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COOOc N~llY;» th;.; . . <J.,:am o:P.d.:i.oo~ flbout as p~z·. C®!Y~ Ol~ t.ll\!3 gl.~Wc_;i;Gi it 

utUi9~1S;p 't1fhi..1e it.· m0tra:~ol:t~eo oo:cy· ahou:[c 15 )F.o'lfJT Ot&l<'lt. of tba t,tlJb~osa btr thf~ 

glyeo:~~;.io i>ou:i.A\-1 ·~o lrs.ct.,a/G~ (!~c~4,1I~~ l.95t~)~~ H~vax-~ d,wdng pBl'-i.od.s of' 

mi'lld,ul ~"'Ve &ctivi-ty!J too glycol.yti~ pa:'r:;~ ti~v M~uxu.® :i.i-rlereaood iE1pe.x-

t.ha s~ asm.1.mpt:too. tlw.;~ h1.t~4 J~ow.Jl3 of c:tiE are ~:r...":lsooi~t€10! ·with ~ . ~oo~ 

... d.ally high ~IWr~l ~;ti v:ll;t;y~ .... ~i the· 'breL'1 might 14lmd ens ·to ®xp®r;-t; ;an it~ 

. I 

rnflect. a e~l""l'~latioo b'Z}twt:~n @'.1itit>Ta1 mt!i.l.bc•lJ-.c :!:'e'tt'} lr.t 'the bmin ~n:d. 
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i.;h;s s5 ~:J~eirl 1--re!"a t.el3'1.:ed(\) T"t!®!;e ¥;=ats ~I'® dascandJmt.s of tlle ·Gwo atm:ins 

~eleoti\rell.y 0\red by TRYON (1929) for h.lgh a.nd -low maz-s<l?l,ea:rEling ability!';> 

1958)o 

lGJ.(l·(;io oolwarog®f',.&f.'e tt\c.t·t.i~ .. ty was est.irrM!I.tad by tl'w spsctrophotc­

' mtsrtrlc mouuroment at, 540 m~ ot ·t-ho ~ate of foi"-'lm~:t.~.on of DPNH (NEILANDS~ 

1955)o 

(F:ifty t.t.l o.f the hom-ogen.a·!.az. eonta:l..i;&:l.~ lOO ~ ~t 101eigh·~ of the eor'Uvx9 

or 100 ~~l or a 1/10 dilution cf t~ nnibcol"'"Glca1 Oj>~~.in. ho:moganaw~ conta~~ 

_ ing :too lAg of tiaaue W:S.1.§ uS0d<l j 'lb.-a m:L~l.,.d was pre=inoub-l?. ted in l mn 

0 Bae:k:man cella a·t 57 in B tlh~7~ao.sta ·ood oo:U cc~pru~idwnt. of & B0akiut.U'i DU 

spse~pho't-cm-croor\".1- Attet"" :W ndm"tiies_, Oo4 ml of' DF.cl (10 mglml, Sit,~ 

. '. ~ . ' . . 

• · _· tites _when 1J.3~'l'atura equili~f;o~.lL1!l w:afl l"€-G·ibte.l:rm!ds the opt:!.eal -ii:G[~lt;y-
~ - . -,;; . ·.' ·' :c ·.:. ··:. 

:'J:}m;-
- - -

~s -~tei'niL"'Wd .9;t 540 :flljl4 fc:g~ ::~~Q mirruir..-:;11§ r;p ~· t 5 m.L'l'.xoo :tnWl"\;".tU,l3 ,, 
. . . . ~ 

change of opt.:ieal d.en~:i:4;t/mirr~.te ~~l.:s ~~al~ul.stt/:H'l by t.hu fcn:?Jm:ta~ 

·~. ,. 



