
,, 

/t') 
'( 

. -~· ... \ 

·.J 

UCRL s3oo 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Dioision, Ext. 5545 

BERKELEY. CALIFORNIA 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



INDIVIDUAL~ STRA.tN!' iiJID AGI!~ DJ1'1•'EREI.:CES IN 

CHOLIHESTER.f..1ill ACTrviTY OF Th"E RAT BR.4!N1 

JUN 1958 
We have previously published data. (ROSENZ?"'E.IG, KRECH an.d BE:NNETT!J 1958) 

rn.sntru. :i.llltel.'.'fersnca -w"i th tha animal t a Gl'lzymic e.cti if.!. ty has .. haen avoid.ad in 
). 

most of our ~""Ork.. Such ffltudic~s~ correlational in naturer; ·depend upm1 

1.. 'I'hi.s reseal"Ch ~1as rne;..de possible by grants fr-om ·t.he Ha:t:i.Q~a} .. 
Sci0nce FouJir.1a"t:::ton ancl the u .. S., Pub1i.c Esa.\th Sernce~ cUid lms also 
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oo..~ gi'ii'en and so :i:'t.. is impo6.3ible w dG~~oo.ne~ tha role of ganet.ie factors 
. ' 



MATERIALS fJ~ METHODS 

colony: Sl> descendants of. too Tcyon Haze ... BrlghjG strain (TRYON, 1929) a.."ld S3::o 

deseencl~nts of the Tcyon P.iaze ... Th.'d.l strain.. It. shouJ..d oo emphas:1.zed that 

considerably from their original statt~~ Scme of the rats whose data a~ 

repor,ed ~ere given behavio'Ul'al tasts p:rior to aaerif'ice, others received 

no such test:Lng<-< In th:i.s 'papar only the biochSmioal and brain treight da.ta 

lrJhen an animal vras ready for chemical analysis, it t:.~ deca;pi t.ate.-d., 

and 40 t.o 5o mg"' of tissue fx•o:m. .tba Visual. and 25 to 35 mg .. from too 

somesthetic areas of the cerebral cortex wera ~oved by gross dissection~ 

Tr...e S&r.1':;)les removed and tr.e uroeedu.N used ar0 described in. detail ~lse:wlie&"e - ~ 

(KRECH~ ROSEfJV~'l:BIG Md BENNF.T'l., 1956; ROSENT.>N"EIG, KHECH and BEN~'ETF, 1958) c, 

'the r-est of the dorsal surface of the cortex Wrull then stripped off !l and the 

romaini:ng brain~ including the olfactor-.t bulbs and the carebellu..m was kept 

t:l"l..e samples ·wero analyzed th!3 day they ware l"emoved, but mol'@ recently tie r..ave 

been fret;~i}:~ ·the sam.ples :r..apidly on block3 of dry· ice and. etorl:ng the:rn at 



by the rate of hydrolysis of &eatylcholine perchlorate (ACh) *' The p:roced'I.U'a 

< of' a.nal;vsis has been ~orted previously (KRECH.~~ ROSE11i7.'\<JJHG and BIDnilEH., 1956; 

HOSENZ't"JEIG.t KRECH cm1 BENNET'!1 ~ 1958)., The CbE acti\1'it.y of the tissue sa~uple 

is ·:reported in tenr.a of :molG::'l ACh x 1olO h;,rdrolyzed per mirut.s per milligram 

of t:lssu0., t·ll:llle this <analysis does not w.stinguish b®twan 3A"'.etylcholinestsrasa 

of homogenatet3 of cortical and. B"<lbeorticml. brtin~ 1~a M.ve used a selecrtivG 

inhibitor of acotylcholineaterase 1~5~bis-(4-trimatnylammoniv~hanyl)pentan~3~one 

diioooit· (BAYLISS C~.nd TODRICK~ 1956~ ELKES and TODRICK~ 195$).. The results 

indicate that less thml 5 pel"' cent of' the activi:ty of ~ tissuE)) llomogenate 

The primacy data thus consi:3t of total brain ue:l.ght a.."ld of three 

measu.res of ChE activity: (1) ChE in too v.I.au~l area of the cortex; (2) ChE 

ChE activ:i.ty .. " Si.ooe high correlatior.S have been coumistently fou...<rAd bet~-een 

