.djaccnt re­

gi_ona1 · , thUs c:aus·ing a: decl~ease ill 1tc1gb.t . and a. net increase 1n CbE 

activity. 

'I".c.& .:t-ela.t1vely areater deve-lopment of Somesthetic: Cortex runong the 
. ' 

blinded. Wt.'1.'l\.l.e might ·be a eonseq,uenc~ or c~llsat1on for loss of sight 

by greater ~lo~-ment of othel.· sensory modalities. We preau.ma that t~ 

·.on oomesthetic in:formtio:n tll.S.ll did. their zit;l1ted brothers. Greater neu..: 
I . I 

I . . . . . . . 
,· ra.l activity of Sam.e~thetic Cor-tex would then.J.have led to 'both grovth of 

' . 

atr\.lcturo and increased synt.llesis or. the e~~J'U~ relate.d to cholinergic 

syn~ptic tr;;mamisoion. Zae· intel.·pretation that the c'l.lan8es til. ·the So:nes• 

thetic Cot'tex :f'oll.ow:Lng blind:tug vere: due to inerea.se<l functional deiJUlnd 

is strengthened by. the tact that enrichillg the environment produced 

eha.'lges in the sam.~ direction a.s blinding, .raising both the wight and _ 

· tho total CllE activity of the Somcsthatic Corte-.x. 'lh:$.e inter:pl"etntion 
. ' 

is W..so .supported ·by our p1·evioua_ finding that cortical injury in one 

he~:rl.s:phere results in in~reased ChE activity in the contralateral hortli-: 
8 . .· . 

sphere. ~U3 our present rcsi.llta provide concrete evidence for the of .. 

t~n hypothesized .~osi;ibility o:f cex·ebral <.:&..Ipensation for blindin.s· 

SW·i1UU1Y AND GONCLUSIOiiS. 

In the first: of two e~~riJoonta one tna.le ·triplet :from- e.ach of . 
. • ••· !"~ _..,;. ·; .~ •• :· 'f ' . ' . 

· eleven litters .Jot the Berkeley S:t. ·strain of. rat's was· e.ssigncd.. at ·wenn.i.ng 
. , ·r', 

. \ 

/ 



und.er conditions of environmental cOI!lplexity &'l.d. troJ.ning (S-ECT}, 

blil::ded an1ioo.ls e;iven· ~rimental eom:plexity a."ld tro.1n1nc; {B-~1') end 

·blinded anil.aa.ls: kept as isolated controls (B-IC). In the second ex:);>eri­

.. Jilent eleven Gets o:f' quadruplets lfe!'e USed and a fourth gro:u:p was added-- . 

siehted $ni.IINUe' kept 1i1 isolation ( S~IC). All ani1Ilals vere sacritic~d 

arter about, eie;h.ty d!\;1$ 1n these eonditions; and the weiehts and cholin-
\ . . . 

esterase ( Ch.E) · ac:t.i vi ty of e~veral M visions . of the brain -were de term- ' 

1ned.. There. we sooet. az_reenwnt bet"reen the results of E~erimcnto One 

and ~o. The differences typically found bet'WE!en sighted ECT and IC 

. groups in :pr(f!vious · experin:lents vere found between the blind Eei' and IC 

'• 
. ··. gl"oups > ECT anima.is had a) grf!!ater t-?eight of cerebral cortex, b) greater· 1 . 

I . . . . 

total ChE actiVity throueliout the brain, and ci a lowr cortical/sub-cor..: 

tical' ratio o-r CbE activity :per unit of' wie;ht (C/S ratio). 'l'h~se ECT 

effects 1n tho brain$ o~ blinded rats indicated that they could benefit 

tror.1 en:rlched experience. Finding these ei"fects even 1n the visual cor-

tex o:tfers ncv eVidence that the visual cortex participates in nonvisual . 

. ··functions •. 

Blinding lovrered the -weight of Et.ll divisions of the brain exce11t 

the SQmesthetic Cortex •. ;Blind.in5. lowel~ed CltE e.ctivity in all regions 

· ~cept the visual and iloroe!lithctic regionf3• . The C/5 ratio vas raised by 

blinding; this ef!ect summating ~rtth that. of restriction of experience. 

Th~ SUl:lerior collicu.lus shoved marked losses in both total and specific ' . 

CbE o.:tter 'blinding,, a~in indicati."lg the role of the ACh...CbE system in. 
' '· 

the brain. Aitenw.t:ive hypotheses were offered to account tor. the in· 
. -

. ,. c:rellSC 1n .ChE acti\rity il'l the VisUGJ. Cort.ex :rolloll'ing blirld1ng. The 
. ' . . 

' '. 

/ 
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1ncx-caseG in both. weight nnd CbE activity at the Somesthctic Cortex 

follo"tril'lG bliniiina ~-ere lntez:pl""eted. as cerebral CO!:lpensat1on due to 
., , . I 

~tered !'unctional demand .. 

Ps;:tehologr, ~olmsn l!all, .Univel~aity of California, Berkeley, and 

Edward. L. ·Elennctt, ,:J?h.D. 1 . Latn~ence Radiation Laboratory, ,'University of 

California, Berkeley. 
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]'ig. 1-·Si.!;mple~ of the Visual end Somecthetic Co.::cteJ~ used. in the·· 

experiments. 1'art A show~ e. clcrsal view of the dissected rat brain vith 

the calibrate~ ~lastiq T-s1uare used to guide the diasection. ?art B 

shows transverse oecti.ons of the dissected 'brnil'l, taken through the :mi~.i ... 

d.le or the Scmestbetic ru1d. tl1e anterior limit of the Visual srunples . 

Part C :presents thi'ee-fold enlargeracnts (note chane;e in scale) of dorsal 

)';-<Ortimls of the sections in B to sho .. t hov accurately rut cortex cr-.n be 

peeled from the underlyi11g vthi te matter by the ter.:hni<:~ue of gl"OS~l dis sec ... 

tion used in our la.borator-J. Also ;presented in C ttre sections throue):l 

the samples of cortex used in the analyses • rl'bo sections 1.:crc stained 

acco1·-.:Ung. to ~i1ndle w s mO<li:f'icatii::>ll of lUssl ~ s method. \.Je trle!l to t.honlt 

Dr. 1-1ar1an C. Diamo11.d, of the Department of Anatomy; who prepared t;hese 

sections. 
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Fig. 2 ..... 'i·teigh'1~s of tis::r~ ~Q.'o~lee e::lcpl"est:r€d. tl~ perccr~taglf;S oi' the 

ec.:r:r:;es:t,lond.in~ s-ECT v-.:\ltwe. 'rhc ~o.n s ... v.;'f ""lll;u<l't fo!!" eo.ch. brain oecticn 

in e~lch e~'Pcri~.ent 1m tn~<i:<.!'l:l ae 100 l_)6·r c~nt, t:t."ld the v~lues ¢£' th.e other 

e;f,.y~l'l';.\'if·~1tal eT•'UfiS, ~ro er£ll""CSS1.!d u~ tom~ ot~ this Gtao.Cl.!.t.t.""'d. For the 

· .B.;..Ic ent1. Jii .. E,C~ c:ondit1ol:W1 da.ta are av.1;1.ilr.\ttle ft'.oat both ex1)er.1ments, ~md. 

the figure e.ll~vra o:r.;.e to · ~e.e the eorre~~nd!ll-nce o:£ the results of tile 

tv<; eirp~rim~nt$ ~ 
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