RESULTS 

Cl"iE act.i vit.y of ·the V section of' the cortex :Le 15 to 20 pet:• cent. less ·~han 

deelii1es slmll'ly (BF:NNET"l\, at. <?.:t •. ;;~, l95B)f:l ':(he e.'l!'·:J .. y i11CZ"-.:1ase ir1 x•eflecrted 
~~~..vrn;.. .. 

't 
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viouaJ.y :reporood. (BEN.rrETTB, ~ ~&0.1)) 1958) ·e:hat ·the vm.ab:U:t'l;;y of Cv..E ae­

tirley ia appro:tima:ooly 5 psr cant uhen st ... ~.:?.!'A;$ brain area., and .N!.ge a~ 

tie&lzy aigni.fic:an·t. dif'fel"'E.lztaG· i~tt.!f'.t1t'ln the C~hE len.re2.s of the ~ and s3 . 

strains such that the 8:! ~t.~.:ln is fou.V!d ,ffit. e'Uary &ge tmd for evaey bn.in 

area maasu:.red (s~a Figo l) (I> Ha~e~!'.!' k1f1"- ~u:ah. ®train diff.,axe!.'l00s cm3 fmm.d 

' ' 

U.l"lit, weight. is WY.'Y much the l!"~lm':i fO'i:' bfYi:.h 't.:he S~ &ltd t.'he S'JZ !i!l~.:.rair!S o '1'hi3 
.t ~ 

i~ t.ru.a for every ega and for awry b~"ain area t:estedo 

s5 strain is significantly gro~:i:.el"' Yj,it·l~l tha~:;. of the sl. !!!trai.l.'l (BE..Y•II\i'ET'r ~ 

et al.,., 1958) ~ .?,nd bro:L""l 'fo®1 .. ght of· ·too :;.~t :lncr'aes®a SJteadi:cy· w'lt;h age" --
Yfu<9n t~·ylta,l activ"ii>y :tr& ctalcu::!Jz>.ted,::. i-.al~:L~g into accou.i'lt ·c:tw bra:L.""l -wei.eht~.s> 

th® ~. strain ~hor<'fil a h.ighezo total ChE ac"ii:tv:i.tlf ·i.;h£.111 the S5 St1"fa,in :ba thr,:; 

cortex ~J.t a lOi.'J'el" to~J. in the subr:-;ortr.:n~:a Fo1:- LDiiti on ·~ other hll.md51 
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fieant~ and positive con-al.at.tr.m.-3 e:::det oetm1en ChE activit..y in the V ooc­

tio:ns of the cortex a.."ld. in "4~o S ooctiooo,.. This holds fO"~ either strain~ 

ship &ee~ fOX'· 45 p;!Jf" c.ent of tl<aJ ~l'i~n:ceB tmt is~ knowiJt'lg an animalfs 

ChE wlus fer ooo cortioal !'egion<'ll tha uncslf"'tt!lnty in t.l'm valu~ for too 

. . . ' . . . 
. ··. . . . . .·· 

V t.md in the S seetiol'W ia &lso highly co:t"rolm:ood with ChE a,,-;t:tvit;,.r in the 

· ChE activity in the rat cortex is· a ~!:.!'!! chrA}l?acte:d.etie of. th0 e;~rtaxo 

Table II also ahuffl'J: that; the~ is a positiveD bu.r!J cor15lidemb4y low!?lfD cor­

. relation ootwama tha GhE act:t-::J•ity in tha cart.t~X and in the subco~Gical. 

ni£1cantly greater than :~~ero., l~·rer~ ths oo:t .. l"al.ation for both s~ins 

combined (as indicli.ted in t.ha table) i:I! signi.fiea.'1.t at the 5 par eent level 

of eonfidenooe The corr-stBponding con"'al.-:At:lonlil pia"rure £or LDH .~ :radical= 

zy differento Thel LDI{ aetiv:l"t;y in the V B~£Wtioo doe~ not correll:~;ta sign.i-

· • 1 · • T ~ l II"'") mna co-l.tilln 1.n. ao . e ..1. ~ • 
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> signif'ieant at the 1 psP. cent l;ri~~i or ooni'id·~m.ce6 . ;'.·. ' . 
• ':> 

rs~ti<m~ Oo57 ;$ mdieatel:.! t.h_~~ this relationship accounts f'oi' l4·P,9,r cent 
.. _..;··.: 

