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Effects of Environmental Comnlbxity and Training on Brein Chemiatry and -

K K Anauomy~ A Replication end B xten51onl

Mark R. Rosenzwelg, David Krech, Edmurd L. Benpett snd Marien C ‘Diamend

Uhiversity of California, Berkeley,

We reported recentij (Krech,.Roéenzueig, Bennétt, i96¢) thgt.
varying both the.complexity'of the rat's environment and its iraining‘.
leads to changes in the cortical-3ﬁ§cortical dlistribution of the enzyme
choiinesterase (QhE) inlthe_ﬁrain.n.These ChE effects 6f Environmental:
L . Complexity and Training we lebelled the "ECT effects." ' We further ”

) répo:ted at thaﬁ time, that a study was in ﬁrogress to specify'morevpref'
.ciseLy the loci of these eazymic chénges-~both in;the cerebral cortex;and )
- in the rest of ‘the b;ain.‘ In the prégént paper we report £irst onm &
replication.§f the o%iginal experiment, secondly, on new findihgs of"b
jichanges in the anatody as well as in the cﬁemistryjof the brain, and
thirdly, on attempts to specify further the sites of enzymié changés,n
- VETHODS | o
Subjects o
In our previous e7periment 150 animals from six different
_strains\were used. The animals were 75 littermate pairs, one rat of each
pair being randoaly assigned to the ECT condition and itas littermate
being assigned to the Isolated Control condition. Because the ehemical
'analysis in the present eyperimgnt was to be ruch more extensive than

before, the limitations of our facilities made it necessary to use fewer

animals. We the:efore selected for the replication four of the six :
strains: 5,, 83, K, snd RCE. This aelection was determined by the followf

ing consideéeraticns: (g),‘The Sl strain showed'the ECT effects strongly

ot
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end clearly in the original experiment, while the S3 strain, which had_.‘

bteen selectively bred from the same perental stock as had the S strain,

. : : V l .
showed smaller snd less consistent effects. (b) The K strain, descendents

of a cross between the S and S, strains, had'also shown small and rather

1 3

' inconsistcnt EC"’ effects orlginally Since we ere interésted in deter-
mining the generality of the ECT effecus, it vas felt desirable to N

' replicate vork on this strain. (c) 'The RCH sbraia {originslly developed
in our la'boratories for high cortical ChE by Roderieck (1960)) nad shown
pronounced and consistent ECT effects. However, only seven pairs of
animals had been used, and we %therefore thought it desirable to ~:repil.:i.ca‘te _
thé expexriment with this strein. (d) Tae two strains omitted from the_
i‘eplicatigﬁ are the RDH and RDL strains—;both of which had sﬁown stiong
ECT effects previouslj and. wiiich had seen repreqen’ced by a total of 19

|
pairs of animals. All the animals of the origina.l and replication experi-

ments’ 'to be compared were males. _ ( In the original experiment one gxoup of o

S; females had also been tested.)

Behavioral Treatment

' " The behavioral procedure wes an exact duplicate of that des~

" cribed in detall in our previous report (Krech et al., 1960). It will
therelore be sum:rized only bi'ief_l&' .h‘ere: At wveening (approximately

the 25th day after birth) one animal of esch pair of littermates was
assigned at random to the ECT condition and the other to the Isolated
Control (IC) condition. The EC® comdition 1ncluded living in a group of
ten aninals in a large cage provided with “toys”, daily hendling by the -
experimenter, daily exploration in the Hebo-W:llliams naze, and some

formal t® waining in the Lashley IIT msze, the Dashiell maze, a.nd the
Krech Hynothesis Appamtus., I‘he Ic animals lived in individnal cages,

.

o under reduced 1111mination, and w.lthout contact or sight of other
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enimals. They had a minimal emount of handling by the expermenters (for

weighing) and o opportunity for exploration or formal training. Both the

" ECT and IC Gnimals had free accegs 10 ‘unlimited sv..pplles of food and .

vieter. The ECT and IC conditions Were m.inte.ined until the tm:imals wexe
gacrificed st about 105 days ef age. :

Chemical Analxsis

The rats were delivered to our enzyme assay lahoratory unaer
code numbers that did not reveal their behaviora.l group. The animals |

vere sacrificed by decapita%ion foll_owing» a pre-arranged order in which

littermates were teken ccnsecut.iv'ély, ‘but with the sequence randomized

as between the ECT ‘and IC member of each pair. The brain was exposed and
dissected into a number of parts blfor chemical analysis. For two of the
straiﬁs (Sl and SB) the '5?&1?13 uez*e d.issected into 15 differem‘; parts .l
For the other itwo s ﬁrains (K end RCH) the breins were dissected into only'

five Aifferent parts .

For the S, end S a.nimals the cortex was divided into four

"1 3
sections and the subcortex into 11 sectiomns. The cortical sections were

a8 ,followa: A smmple of about 25-30 milligrams of tissue was i‘en\oved

from each of the Visusl areas (V) & the two hemispheres. A ssmple of

about 20-25 milligrams was removed from esch 'of the Somesthetic areas (8) -

of both hgmisphezea. The location of these samples is shown in Fig. 1A.

After the removal of the V and S sections, the Remaining Dorsal Cortex |

was 'removed. This area of the cortex extends laterally to beneath the

temporal ridge of the skull, medially to the corpus callesum, posteriorly

to the cerebellum, and anteriorly to the atté,chmant of the olfactory -

bulds. The Ventral Cortex comprised all the remeining cortical and con-

tingmms_ tissue, ircluding sﬁch sreas as cortex 'pixfifprmis,'émygdaioid ‘

pE
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nuclei, hippocampus, dentate gyrus,_cbrtex entorhinalis,'and‘obrpus

: _‘ callosmn (uee Fig. 1B).