ChE aetivlty in various areas of the cerebral cortex (ROSE!I.tztiEIG., KRECH and 



T<f.F.ite 1.~ -- !1EAN, S~~.IUIDAliD DEVIATION_, MID RA\IjGE OF CORTICA'L 

CHOLINESTERASE ACTIVITY; AS A FUNCTION OF AGE., FOR s1 AND s3 S'l'RAINS OF 

RATSf> 

~ SJ 

Mean Maa.n 
Age ChE Ag~ ChE 
in v{~s * in V+S"' 

N Days T s .. n .. Rs..."lge N Days ,- S .. D .. Range 

s 28 49o6 3 .. 49. 44.,9e$4c) 4 29 4$ .. 8 3 .. 63 42 .. 2 ... 51 .. 4 

3 34 55 .. 3 1 .. 19 53 .. 8-56 .. 7 4 32 so .. $ .,8) 49 .. 4 ... $1 .. 6 

8 44 58 .. 4 5 .. 37 48 .. 5 ... 64 .. 8 9 43 57,2 ).,89 54 .. 0e67 .. 6 

9 62 64 .. 2 2~84 61 .. 4 .. 69 .. 2 8 64 56 .. 2 3 .. 15 5J .. 8 ... 63 .. 1 

9 82 6) .. 0 ).,.06 SB .. o-68 .. 4 · 1 81 6o .. 6 4 .. 60 50 .. 6....64 .. 8 

27 96 6Je5 1.~ .. 35 55 .. o ... 75 .. o 14 96 51 .. 1 3"'28 53.,6-65§0 

So 108 650}3 3 .. 95 58 .. 6 ... 72 .. 4 54 llO 59 .. 6 3<>47 52~7-69a0 

56 llB 62 .. 8 3o16 56 .. 2 ... 69.1 

5o 128 64.,4 )o83 52 .. ()-72.,8 41. 126 57 .. 2 3 .. 4$ 51,2.,.63 .. 6 

17 131 60.-0 2o92 55 .. 3...64 .. 6 

1) ll{( 61 .. 8 .3 .. 95 55 .. 0 ... 13 .. 0 6 147 56 .. 5 2 .. lb, 52 .. 4-58<>4 

.3 111 56 .. 7 5 .. 73 so .. o-64 .. 0 

5 245 63 .. 9 .3 .. 06 59 .. 2-68 .. L~ . 6 244 55t>J 21lll4 5l .. J, ... 58 .. o 

ll 260 58 .. 2 5 .. 49 51 .. 0 ... 61 .. 0 

6 370 60~4 1~.;32 55o7...68 .. o 3 376 58 .. 1 2 .. 73 54 .. 2-6o .. l 

2 500 58o5 2 .. 50 56 .. 0...61(>0 6 527 55 .. 0 1 .. 29 SJ..,0-57@0 

-M· Cooli.nastera.ae acts.v.Hiy wc:.s averaged for sa..mplea of v.isub'J~ and aomesttwtie 

regtons of C~Z"ebral t>.orlex. ;;J~r.d :ls S.irpl''~iU3sed in moles AD.h x 1olO h}vdrolyzed 
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Fig., lao .9!?!i~.£!<£~.~~~~~~2! ... :~£?!Jit.!E2 .. ~l,.~~~~~ .. }! ... !~15E~~0!!_!2.L~~G 
Th~ ChE ~!"..:..uea m~e baae:CJ, on an a:f.rere,ga of aEt.TI:;fles oi::rta:l.n.ad from the vit.m&l a.nd ~cm'{)s"lihetic ~~Eil:llas of the 

coa"'tsx* They are ~Gk'Pl"ea~tHi :ln mol~a ACti x lO ... o hydroly<&ed per m:i.nute par mg., of tiasua, · Thl!l :~:mmoor a:i-1 

each point sha~a the xmm.ber of aniraals upon whj_ch tM value is baaed~:~ 



245 S1 ra .. t:m 8l.nd 19.3 S3 l"'ats., In p:reparing the tahl.,e, date. ha:<.rc been grouped. 

togethel .. ~ ill a>1rl.mala sacrificed v.lth:tn a lQ.a.d~y intel"Val of age~ each. 