of the variJ!mes.., In tlli1 suh.1ort:Wal brain:» h(li'WS-;rer t~ there :'!.a nJQ ~.o)}Sis.., 

. "OOrxi:. relatianahip bctwsan Ch& an.d IDH level.a,, It appaa:ra# thoo:'t'l:f'ore, that 

whatevax- metabolic process is reflected by the laval of ChE aetivit;rs it 

is somewhat related in the co~x to_ the process EO-v<.:rmed ey LDH" 'lmt t,ful 

two processes al"'a unrelated :m tlia lt'es·t of ~ brai1lc 

· ·' :OISCUSSIOX'i 

thsa s1 and s5 etrai.ru!o Tha low correlation suggests tha:t:. whila the ChE 

level of the rat brain is scw.m'.o.at related to ma·tabolie systenw quit® ;re ... 

moved fi>om the aootylchol:Uw·,.ChE s;y~·OO:m, most of the varian.G~3 (about 65 

per oon .. ,) is independarrt. c~r LDH.. To "t-his extent, then, the obsarv~ co~ 

relations beti'men ChE &md adapti vs behav:i.ou..\" cannot be ascribed to some 

LDH levels of the s1 and Sv. strains~ whil® ·ta'lere is a differencG batweam 
o,) 

aL"llt'Jli,lt e:very belmviom:'al ·oost lW haw 'W.Iled thL'..s fai•'J the s1 st,rain lias 

besn eoosd.sten·tly super.io:i:" to the s5 E'L~in"' T'.tma &J as far a$: stmin com-= 

~risona <U'e ccmeen:"'ned, \"W find e. l."al&.·i.iion.sh:tp between ChE and psrfomanee 
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architectural dis·jjribu.t:ton. of brail'i ®neyrnsa supports the· general coneltW:l.o:n 
f . . 

of & lat•ga OOfP."eS of independence 1-atweeu GhE and LDH..., 'l'ha rat cor·tex is 

the age o£ the &nim!.l!.l and t.lle ~a Qf' the C:Hli:"WL POPE (1952 ). has aho-11m 

that the ChE ae·M.vi ty of tha a"at so:wstooiic co!:'oo:~; variew .f'rom llzy'e:u: to 

surfaces of. dendrites and ~B il'lCluding synap·a.ic temir..alao 

KUI-JL~&lli and LCIWl!t' (1956) oo·ve studred the changes in conoontr&t:ton 

of four daliydrogena.ssa :i.n ·the cort-ex of tlw nmroomlli the 1~~ old, and 

the ad-lllt rato Lactic deh;rdx'ogemas;;<5 cof!.£antx<ationp u.."lliks that .fcriind 1zy" 

POPE for Ch.E, incr-easeo from laJ,-t3r I to layer ll ;p and tl1en li:"SlMins fail"zy 

conste~t through ~er VII~ 



.. 
doas LDH activity~ 

LDH does noto 

4o CbE values are significantly correlated .frmn locus to locus 

within the brain.aJ while LDH values a.re independent from locus to locusc 

,. 
<Jo CbE and LDH &J.ct:ivity show some eor:rehtion vrlth each other in 

·~. 
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lo This research was xnada possibla by gr~nt~ from the National Science 

Foondation and the u .. s« Public Health Service, and mJ.B also supported in 

pm't by the U.,S., Ataw.io r~nergy- Colliillissiono Mr$ Alvin Halev,r did dewlap-

mental work on . the WH prooG'dU.."t"S<:> We also want to acknowledge our debt 

'.•, 
.·: .. ,( 

gl"'am of worko 

2o Radiation Labore/oor.r ~ Unl:ve!'S:J:i~r of C.aJJ..torniafll Berkel0y3 Californiao 

5o Dspart..m.ent of Psychology~ Ur.d.vsrsity of Callfomia9 Ba~teley3 Ca.J.if'omie. .. 