‘The” gubcortical sec%iona for the S and 33 animals aére as

follows: The Olfactory-Bulbs were transected at their attachﬁent %o the -

cerebral cortex. The Qlfactory Tub°rC¢os were ouilined by the olfectoxry

tracts laterally the median foreorain bundle dorsally and the mldline

medially, Ane Hy@othalqmus was dissected along the optic tract lateral- |

: ly, the anterior commissure qccussatlon anteriorly, the posterior. aapect
of the mamillary body pos*efloxly, the dorsal boundary was cub on a level

with the anterior commisuure decussation antcriorly, and continued

L posteriorly to intersect the perpendicular cut behind the memillary body.

- The Superior Colliculi and Inferior Colliculi weré represented by tissué

o removed from their dorscl surfaces to a depth of one millime ter (ebout

8ix to geven and fiye to six milligrams, respectively) After the removal -
of the rest of the superlqr colliculus, a two millimeter cylindex was

. bored beneath its former position in oxder to ovtein a midbrain ssmple of

';thé Retlcular Formetion (about seven milligrams) Following tbe removal

- of the cerebral cortex, the paired Caudaue &uclei were removed cuttlng

along tbe medial. and ventral aurface of the corpus callosum, the dorsal
surfsce of the median forebrainm bundle, the 1nte:n&l cepsule posteriorly
end medially, the séptal-area narking the mediél‘border.\ Thglamig&t;aéuev
Lwes reé Tesented by a sample weighing about seven to nine milligrams‘takenr'
.midway Between the antgrior ead posterior thalamus, ventrél to fhe hadben-

uls, n. peraventricularis thalami, end n. parataenialia. The Gerebellum

WBs taken dorsal to all three cerebellar brachii. The Medulle and Poné,
taken 23 a single samnle, wasodissected at the posterior aspect of the
nidbrain sxnteriorly, and the Junction of the medulls with the sp'nal cord o

posteriorly. The 8ample referred to as the Bemainder of ouhﬂortex i
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~consisted of ell brain tissue nct repz*e_sen’c-’ed in the samples described
enove; it mounted to sbout 13 per cent of the entire braln, By veight. '
Vhen the braim W53 dlvich.d into - .1.5 oections, there wos a loes of welgat
due- Lo evenomciom that a;.:.oum:e& to .E‘ive 'co eight per cent dep,naing unon
the embient humildity. Sh';cfe thc_ brai_ng of li’wemtes were elways
'dissected consecutively‘m;d v:i.n th'e saue Way, no systematic difference _
betieen ECT ad IC Asmimals cou.ld ha.ve m;isen Lrom ‘ch:!.s source 62’:‘- Vm'iation;-
Fo the X wd RCH animnls, the four cortice.l sections were taken -
as dencrl.bed ebove 'f'he rest:. of whe brain was analyzed a.s & single unit .
which will henceforth be referred to a3 Subcortex 1z (see Fig. 1B) to
aisnimguiah ;t ZLrom the more inclusive: subcorticg.l_ Bamp;e of our previous
repart w’nicix will be referred to as rSubeo.rtex 1.
- The sections for all four ctrains were chosen g0 &8 to enable
to obcam mesmwés s.c reble to those taken im the pre\'idﬁs ezwrmem‘i |
es vell 8s new measures.l %us our omgin&l cortical aannles, the ¥V snd S
| areas of “'? the cerebral co:'tex, vere dispected exactly as hefcm _ Cuar
origlnel "subcortex” (Subcortex I), the bmm winus the dorsal cm-tex,
ccm.la izw; prec:z.aﬁly recc.;m’aitu»e«l £rea ﬁam;ples describad above. - \‘, o .
Imrddiately after (ufssect.ion th.e weight of-each part t«vés deter-
miaed sccurate to 0.1 miliigram with a "semi-micro™ dimct'i'eading enalyh-
jeal balsnce (Sertorius Selecta) e tissue was frozen quickl.,r on dry |
ice and stored at —200 c. For po bissve- samp.x.e d.id more than 30 minutes '
,el&pse betueen dncspitatim end freezing of the bm,in eecoiou. :
| The scmples wexe assa,yeu fo.. CnE ac*civity withi.n tm meaths
after 'éheir_mmo*ml- extended storage at -20% ¢, does nob seam to'aﬁ‘eéf
ﬁhE ectivity. The anal;rtical procedures, us:!.z:u an automatic tit“ator,, |

have been reporued previously (Rosemmmig, Kx'ech ami Bmmett, l958'b) .

v

~ / N
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T‘aé Chi &c’c:l.ﬁty is ra-porﬁeﬁ eiiher as i:otsﬂ' activi:tv ‘or as :Egcif*‘

. activity. Totel an.tiﬂty iz given in terms of moles aceuylcholme (.@Ch)

b4 3.08 hy&rolyzed per minuteb, Speciflc activity ies &owl actiwt} divided

by the veight of *r.* csue ae;.nple, thet is, moles ACh x 1@1 hydrolyzed per

mifute per mﬂ_u gren of tiss'u.e. Previously we have ueed only this

s;gecif;.c masm'e .