differ by mora t;J:l .. an 10 par cent 81ld when t,ha:i.r. mellm ChE val.ues did not 

differ significantly at. too 5 p<lr cent level of col.'u'idGne® .. ·\~hen groups 

:region of 100 days., COHN and RICHTER (1956) :reported t.M:l.i ths perut is 

x·each::ld at 60 d~mp but a p21X'aoool communication from Dra COHN 11'1.3.ke3 :tt clear 

that they US{!'>d f~!lf ard.mals older than 60 ~.. Af't®r 100 dlil.)"B our val.uoo 

d.scl.1.ne slo'&Yly and contimu:nwly., subsiding at 500 day-oJ to about t.ha lsvel 

t.hey lw.d at 40 d.as-ra" 



- 6 ... 

significantD indicating that the ~! of th® grmrt.h cu:n·es cannot ba 

distinguishad for the t.wo strsd.ns .. 

The statistic~ on va::ria.bili ty--t.he standard deviation and X'&nge-

roake it possible to eharactertze the variabilit,y among individual rat.a: in 

cortical ChE act.ivity., The relative vm.•iability can be elipressed by too 

~oefficient of variation [v==(lOO s .. D.,)/l:naMJ. itlhen V is computed for each 

of the subgrou.p:s, the average valu~ for ths S1 rats is 5 .. 70 and for the SJ 

ra.tei~ So73.. These coefficient-s indicate that the individual values tend to 

clust0r rather closely .aro~d the means of their groups, tt~o~thirds of -'Ghe 

~r~s hs~ing values that differ by less than 5o7 psr cent from the mean 

of their group.. . 

§ubcor',ical cholinea'te=£SB.!..,~ti~z.. Table 2 presents the dat& for 

subcortical ChE activity for the t"-~ strains ... Subcort:r!cal ChE activity has 

been analyzed only during the past year and a half~ and values are g:tven for 

140 S1 rats g,nd lJS s3 rats, distrl.buted over too age rm1ge of 28 to 131 dayi.~ .. 

Too data were gl"ouped according to age and combined as in the cru:ile of ·too 

cortical ChE data., 

Too ag0 functions of subcortical ChE activity are shot~m in Fig .. 2 .. 

'l'he cuHes :for both strains show rathal."' a harp paaks at about 80 days., Th:i.s 

i3 in keeping with ·the finding reported by several 'trorkers (EL:KES and TODRICK_, 

1955; COID~ and. RICHTER~· 19$6) that subcortical eento:t'"B reach their mm.nRun 

Ch.Ti; aet.t vi ty at an earlier age than does the cortex, Overall, the s1 values 

exceed ·i;,he S3 values by about 6 per cent., An analysis of variance for dis

propol~jionate subclasses was performed to test the significance of the 

cibserv!lld differences.. Too difference in fa:vor of the s1 strain wss found 

to oo higrJ.y significant (l and 2$8 ££_; b"~66 .. 1; P < .. COl).. The v<U'ianca due 

to d:iffeNn~es in age; 't>.YOO also sigr:.ificant (8 ~md. 258 2:£) Fs8.,0; P (. .,001)., 

Tl1~ intei~a,ation was alao sigi-1.i\..f':i.eant~ ·the t'OO'O s·t:rs.ixm d.if:t~e:rlng more at 't·he 



Table 2ot ... ..,. IID.l~~ STANDA..liD DEVIP..TION, AND RANGE OF SUBCORTICP.L 

CHOLINESTERP.SE ACTIVITY~ AS A FUNCTIOU OF AGE11 FOR s1 AND S,; STRAINS 

OF RATSo 

~ ... 