4o Preliminary experiments indicated ·c.hat the change in specific activity 

of LDH was less than 5 par cent vdth a 25 per cent change :tn the weight of 

samples used in trll9 l'tmge of 50 to 150 14 g or cortexo Less ·than 10 psr cant 

change i.."l spscific acrt.ivity wae obse!"vad when the mnount of nPN added was 
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.·92 . 6. 
,. 

. llO 20 

129 15 

147 6 

Comparisons lJ®~(;'r;een Cholln.-e:et~Tase ~.nd L'2'.c"14ic Debyd.rogsr.r.asa 

Activities in B!'a:i.n <of Sl Rats at Si:iil: Different .. AgciG 

SD 
R:mg~;~ 

V{}' 
f .. 

.. :SD 

Range 

I 
SD 
Ra.,.'lge 

4-aol 
2~89 

•1-So9""' 
5la9 

S5o9 
lco'15 

55o0= 
58ol 

57f)S 
lo'75 

54.,0= 
59o5 

59Gl2 
5c2l. 

55.,1= 
67.,2 

58.,3 
2.,48 

54-:.o-
65o? 

57.,5 
1.,64 

54 .... 6=· 
59o6 

65o6 
loS'/ ..... . 

62ol~•. · >. 

68: ~\~t:~;:,'·. ' 
69o~·· 

5o 59 
65.r..2-
76 .. 5 

65o4 
3.,22. 

58.-.2---. 
'70,.5 

64(16 
2 .. 67 

60.,5·"" 
69ol 

6lGp 
if.'74 
sa~.~ 
63~5 

64o2 
5~12 

59 ... 8"" 
"71"'8 

61~,9 
2.,47 

56-:;G~ 

sr:>~ .. s·. 

a:trtl 
1"61 

5f)«l(J= 
64.,2 

Sub·~, 

co:M;.ax 

153.,5 
5o09 

l4<''P 
159 

165e8 
3~P.t9 

161':' 
1?3 

i65~5 
llo28 

lrJ,. 
192 

l'71.,l 
6,.40 

158= 
..182 

"flo4 

2.,25 
?5o&«> 
81 .. 7 

'75 .. 0 
2o86 

?2~3= 
00o6 

69o8 
2o55 

65o8""" 
71.,9 

721}2 
5.,(14 

67~G-
8lo3 

77,/l 
1.,66 

'75o6= 
oo.,a. 

()5t.&-> 

72oS 

;. 

f \: v ·~ s 
: . .\.,~ 

~A 

'1~:=-~9.~ ·. 
69ol~, 

·ro:~~tl::ir 
6SoB·<) 
··:(,:~· ~· 

67 ... 2~ 
72.o5 

75o6 
2c98 

67~2-·.· 
'78o0 

70o0 ·-­
:L .• 49 
68(;~ 

?lo9 

?5,5 
1~62 

'74,:~2= 
'7869 

?4.,8 
:t .. ol 

75,~5= 
76~6 

.:• 

69o1 
'l~95 
66~7= 
71.~9 

"?2o9 
2;·~2) 

68.,.l­
'78o4 

75'1:>2 
2,.,,4.0 

70..,9 .... 
'79o4 

69..,'7 
lo89 

6'70 2e 
72a5 

Sub= 

63...,9 
lol9 

fJScl= 
66o4 

* 

64.,5 
5c08 

57.,8-= 
69,:7 

65.:.7 
loSS 

62<~1""" 
69,/'! 

* 
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7,\\ble II 

C~iBons h®tm;sen Cholint:~~::roo:>a.se and l<i!c".:.ic Dehydrogenase 
Activities in B:r:ain o.f S~ R."\t3 &'(; ~""'ive Diffel"Snt Ages 

~) 

Cholir)J)s ·t.er'a.sa !i --"·:hri 4lzy'l .t (,.; tJ :00 tt Lactio Del~diogenase 
",); 

Act.iv):ty~'-
Age 
in. N v ~:to ~ Sub"" v .Z• s Sub""· lr 3 

Q v s Days ~f""""" co:r-G:ex 
.,~-

cc-;rte;~ (.., 

51 s I 4Se.;l 56.,8 00"0 14,9,~5 '75@8 "75~1 '15.-.5 &3,2 
SD 141-68 5o09 1 <?'" 

-li ~~ 5$25 2~99 5<1>00 Oa89 lG6'? 
Rarige 41o4= t:;:lo4.""' 46.o&:'" 142~ 71&4- 69c.S""' 74~2- 61()1 ... 

46.,5 60.,? s:t!}e 155 '7Se9 78 ... 0 17~0 65o4 

94 6 I 51~0 63ol 57cJJ t5l"~ ?1.~4 69o9 '70~6. * SD 2~68 2Q)45 2..,55 0!"54 2$)46 1~04 
Ranga' 4'711>1- 00<)1,... 5:3~t~""' '10c5- 67(,12- 69al"'" 

54,~8 66..,0 60o0 71,.,9 74.,2 7.2<lB 

108 5 t 52...,2 61.,5 sr~ Ooal l66o5 70o8 69~5 '10ol 64(15 
SD 0~,51 5o 50 1?94 811>54 2.,.95 lo6'7 1@45 0.,22 
fumge 51~9- '£1? o8"'? 54_(}& .. 159- 6?er6- 68<11- 68ol- 64 .. D-