¢

BESULTS

Replicéd;ion ,

-

Chi Vaiuc BT versus IC Cx‘omgs

Toe wean values of specific ChE acbivit \.y for the EC” end IC
.gmu ne of ecach strain aere pvesonued :? n Table 3.. Values ave gz.ven for the
‘Sx,nsox’y Co:ﬂ‘i.e*c (avemge of the ¥ amd 8 are&s), «.Az}x:ort ex I, '&ad‘ for the | T
E ra"c.io of this cortical to this subcortical mcamme«-hhp cs ratiool Zech '
: of these mecasures w&gs de iemin@a as in the pv&vmous experinent. (Iﬁ thet
repors, the "Sa:aaory Cortex" msc*zlled "Dorgal, Cortm:" end "Snbeoﬂ;ex I" _
was c&lle" °""ub*.or+j col Braln. ') In every case the @'m.gine:!. finﬂinaa are .
| replic’:&;‘aed: Each ECR gre\;n saows lower cor’c;.ca]. ChE mc’hﬁviby tn&a the
,cofr&spcu&ing IC group; eagh ECT group shows higher subcoriical C’):E
activlty tmm the IC group; and the ECR gmups&re lower than thé ¢
- groups m the corbical-euo*ortical (¢8) rstio. Tae §iflerences 'Wtwéen
the BT and e groups wera Ammck, Ly analyses of’ varience on peired litter-
'ma{:\»-.s, to be significent in the Sensory Cortax (P = 6,92; £ =1, 38;
Cp< ‘.05), in the Svbeortex I (F = 10.38; 4 af£=1, 38 < .01),'3&6, ‘szs.pm:-
flelly in the C8 rst io (P = 37. 1&9, [ i’ =1, 38; p< .C-Ol) Differem
arOng sﬁreina were also mgaif.o.cmt for all thres ChiE maﬂuras at ‘mtter
- tham the .001 level of coxai’ié;ence, (Swmin differemea hmre anpﬁm»d
consistently iz owr vork.) Wo .sigmificant' _intez‘-@ctiqn betwarer;; ezperf.m@ml

./‘
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’creatmen‘c and strain was fou.nc}. for eny of the three *’easurﬁs. Thus, while
i.Lr, st.ra:xns differ ia absolute lew.'mls of speei {1¢c ChE activit Sy, the_,r all

z—;how the ECT efi’ects’. ‘ Ccmbiniag the results of the orig;im..l anci ube

replica&:s.om experinents, w2 see that che ECT effects have occuxred m.thoz,.t :

.cce")mca in each of ’r.he six stx*a.mo end in each of the ll groupa tested..'

Figure 2, vhich presents the cosbined results for the €8 ratio, -

pe.fmius & graphic comparigon of the original cm:’i replication exp:rmms ,' 

strain by stra.in. Rach mct_e“ Ie 1n the i’igu.-fe rc.pre...ents the dif‘&'e’:ence
in é)a volue ‘mtweon ezﬁ BGT rab ama :5 te IC liti:emwe. - For uhe origmml

experiment the IC value vas higher than the E“‘I’ valus in 37 out of 1&‘”{

caaes,- or in sbout T6 pex "enﬁ, and in ‘the preoenb replicaiion .LZZ. 35 out |

of k2 cases, or in abcu:,w 83 per cent. For both erperin.x.nta ccmﬂ.)inc&, -

ineluding now the gmu.ys noi: replié'&’ced, “the IC walue ms higher then the

©ECY velue in gk out pf .117 paﬁm of &aimls, or about 30 per cont. B |

Qux more ex‘«.erzal.ve chpmic...l aualysis with the prﬂsem replica-
*cion p&mittcu us to N2aure gpecific ChE acoi"ﬂty in more imclua‘s.m

corti:a:i. regicus than the Sensory Cortex. o addibioml cormcsl ROSEUTSS

v v:raz’e macle. (1) “otal Dorsal Cortﬂ:é. This s&mple comg"'isco tne sqmgles S

fmm the visual and. umsthetic aYeas, plws B&mimmg Bo:t:sal ﬁc*’tex, a8

deem*‘bed s.bm*a. (2) mta!. C}'omem "'nie ares includes both Total Dars&l

' Co:frhex and Ventral Co“tex. Fo.?;' these new measures, the ccv’cenr wes 20%

»"ée.mpled" but gl the tissue’ Falling m&er tma definition vae assayed.

Inn Total Dorsal Cortex the ECT enimals had a mean ‘specific ChR va:me cf: '
&wu’v: 68 end the ¢, of u.t:em.t 69; in ‘ibw,l Cortex, tm respective means
wore ahuz,.t 85 snd 8’{. Both differences betvecn groups ,&mxmted to

@p}gm ..mtely two per c«,at. W; mither wav"si@aifimt. ""‘lwzs toe S«ﬁusax’y '

Coxtex, vh.;.ch shcwed a tbmo per cenb- change (B gnifimt 8t tho .05

level), provides the most sensitive corbical index of the EC_‘I’ ef’fect on

PSS
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epolcific ChE ocbivity. | e LT R
| When Total Borse Ccrﬁe_}'; is remeveé, the vest of the bmn iz

what wevh:z«.ve called Szabcqr‘téx i.. ?Tnen Total Cov'tfa'; ip lremw@d;- ‘ch@.
renainder of :thé brain is Sﬂ.hcortex iI. We hmfe a'Ll‘*‘&dJ seen thad in

' Su’scoz*tex i'the ECT .eaixmls h&fm"mgpr cantly gremer ChE &ctlvity v}m.n

'the_. ¢ animals (p< .0L); ’“u:lie dii’ferenée 18 about two per eent. Tn Sub-
- c;:z'i;e;_: IX, the ECY enimals avez"ége 184 axnd the IC, _‘178. ‘ "."‘fhe d.:l.i“fer.enée

| ia ebout three per'cen.\':, aud 1t 18 ‘kﬁgbj.yr sig;aificanﬁ (F = 21086;,' g_i_.’_ =
1, 38-~ p( .GOl). Thﬁé,' Subcortexiﬁ, whiéh e}‘:clis,é;és‘all éorﬁical tissu;e,‘b. '

p?’ovicles the more 8(‘).’!83."61“@ subcortical index of th. ECT effect on

‘ spcc;! f’ic ChE ¢ ctivi‘cy.