sl Sj 

.Age Age 
in Me.m in Mean 

N Days CJ:lE* s .. n,. Range N Ds:-,iS ChEil- S .. D .. Range 

5 26 158.,2 Be)) 144-169 4 29 lSOoO 7 .. ,58 142 .... 159 

3 34 15Jo7 Jc09 151.,.158 4 32 15) .. 0 2 .. 12 150..,155 

B h4 165o4 3o50 161-173 9 43 165 .. 2 8 .. 51 153-184 

9 62 170o) a .. w.· 154-186 8 64 160~1 5 .. 88 lSo-167 

1 80 178 ... 4 8 .. 91 163-199 1 81 169 .. ) 9o0$ 159 ... 185 

25 104 167 .. 9 9 .. 72 154 ... 192 1.9 98 163 .. 1 9 .. 28 148-182 

38 114 161.-8 9ul6 1J7 ... i8o )2 114 154 .. 8 11 .. 91 134-180 

45 128 161 .. 3 7o6S 149-182 JS 127 1$1 .. 2 6 .. 76 140 ... 164 

11 131 157 .. 4 8 .. 59 .142 ... 111 

* Cholinesterase activity is expressed in moles ACh x 1010 hydrolyzed per 

I' 
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Fig,. 2., Cl"..ollnastel"aae (GhE) activity .in t.oo subcurtical_:~ronn of the S1 a."'ld. s.3 stl".:rl.rls 
<I!II!M!t!~~~~-:et<O'~ ... ...,~ ....... ~ ... ::~~~~~fl...~~~~.---~~ 

of rats as a ;;:ui1Ct:i.on of a[!c~.., Th~ en.~ values ~J.<>e fo"!.' brains i'rom t;rhich oor~ial cor'c.e:<t: boo . ~~=~~""rn~'-r.."'-~~~~ . 

been ::t•e;:JO'VISd.,. Th.ay are expressed :i.n moles 
ACh :11: 10'10 hydl-olyzed per. rn:?.nute pelf mg.., of ti.ssu.a.. Tha rru:mber at each point. 



latGl'" than at the earlier ages (7 and 258;!,!.; FsJ.,O~ P4_.,01)., 

The coefficients of v&""iation tend to be somewhat smalle1• for 

subccnt~tical th&.."l fo:r cortical ChE activity.. They average 4.,42 f'or the S1 

groups and 4.,88 for the SJ groups~ Thus the rats show even lees relativG 

varia'bility in subcortical than in cortical ChE activity .. 

Brain ~mighto Tabla 3 presents -weights of the total br&.in for rats 

of the two strains.. Brain weight£> ars available fer 1!!2 S1 rats a."!d 147 SJ 

rats, distributed through the age range of 28 to 148 days.. Data were 

grouped and combined as in the case of the ChE tb;t.a~ 

The age functions in Fig., 3 ri5s monotonically.. Contrary. to the case 

of the ChE activ.tty data~ he:re it is the S) strain tihoae values a..~ tl']a 

greater· at every age tested... An an:ilysis of \"fa.r'lanca, dona :for diapropor

·tionate SUbclasses~ ShO"M'9d that the strain difference WB.S again highly 

eig1.1.ifl.coot (1 and 26o §!; Fa224 .. 4; P<. .. ool) .. Too age differences '{ti!Gl"G cU.so 

highly significant~ as would ba ®Jq>ectsd for sharply rls::J.:ng tu.nctions 

· ( 9 and 26o ~; Fc:40.,8; P ( .. 001) ~ The in~netion is not significant, the 

vert,ical distance batl>o"Sen the curves for the tw strains increasing only 

alightly 'idth age., 

The coefficients of variation are so.mewhat smaller for brain l:Yeight 

than for the ChE aetiil'i.ty measures.. They average 3.,80 for brain t~ights 

of the sl stJi•ain arid 4 .. 4$ for tbs s3 strain .. 