52.,6 66 .. 1. 59.,(t 178 74fj'7 '71!'>9 71~41. 64,5 
I 
' 
·128 26 X 5lo0 61,6 56.,5 150.,? 68.,9 754')5 '7lc.2 61.,7 

SD 2o62 5(\70 20!!87 6.,~)7 Bo55 5..,5B 2.,51 5.,.02 
Range 45o8- 55.,4<,. 51 .. 2 ... 1((1 .. " 62.,0 ... 67o6""' 65.,8- 54 .. 5-

55ol 72,A. 62@7 161 76..,1 80t>8 75~6 66c4) 

148 6 ! 51.,4 61.,'1 56~5 * 69\10"7 69o4 68(115 * SD 1,:15 2"89 2.,l.4 2@44 lr-4'7 1..,.55 
Ra.ngo 4,8"7"" 5So1~ 521)4.- 66.,2= 66o'f- 66.,7= 

54o2 65 .. 1 58.,4 74.,2 '70.-.9 70o8 

/ • 
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Table III 

Correlntioua between and· mnong Cholinesterase s.nd La.etie Dchydrogensse Jl..etivit.f 

£~r.<~l!~g.E.~Th2EJt£ll~li~teraBe V'&lue? 
St,l•£>J.."), lcy- V V8 S V vs ~'b"" V .f> S 

Correlations amq~K_~!~~c D!~~fO~!nase V~~ 
Age in ~~ V vs S V VfJ Sub- S VIS Su~ V >:!· S Age in 

l1oys co~ :t.~ort-ex ~""' D~ cortex co1~x ·-~~ 
ve sui;.)..• 1 "!J';;J Su~ 

. cortex co1~ 
~,. ... .c.~."'~-~~~~C'f).·,o..;~.'!\..,-.~"!~~~~~~~~"""".!'lll!l,~~~~·~~~l~~~~~~ 

, .. ,... S "'0 0 7"'~*·;'!"*' 0 L'l 0 .,,.. 0 30 ·~~.n ~ <'lA 0 OJ 0 l7 --"" nr. o· (""

1 
a . ..tv 1 ~- ·~ .} ; ~>t¥- o.lL.~ <? .L.JN -.~, ~v o .,!. "' ""Vot!li .;,Jl-~ 

1.29 sl 15 0 51·*~' 01;03 Oo31 0;)26 jJ29 s, lS 0,0) ...Oorf <»0(146 ..-.o~50 0 ):.'{It ... 
128 s., 26 

-~ 

o t·rmHI-6\-> 0\}37 0,.1.7 OQ28 128 s'll 
.:J 

26 ..,.Oey05 ...Oo04 Oo26 Oor/ 

... 1.. ... · ... • 61 0..,6·f"i'v.* Oil13J}'i- 0..;>21 0.,2~· Both .tri#t .. ;;; 61 0'100 o~oo ...Oo01 ""Oa04 J..scrl:<n t:rtrl<l., 
, co:mb:tneil. J. combined l 
~!>M~.'ifi.<J..t~-v~:;r~~v..-.._'ii'P.:I-~~P~~~$~~·!~'''"""'!'~~~""~~-..~~or::&":W.~~~~~~.~"'JUs· 04XJ :=tt?r.et-~~r...,..~~~·-n~·~A-A~"~"~~.Yn~~~"' 

Correlat~ona bstwGen Cholinsster~iE~ and Lactic D~~lro~ena@6'Valuee 
«:7...9/!!.~~~~~~\t,'t~!~~~~~~~~~~~~·~:~~~ 

Age in 
DV~;y1l 

StrQ.in N il Vf:'ll lf s vs s s~;~Jbcort~ v ~ s .,..,. v 'f' s 
VB """"'~~"" "''; '2"'''"' 

· Sl'l.beoz·t~x 
~~'!!::'!ltfi'S!!'!<~im.!~~~'':!'rs......-.n~-..m.~~·~~~~.:;:~:.:&\\"~~~ .. ~~~~~~ 

110 .... :20 0(156*"* ..o~os e.Oo0i3- Oo~n ~ 

1 .. 29 ~ 15 ...o~o4 0"01 Oo3$ Oo07 

126 5_3 26 0..,15 Oe3S ...OQ21 Oo.$l~Hl' 

Bot.h !it.r.., 
aom.htn:ad l . . . . . . . 

oW!.':iWL~~ ... .;Px::a!'~~\.,.~~.-.:«,.;."'~r"'"'~-lme:>!~~~SJ.."k~.!lft~~~~~yg~~~~~-..~~~n~ 

61 Oo26 Oo16. oo0,.22 Oo37"~--?l< 

Gl.'""'f'tl'\.l>-....,.1!':.~N.~~~qM~,.<e~~~ • .,;.~~H:Jo~ti~~~~~.:r.n~r.?P....,., iiti4£0$.~~~~~,..U~~ 

·X· Sign.i:f'leunt at 0~05 lewl 

** Signi.fiem.1t a.t. O.,Ol leV'el 

~'H:l>H· S:ignif'iC&Jrt at 0 o031 level 

i.. Corre1aticrn53 i'ox· ·t.h~ combin®d strOO.na are we:lght-ed avex•ttg®G using Fisher 1 ~ r to 13 
t:r~..~."lsfoz•m.a.ticn 



RF~P.tEREl~JJ£.5 

Bamwttr; E., Li), RosenztllSt§:g:~, M., .a..,., Kraoh~ D..,~ Karlsscm, H~, Dy~~ N~" a~ 
Ohlandar_, Ac- J neu:roor~<>. Submi ttad fer publ::i.c&.t.ion" 