While tac inj cﬂrt.icesl meBERre 'i.o give @ »h&..lge that is m

Lt.,eli‘ gigalficant is the Sensovy Cortex, cortiﬂal-subcortical ra'u_ios
- in’r‘oJmno ﬂy of M\e com.ice;l or cabcortical measures differen’a ate éig» ._ .
- mificantly (a6 the ! COl level) be tieen 'u‘:he ECT and IC groups. "‘kmn
v"‘@.g",:m e see the powey of com:.s.cal-aubcor‘bical- ratios :{n discrim‘imting '

" between ECT snd IO onimals. | | | |

Chsuges in Cortical Weight and Totsl ChE Activity |
A 4fp - to now we hsve congidered measnms of s*geﬂi*’i, Ch}".. &ctivi.ty

(dﬁ'&:cmﬁmﬁ fo:: a.u,y sarple by dividing its cow'!. Cb:C activity Ty its |
,we:i.gh’:‘.‘) ) .m this .ﬁzactipn we will be concerned vith. totel CuE ectivity. fcm
sny given :mm»le. v 'mexpectec. results emerged from this mew anelysis:
(a) Tne *ereb ol cor’te‘c iz’ sl@uf.z.camly heavier in the ECT animels thsn
m their IC littersates. (v) ¥nile as foted sbove, ‘the ECT zalmels have
lm"'w specific cun activity in.the cortex t}m do thc Ic, hﬂ ECT & b@nmralu”‘ '
1y have groster totel ChE gctq;v;ty in the co ex ’chrm do the IC.

%%vxghh (‘}:J.m:,es

,V . "‘oto.l brain *&s‘eight fmveals prac»ica.ny 0o d;irfez'ences (lesss than

paa———
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© one per éen‘t) betucen EC’I‘ &z’.&_ IC grouns. This result replicates the
i:f’inding of our 'originsl study Ho"uvevex", coumari sons of welghts of sub~
'secuioz_s of the brain tel]. a8 different .,tory. ‘Ehe braln weight data a.re

© shown in 7 ”ab'ie 2. For eacb. 2 t.he three co%ical measums«-a&nsory Cortex ’

{the suzm of senples from the visual and - sorresi:het:.c rcglons) > L‘oﬁal Borsa.l -

Corxtex, and Totald Cortex—a-the ECT zmima.ls arve about four per cent heavier
- then the IC snim.ls. fml,;raesz of va.ri%nce for 1itternsie p&im show hhai. |
- each of these &fferene«.s is sigm.fs.cant at ‘betier then the .Ol level
| (Sensoxvy Cortgx, F = 8 33, il f = 1, 38; ﬁ‘otal Borsal Corbex, F = 10. 80 |
-'d £ = 1, 38- "I‘b’cal Cortex, ¥ = Alh 5.;; 4t =_l,’ 38)." For the subcortical

'-'.memvms the ECT ghow & &l ight axxd. 9% a.tistica&.l;r mgig’aifica:nt drop in

 welght in comparison with the IC. R |

Zach of "tha analyees of varia.nce for cox'tical emd &uh.orblcal

"weigh‘i. beitg il shw\s algnﬁ Leaut 41 ffereﬁces ﬁﬁmng s‘&;mixzs. The ccu~

perise of ECT ead IC growps mist therefore be made stredn by straim,

. zsin@e i,he ghoolute welsht of the cortex wes determined to o g’maﬁ;@r dergree
by the stm:lm £ the aniusl 'cimn by ‘Lhe condition wndar vhich m-. WAs | L

_.miaea..  Thus for exammple, for suy of the cqrt;.eal mam&x’es,-tm Sl 20 B
group hes & lover weight them the TC groups of the otber thyes ghrains.
iﬁewrtmlgssg, as we have seen,. the ECT rats hove sig;mificmntly ;h‘;im'
cortical waights then their ic litmmtes. Furthermore, since no

: _eﬁ.@mricmt interaction effects were famd betmen experinental tren wat
md smmn, the increace of coxd 1@&1 .%igh“i: as & conseq;xeace of exzﬁmn- '
weatal, ccm, lexity amd training ie’ maml ’ |

"~ The dats of the previous e.cperimsent vere then re-amalyzed to

ermine whether zsimila.r changes in weight hed occxmed in the crigmal

Sl, 53’ K, ‘and RCH grou;ga. Since Ventral Cortex hed not 'been. taken

P

separatbely at thcat time, oaly th:cee weight measures could be considered--—



Bosénzuaig -. , L o | - o e ?&gé- 10 -
Sensory Cortex, Total Do 'sal Co*i:e.., ard Subcortex I. Sena-ory Cortbex wes
‘hesvier by five per cent in the ECT rats (F =15.98; 4 £ = 1 h3, p< OOl) . :
- Potal :Jorsal Cortex was heaviex 1n th° ECT group 'by two per cent (F~ TO,
"Q £ =21, k3; mt sigm.f.e.c&nt) Subcortex I vas ligh’cex' in the ECT bv two
per cent (n 1.89; 4 £ = 1, 1!-3 noc significaut) ‘Thus the ora.gimal ;md
: replicotion g*'oupa ’ where comparisons are posmible 2 showeé genémljy

sdmiLar weigh’c chan@es, the ECT amimals in no‘ch studies havwg heavier

o - cori,icas than the XC group (alhhough the I:orsal Cortex failed to resch

' s'ha'i;iatical sigaificance _in the original experimen’c) snd somewhat lightey
mhcor&ical regiocns. o