DISCUSSION 

It. is clear fl"''m tho results that differences in hrain chamistr;;r C'..nd 

bre..in itmight. ~re associa:tad. ~i.'th differences in t.he age and st.rain of rat.s., 

~:1w a;malyses of variance de.m.onst.rated the statis·~Pical sigm.fican.ce of these 

aourc.es of va:t"'"lance.. It is pai'l'~1s worth ,;onai.d@tir..g whathe:ii."' the dif.f'erenoea 

alTio:ng an:i.mals o£ a gh-·an age and stx•ain are also aignific&tG or whether they 



Table 3o ....... MEM~, STANDAIID DEVIATION:P AND RANGE OF BRAIN t-lEIGHT§ 

AS A FUtroTION OF AGE, FOR s1 AND s3 STRAINS OF RATS., 

sl SJ 
Age ~iean Aga Mean 
:ln Wa:Lght in Weight 

N Da.ya (mg .. ) S.,D .. R&"lga I~ Days (mg .. ) S .. D .. · Range 

5 28 1255 .. 0 4b ... 4 1197 ... 1310 4 29 1422 .. 2 49~2 lJSo-1502 

3 34 1386 .. 0 J6,.1 134.1 ... 1434 4 32 1398 .. 8 46 .. 4 1325-145.3 

8 44 1506.-8 60 .. 0 11~) ... 1563 9 43 1542 .. 7 55 .. ) 145.3-1620 

9 62 llt64 .. 8 58 .. 8 1357-1582 8 64 1642 .. 4 93.:.8 1516 ... 1746 

1 80 15$7 .. 9 65oO 1480-1644 7 81 1635 .. 8 ll6 .. 2 14.39-lBoJ 

ll 94 1630 .. 9 13 .. 3 l$1Qa.l7?0 12 96 1704 .. 5 70 .. 6 1601-1.840 

15 105 1575 .. 6 55 ... 6 14.36-1644 42 112 1710 .. 6 72 .. 0 l$62-1842 

71 120 1600 .. 1 65 .. 4 1439 ... 1736 55 128 1766 .. 8 82 .. 5· 1600.,.1940 

a 1.33 1657 .. 1 63 .. 7 1570 .... 1770 

5 146 1638 .. 2 61 .. 6 151.0 ... 1721 6 •147 1796.,5 69o0 1657 ... 1859 

• 
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The brai1w are weighed Trd. th less than 10 mg .. of a:n'Or3 tt-:e error 

being due pr-1-'lllarlly to dif.f'Grential loss or water., Testa have shatrn ·that 

differences of .300 mg .. or more found between br2..ins of r<r.ts of too t:HI.me 

strain and age; therefore :t.t is clear tha·E; the observed wi thin .... group 

differences are primarily due to tl"U6 individual differences .. 

'r"lifo ChE deter.ninatiorw are usually rn.ade on each tissue sample$ ami 

too mean ia taken.. Differences between the trJO w.1alyses of a given tiasUB 

for ·~he ~ubcortex; taking the average of the two determinations for each ot 

these nar't.s of the brain further reduces error of measurement., Such err-ors 
• . $ 

could r1ot. a~coU.."'lt for differences em.ong rats of the san-AS age and strain of 

20 um. ts at the cortex or of 40 units in the subcortical brain., The con-

olusion that ther-~ are real individual differences in brain ChE activity is 

gi van further auppol"t frcm1 a gertetic expe&."i..'tllent in progress in which it 1-ms 

ooen po$aible to breed DStl strains of rata for high and lo'OO' cortical ChE 

e.ctivity by selecting their sires according to our standard ChE deter.mi:na.t..ion 

tGel4'Uquea (RODERICK, m'lmT and KARLSSON, 1957).. Finally, the:re is the 

fu.rlher ~vidence that too individual differences in brain char.tistey (and in 

behaviour) are reliable; :i..f tooy W0i'S oot:i tha con-W.at..i.ons l~Vould reflect 



or system weights he measured" Our ds.ta indicate t .. hat the enzymic variability 

of the brain is also held UA&der tight corr~rol~ for the coefficients of 

variation fol" CbE <Mrti vi ty are only slightly larger th&"'l those for brain 

'iliaight.. 1f1a have also found eompai-:"able coefficients of variation for lactic 

dehydrogenase activity in tha rat braino Sinea individual vru:'ie:'~ion in 

brain chemist1-y is am.all in magnitude~ though signi.ficantll> groat care ia 

The shape of the curve for CbE acti\dty of the subco!'tieal. brad.n 

ahould. approxi..mate that for W!ole brain.. These values., it will be recalledD 

lifrn·e determined af~er the dorsal cortex--abav.t 20 per cent of the weight or 

the entire brain-... waa removed,~ Since~ the CbE a.cti vi ty of dorsal cortex is 