f’hmg@s in Total Cholinesterase Ac‘tuity

_ T@ble 3 presente the data on tota:x. ChE activity for six brain
N mgiom. Theze dats indicete that tortal ChE acmvi Ly is m&t@r for the
| PC‘I‘ then f.’or the IC \grmrga in almost every couparison. The _omly mwraala .
in the tsble are seex; in the %xw?ry Cbx’tex for the 83 and K strains. o
vBase& on &U. four strains, total ChE o:[". +he ECT group»exceede that of the
. IC.F group by about one per. cent iu the Bensory Cortex erd by about two per
cent in Totel Doreal qute.x and in Totel Cortex. Home of these éfiffel*- _
ences 1s mﬁtiatic&m eimiﬁcm-a " as deheminﬁd by w.al;wzzes of variance .o
The 'cf":zlvrﬂfa Lor either Bubcorte,: 'E or II are abou‘t two rer cent greater in
the BOT then im the IC group, and these Mfe rences axe s'i;auistieall,/
sigaificent (va”oarbex i, P= T 'i'l, i1 f:= 1,38, p< .01; Subeortex II,
F=538,8f=1, 38, p< .05). The v&luea for Total Braim oxs mﬁ:ﬁu |
for BT thma for IC ‘m the.cm of every stroin, and the overall diifer.- -
ence of two peyr cendh is sigaii‘icamt at the .QL 1evai (r .=.=.8;C6; &L= 1,38')0
81 gnifz.cam caifi‘erences a._m:sg stzm.ims are fowmd for emry Beasure oi’ 'tot’xl
ChE ectivity. ﬂ’espz.t@ these ncrm dm.fferences, the uota:x. enzym:e ach vity
is séerz to be greater for the} ECT .ij.he;n for the IC animls, throughout the

brain.

-
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. The éata of the previocus ehper.s.ment were then scrutinized in -

_this regsrd. Only tw'o comparisons could Ye made, since only Sansory

. Qortex gmud Subicortex I hed bcen an&lyzed chemically in that erperi.ncm;.

The ECT group waz Lound <o h&w sozevwhet higher values thsn «.he IC g,roup

' in bcﬁ*h ‘measures, but the di"fere'aces were onl:f 1.5 per ceni. i'or tma

Beasory Cortex and 0.3 per cent for Su’ccortex 1. While ‘these differences

were in the seme direction as in the present expériment, neither was -

Exploraticiis at. Aaditional Brain Loei
The precent expm imeat, in mdition to z'eplicauim: of the

ori’gim.l, ked as a further objective the more precise spacfmcation of .

_ the sﬁl tes of enzy:rﬁ c ehcsn&ee in the brain related to d:.rfercnces in

»enmz‘onmental corml, exity ana trainizsu among animala.

The ﬁpecs.iszica'tion cea be done at increasmg degrees of ans-

tomical precision: (a) Semraﬁe analyses of orgrns of the braln, e.g. s
. condste nueleus, ccremum, (b) Apalyses of dlstinet subdivisions of
_ ‘crgms of the braim thet can e dis&acted se,ya:"auelyg Cufley mgions of

" the eerebral corbed, dii’femnt thalamic xmc:im, (e) Quentitative h.ssto-

‘chﬁ:micm. mveuti&abiom of dﬁﬁeﬂm{, 'bmin scc.ticma s «a.g. 2 c‘ii.(’mmn%

lwms of th,e cerel Ia.l curtezr.., Techniqms i’or histocamﬂ cal &m.lyms (c

2
above) ere now being elaborsted in our l&bomtories. Results on ccrtain

o subdivisicae of the cerebral cortex (b ahcm—e) heve sircedy been preseated

in the preceding pages. The results to be presemted in the following

section are mostly of amalyses cf seperate organs (a sbove).

- Changes in Subdivisions of Saa?:cortex

Iz the attempt to 1oca.uze the subcortical ECT effecta, the ECT

. and m animals were compered at 11 different parts of . the mxbcortex.

'Ehese parts, it vi.ll be remembared were the olfactory bulbs, olfactory

" p——

~ 7/

-



Rosenzweig . - . S - . oo - ... Pege 12

tubercles , caudete mzcléi, thalsmis s hyroth&]smus , superler collicull,

inferior ~ colliculi, reticular xormt:‘.on, m;:dal‘.a, cevevellun, and & section "

which consis ted of the n.mamin@ subcortical braim tism;e.' Thds ex:&;ens:.ve_

caen.ical araljais im'olviag the Chb onalysis of a to‘cal of 1&1&0 ganples of

brain Uissue vwas mede only for cb.a Sl axnd S.,,1 bﬁmins Fox- reasons which
will soon becone appammt » we decided againqt coxx’cinmng this extenaive
e:»ml:,rs,u.s for the K and RCH stre.ina.

Two gen*ml conclwions ¢aa be &a&m from the d.ata on th~° Foe Lol

aiviaion of the sﬂoc.orﬁ:ex' '

' 1) The pe 'tterns of apecitic UhE ectivity levels for the 11 sub~
cor’b:i cal regions were almost identiecal fcr the ””J. sm& Sq st-aizw Th;i.
ordexr of Cb:. a,ctivi‘hy, from highes‘c to lowest, wae the followipg: olfact-
o?‘:'y' '&.u?wrc).ea 5 oaudsste auclsl, P superiox’ colliculi s remsimler of egbccrtex,
n.c.iculm Torwatlon, \rthalamm, mdﬂ.la,, hypothaiamas, fm,fex“ior ;co,.llcul i,
olfactoxy bulbs and cerebellm. "‘he ccmintea.cy pattern, dcrmite the - .
@ifference betueen the two strains in shsclute ChE sctivity levels, sug-

geots the possibllity that a ChE "mepping” of the subcortex will give us

. . ' . \ '
‘as h-ig,b.'&y gemral" zable resulis as the ChE nsanpiwg exs the eoz‘c&x. ' Fox the

cortex we have Zound (Rosenswelg, zﬁeux, & bemz.eut, 15533, DR 38@-382) a
cavzial-—"‘ostml- gmdieuh of ChE activity for every atrm.n of rat. studif»d.-

W‘a are Row cozmple‘cm in our laboraiory an e‘ctenshm ChE mapning of th@ '

subcortex for six s*l;raiaa. Tuese data w@n. be rapor‘md separately.

2} The sec oﬁc}. findiag was aasentiany a negative one. The EC'E '

animels of both streins showed slightly higher specific ChE eetivity thea

the IC sninmels for almost every one of the 11 subdivisioms of the' mﬁo-—

cortex;, and c\aly in the case of ‘the cegebellm did amy one . :i,.’f“divisioag

taken by itself, how a signi.L '&ca.nt E’CE-»IC uifference for both st?“faims

' For the Sl strain nine of tho ll ECI‘ ra.ts showed a higher cerebellar CbIJ

© ———
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‘activity level than their IC littermetes. For the S3 strain, the cor-

Vrec.pond‘ing numbers were eight out of a,ine. The mean ChE values for the

BCT and IC enimale ware 47.2.¥8. 46.0 Por the S, snd 47.3 vs. k.6 for the

L
33.‘ An enalysie of variance demonstrated the difference to be significsat

(F = 17.55; ¢ £ = 1, 18; and p< .01). Imspection of velght sad total ChE

activity of the cerebellm shmr*d_ that the ECT snimals were abcut two per
cent :Louer in s«:eight and. about two yer cent highexr in total enzyme

e,e‘civity than the IC groupa. ﬂeither of thesedifferences was si@ificamt. '

For ‘me other uen aubdivisionﬂ a5 well, dﬁ.fferem.es between EC‘I’ end IC in

; zr*“’ght a:ad total ChE were nol significant.

Since the ex‘censive'analys:.s of the subcorte:i of the §) and 8,

- eniosds gove li’c. J.e indication of specific 1cca.liaatton of the BECT effect

in the parts atuc?'ied 11:. wes decided ot to procned wlth i.hia tim«-cvmaum-

.e.ng am.lyais for the\ ’( and FCH enimals.

\ . . -

. B.LSJI S108

‘We stated in the Resulis that the ECT ef‘i’ects on specific ChB

o,ctivity b&d been fo*wd withent e:{cepumu in ew."z of the 11 groups t.,sﬁsod

o far, Account should be teken here of one aq,c.n. 3me»1 EECUD =& }pmlm-

ary g;:&map é&éparted in the 1958 Pitteburgh Symposivm (Rosenzwaig, Kizech, &_”

Benmett, 1961)--which eppears to be a partial exception. For this group

of eight pairs of SJ. males, the ECT enimals showed higher cortieal aé well
es higher subcortical ChE velues then their controls. These ECT anmals -

however, had been cempared with comtrol 1it temw:tes which hed not bean

~ isolated, but which hed uvea three to @ cag° end had Been exposed to the o

pormal stimlation of the animnl colow. This socisl con'brol (s¢) < con-

- ateion we hmm sime fov.nd to pmmme valuaa of speciﬁe ChE g@n’**‘aﬂ.ly

int emdia.te between ‘che EsC‘"i and s.C conditione (gee Table 3 ’ Krach, et s.l.

-

~/
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- 1960). Wh;.le in the prelmim&y g:«"ouy of eight pairs the cox”oica.. va.lues

wcre hie,her foxr the ECT ‘ch&n fox the £C rats, the relative d:!.i’femm.e was

- not as great as for the subcqrtics.l va.lues,. end consequently the C8 ratio

- vas agein lower for the BCT than for the £C animals. A reenalysis oi’v_the ‘

dota of this preliminery group sbows that the FCT enimals had higher values

than the Socisl Controls in both veight end totel CLE sctivity of Ssmsory -

.Cor’cex.v Trius, in'rapite' oi’ thé' fect that &ifferences in environment coin-

ple .z:i.ty wvere not great bemeen ECT end SC mupb, 81l the usual ECT ef i’ects

were found with the exception of o decline in specific ChE a:t the cortex.

We .had pointed out in cur original xeport (Krech et sl., 1960)

that ve did not then he.ve any rpasonable hypoths..sis to account’ :Z’cr the i’all
‘:m ap@c:ific ChE ectivity in the Sﬂnsory Cs:n,e:; a8 & consequencc. of v
envirommental complexity 2ud trainisg. ‘Indeed, we had entem@. into the

_' : exwrimwm with tne gxpectatien thaot ﬂyeciﬁc whE a«.tw:i.ty would show

rige both in the subdortical ares (which 1t ai. a) and. in the coxt cal ares
(vhich 1% di@ mot). Thet puzzling ae'b of results has now been mplﬁ.eated‘-
in every deta;l in the present esggfsi‘iment. : Em.»*evgr, with th@ new dé.tzm on
changes ‘m'ccz‘ticaul velght aad totel CHE ectivity, & solution to thé'.
m.zzle is umogesf:cd. | | _ - | _

I‘u will be recallcc. that the ecm feal welght of the BCT anmg_ls '

xs;bm-se" e significunt mt:rease (sbout four per céat) 6’@*&2’ ‘that bi‘ the' e

Tets  Tne total ChE ectivitj of 'i:hﬁ BC¥ mts als0’ ahawed a gaih over

nbair IC iittermotes ; bmt the gam cm.al ChE activity was sligat--&bmzt :

cme or tWo per ceat depemdizsg upoen the ecz'tical area smalyzc.d. This means

~thet the omewed f‘all in ccx"a.acul sp@cii’ic CnB activlty (ChE activity
| per wndt migm) in the EC® rats ves due«-at least in pm--to the fw-t

' _.that thelyr cortic&l mights were Mcr@asmg at & f&s*ter rate than their

totak ChE activity.