abo\rt. 40 per cent of that of the subcortical brain~ the level of the curve 

for subcorlical br•ain shoul.d be reduced by about 12 per oont to gi vs · 

approximate valut.;"il £or whole br<rl.n.,. The· most exten."ii ve ~ in t!:.e 

litsrature on ChE devalopmellt in the rat brain is that o£ t1ETZLER e.nd HOMM 

(1951) for too "white ra.t .. n It eX"iiends f.rn:m. t:t.e 14 ... dey fetus w tha "adult"; 

tl~re mo® 51.. poird:.s (presumably individual rats) over the ~Ahole age range~ 

Only 13 points ru.~s for ages greater than 28 days~ the age at which our curve 

begins G The Clll:"VEJ or METZLER and HlJliR-1 shows an abrupt peak at 22 days; then 

a decline to a pl a:tean which extends from. 32 to 7S days and another 

decline to the 120-day and 11 adultv1 level., ELKES and TODRICK (1955) studied. 

development of ChE activity in the whole brain of the liaJ.bino rat,n Tbay 

used 5o rats distributed at J... or 4...day intervals between the third Gmd. 
•, 



... lQ .... 

days~ a smaller risa f'r'Om .35 t,o llO days,. and than a decline from ilO to 

t1ro "adult" arJ.mals.. Bil.YLISS and TODRICK report in an abstract (1956) that 

ChE activity lncreases linearly from t.ha third to the twentj.eth day and 

moN slotily tooreaft,er.. It may oo that different strains of rata differ 

considerably in growt.h cl.l.l"'rns of brain ChE activ.ity.. Howaverp in thra light 

o£ all ttw svidenee~ we are inclined to bellieva that ChE activity for whole~ 

brain of tha rat reaches its peak around th® eightieth day of life .. 
) -

The change of ACh content nth age in whole brain is asserted by 

WELSH and HYDE (1944) to be closely correlated with that or ChE activity .. 

They, and also CROSSLPJID (1951), found that AGh double.'3 from 24 bra.. to 21 

days and doubles again by "lOO+n days.. While the di.rectd.on of change is the 

same far ACh and ChE:~. it appears that ChE activity increases more ra.pidJ.y 

than Aeh up to 21 days and then more slowly than ACh .. 

Our ChE a.ctivlty determir.m:tio:ns:J like those of others:~ give activi:ty 

pe~ unit of waight.. It is interesting to note that the S3 strain has aqual. 

o:r slightly la.rgar total ChE activity than the 5:t strain (ChE activ:i.ty x brsin 

weight.).. Since· the s3 brains m"'G heavier, t.h1fll activ.ity io leas per unit 

of w:tght in the s3 brain.. It is possible that the ChE difference reflects 

a different ratio of neural to glial structures in the two strains.. Such an 

anatomical differen.ce oot-m.-een strains could have importm functional 

significance.. If such an anatomical difference mate, it cannot be unifom 

\iJ:"I..roughout the brain~ since the ChE d5~:tference is relatively larger at the 

cortex than subcort.ictllly.. An J:Jistological imTGstiga.tion to attempt to 

detarmins tha lHmrce of ths strain differences in CbE activity is in progress .. 
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SUMt'lARY 

Cholinesterase (ChE) activity in the cortical and su.bcortical brain 

and brain weight· tiere date:rnri.ned for m.ale rats of t1ro st:t"ains as a function 

of age~ The s1 strain was found to have aig:nific.ently greater cortical 

and subcortical GhE acti.vi.ty tmd significantly 1~:.rtJ®r brain t~ight than the 

S.3 strain~ Significant effects of age wre also found for each variable~ 

It t-:a.s shown that f'or tmim.als of a given strain and age., there are trus 

ind.i.vidual differences that car..not. oo a:t.trlbuted to erroN of measurement ... 

Th'u.s the re.tns brai.n ChE activlty and brain t..aeight differ according ·to 

genetic background~ aga, and indiv-lduaJ. factors .. 
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