P

./
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Thus the p*‘ed.ic*ion made in ou' original paper thet ennronmmt- -

&l stinm.lationvﬁll increase Chl activity in the bram (cortex a3 mll as

sﬁbéortex) secns no;w to be ccn.fi"msd-»if we use total ChE e qur nzéasm“e;
- The _fino:ing th;a.# ‘cor tical wigbt inc*eaaes a8 a cona‘.q_uence of *avima«

.» 'mentﬁ cémpiexity wzs not ant_ic_ipated. Theae two findings, taken to@\.’cher PR

1

suggest thet environuenial cofz@lexity end trainiag resultsa in (a) A S

v aiffc::emial momhologieal \hmgn in the animal'a brain (.’mcreaee in
'cox'tical weight and rel&tiw decreaseualthcuuh sl me;ht--iﬁ subcox'tic,al
welght. ""‘he fact thet this ef fec‘h is differen’cial as ‘b?tmesn cortex e.ud

- subcortex mekes .i. clegr that the ECT effect ‘Jaxmot be ascrmed. to cwem.nl .

| acceleration of brein grovth.) (v) A differentiel biochemical chomge im
the aaimal’s brain . (incre&se in total ChE activity but with the CnE
sctivity in the subcar'tex incre&med whether eypresﬂeci in terms oi’ activity
vper wm. veight e&' total &cbivltj, woeress in the eortex olev the Aatter

" measure shoved a:x‘mcre&ae ) Two adc&i’cional e:amﬁrl.ments r%cn""ty com-

" ’pleted in cur labor(atory offer stroug cmzfirmation of these fu.di.mgs.,

 These esperiments, imrolving diffez‘in,g ECT conditioms, will be mﬁsofi;ed

\

1

later. : | S I
"~ Qur original measuve, . thm s retio (comic&l-stﬁ:cortlcal ratio

o

of speci.fic Chnl activi‘w), cen thus ba seen as & reflection botk_x theg:@‘
- ef*’e\.t.:.‘ I% should be pointed oub that neither of the two primary |
effects (changs in cortical weight or change n totel ChbE activity) cor-
relates Wry highly with t,he CS ratio, mor dces either difi@renti&tﬂ es
cowell bewean ECR and IC gx‘waps as does the CS ratio. For anobheyr thﬂzzg »
the €3 ratio (as will be repa.vted im a)i}a"er study) shows a A7 terent
pattern of coml@’tion vith erz*or scores in pmblem«golv.mg *’chaza do the
two pmrgary ef;fects. R %.e therefore m’cem to uaa all thma mamams xmﬁil
e ' ’

a more rersimenicus resol\xfbioz; »_is _pass;ble.m
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The unexpected finding of a morphological change as conesquance -

.Of' enviroﬁmental complexity end trainiag is as intrigulng as our predic’ce&

Pinding of a blochemicel cheuge We ave mow faced with maixy new 'cr,iestiona. .

"'he measured difference is in 'hhe we%; weigh’c of' tigsve. WYe csmnot tell

~ from these data whether ’uhis TeEns a chan,f,e in volum.. or :m density of the

tissue (or in bb’t.h) It vill aleo be aecessaxy o d,.tez"mine what wmore:

intimate camgea ere i n'*»alved in *Lhe change of wen.gbt. Posagibllities

inclvde incz'eases in the volum of neuz:al cell bodie.a » oi’ neural cell pro-
| :cese,es. or of glial cells,, or mcreaaes iu myelina or im the mscm&ri sabion
; of the tissue. We exe st pree-ent preparing m‘}.‘ énd Ic gmupa whose. braina_
.will be sub,jeqtéd to various mori:}hbllégi‘cal and histblogicul ana,lysaa' in |
) : :

o oan :mitiai attempt to find gaswers in this gew divection of our reseaxch. - -

In showing the significant imcresse in corticel weight of the

R enimals over their IC littermates, we are not implying that abgoluke
~ cortical weight cen be tsken &8 @ correlate of experience oy of ebility
to learn. In this regard 1t is worth pomting out that the Sl emipms,

 which are sxxpezriox" to the & m&mmla in ssveral tests of learaing ability

3
(Rosenzwelg, Krech, & Bemmett, 1960}, are significemtly lighter foell

bralin velght-wensuves then the 83 @imals. Our mmlynes ayre of M&__

_im Qortic&l velght, here cstimated as aﬁcdmt libtcmmte ccnt'mls.

In our previous stuﬁy, we Tound that tm differences in cpecific
Ch% attributable to experimental treatment were mialler, by zeverel |
times, thea the differemces dve to é,ﬂl’&"’?‘ic fectors (ztrain differences).
Tnis Tiprding ie replicated here (sea Table 1): At the Sousory Cortex the
greotest dlfference 'Eetwe’m paired ECT and IQ grbupa cccuxréd'm,the Kv' |
etrain; it wnoax_zted‘ td é.béut_fc_zzzr per cenb. ‘Tne g‘*eat 5% d.iffemnﬂe |
between strains cceurred betmén the S5 and RCH strainr 1t amrmnted o
e.bout/w\vp.er cent. ‘Similai‘ly', at Subcortex I, the greatgat dif‘fereace dws :

L pe——
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'A to pfea‘ci_nent amounted to abcu.tv tw'ovplér éent, vhile the grectest difference
due to gemetic factors amounted to é.bou’“ nine per cen't. Buu agalin, a8 in

" ; :ou.. original study, the prepogd.emnc.e of the gene'bic over the environ-
uental factors is considembly rednced when we use the Cb ratio as the
© index. Eere the grea'cest vdifference between strains wes sbout 15 per
- cend ’(_Si ve. K), ﬁhiie the greatest'_ difi’efezxce due to treatmﬁt emounts
| F' to ebout eight per cent (EC'E? and IC grou*‘ps\ éf"the K strain;) .
| Our génaralization cen now ke extended ¢o brain i&ight (Babile 2)

- and to total ChE (‘I'sble 3) For esch of the weight measures in Table 2,

',the muximun difference due to treatment is lezas uhan the mm:imum d.iffereuce_ o

between atrains.' The predominwce of the genet;c factor is leamst ::spparent o

in the case of the Sensory Cortex where ‘the maximum diCference between
strains is onh e.bput tm.ce as great a2 the maximnm dif:?emme due to
téeatmen’cy With tﬁz‘.e more inclusive end less %rbitrwily défined.cortical\
-areas, the px'edomiszance of the gengtic fécﬁor iz more m::ked; For Totai“&._.

- Dorsal Cortex and '.‘i.‘b’cal Cortex, the genetic factor 1s respémible for

" welght diffezencea seven snd five times as great, rwpectiwly, a8 those
related to experimental treatment. In \.he case of total ChR (‘I‘&'ble 3)

a8 wall, the genetice factor is coms.«.deraﬁly at:mng’ar than the experimnt- '
al treatm,an’c in producing differemces.u For each oi' the me regions

- measured, the maximum &iffe#enee bétﬁmen‘stms‘m is at lesst six times

68 grest es the mastimum difference Beﬁﬁeen ECT and IC groups of s smglé
‘strain. e B .
' - Thus the msults of our original axy_erimn‘c &’xd. he'_fep}icartion.-_
' strongly gupport these two gener&l c@nclwaiw (a) Manimlatmg the
environment of mimls duaring the 80 dajs after we&ning el a,ltz:x' ‘signif- |

icemtly the weig;at of thz eemb"al eortex, %he total ChE aetﬂ,vﬁ;y of the

brain, and the pattern of specific ChE activity (C8 retio). (B) Sfmilsr -

“/
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Footmtes . _

. 1’2‘:3_:.8 investigation was Bupporte& in paz'b ’oy & gxant, M-1292, .
from the Mational Institute of Meatal Health, U. S. Pu,blic Rmsmn Service,
~ end ia port by e great, G-10T41l, from the Hational Science Fowadation. |
Tt also received st support from the u. S. ﬁ;tom:!.c "‘nergy Ccnmﬁissima. The
Zirzt two auihors are members of the Eova.rtmcna. of ngc’nology, E. L. »ezm.tt_
‘is a "{esmarch Biochemist in the Lawrence R&izmion Laborato:w, end Msrizn
C. Dlanomd is a Hmuz’canatom J?a in the leepm*i;mem of Aoatomy.
| Ve wish to thenls Eiromi Morimoto, Merie Eebert and Feiice_ |
- Movich for thelr skid.ed sssiatance in the chenical p:ocedw g, Michael
G. Seslov and Jemes Zolmwn Ffor their conseientious help in the behavioral
éxpéi‘iﬁmat@s emd Carcl Sasloﬁr for her capable aid %ge' Sts.tiﬂtical anplyses.

- 24 Pirst report on. ChB acuivity at ﬁhe d.iﬁ’emnt lzyers of "uhe :
cerebral eortex for \the 81, 83 , RIEH amd BBL stre.ins hes recezat.q been

"p‘*eaem‘*ﬁd (D emond, Dismond, Bemmett, Krech end Rosemsweig, 1961).
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| | Teble 1 |
Mean Specific Cholinesterase Values of

Experimental snd Coutrol Groups®

Seasory = ¢S Ratio

Strain (fa);.‘rs)b . Ecgfom}xc; o sgg;orfchlgd | e m.(,; J,'O,j)xc
5 Soom e 6h.1‘-‘\ 158 - 155 gk w3
83 9 sts st8 1% 155 %5 ;2
kK 12 °~ 579 60.2 . 172 166 - 33T 363
ReR 10 . 61.9 696 - 173 170 392 Mo
A b2 613 629 166 '16_2 | e 389

©A11 ChE values are in moles ACh x 1.010 hydrolymed per minute per m.uligram
of tissue. \ :

,bFor Sl, 82, and K animms, only one pair of rats wes tekea from eny one .
litter. §or RCH snimels, twe of the litters comtributed two palzrs
aplem, vhile the other pairs were.drawn from separate litmxu. Thys
the %2 pairs repragent 40 different litters. :

CChE activity of the sensory cortex was obtained by averag;img the velues
obtoained foxr the samples of the visual and somesthetic regions of the '
cortex. This sensory cortex was referred to &s "Dcrae.l Cortex" in our -
original article.. .

 Ssuncortex I is the brain minus the dorsal cortex. It was referred to 88
"Subcortical Braia” in our criginsl article. ' , -
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Legend for Figure 18
- Pig. JA. A ddagren of the dorsel aspect of thz rat brain
ghowing how the samplés of the viauel srea (V) and of the somesthebic
erea (8) ave &issec%ed, guided by o srall trensperent T-squave.. The V.

end S ssmples together mske up what is labelled "'Sensory Cortex in this

Taper.
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-Legend for Figure 1B .. |

Pig. 1B. A disgremmatic representstion of 8 seggital section

of the rat brain. Total Dorsel Coriex is made up of the V and S‘éections

(telesg oped v’cogetha’:_ in this disgrem) plus the Remaining Dorsel Corbex.

- Totel Cortex is made up of Total Dorsal Cortex plus Ventral Cortex. Sub-
cortax II equals the complete brain (including the cexeballum) minus Total:

Gortex. Subcortex I equals the complete brain (including tie cerebellum)

mizus Total Dorsal Cortex; otherwise stated, Subcortex I izcludes both -

Subcortex II and Ventral Cortex.
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- Iegerd for Figuré‘ 2. . =

‘Pig. 2. Differences in corticsl-subcortical ratio (x 103) of

e;-.écifié cholineétemse. acﬁ_ivity be;twem IC end ECT 'littermatéé » for the .-

Q;“igim znd replication experiments.
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