~~~ 
. '-C-'""_ ... -,1 

Ho~ok1Srv Bo Lo and Ko:rnl).erg, A.,~ (194,8) b_ Bi~lo <?.~!~ ~. 5,~5o 

Ku.h)Jlllln.., R,. E" and Lowry, 04' H ... , (1956) J, Naruochamo:; l., l-75~. 
~ . ~--~.Ill·~ .,;;a. 

6o Pops~ Ao~ {1952} A£.f!eu~~1Ei:~;.\l 1!' llSo 

Little8 

'lo Rosenzvl~tig5 M" R"!ii K:fecn~D~t~ and Ikixm~·tt~ E" Lo~ (1958) in· !~W?~!-2.8!£!.~ 
~.or Bel~oEf, Ciba Fcn.mdat:ton3 Lo:r~.on .. 
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"t:o;~: , .... 

BoX~Ss .11 and B giil-e cortical lactic dseydroger.ass activi:ty i .. or ·the s1 
an~ S5 stra:hwt) ~~P,'d~~Givel;ro ·n:s IDH 19 0X!)Ztll35l9d in tel"mS of . 
moJ.es x 109 DPN1I 'fomtild/run/mg tl.ssoo~>. The mean LDH activity of th<.s 
v.i..swJ.l area (V) of the cortex i~ ahmm cy a. solid dot:: the upper ru.1d 
lower ends of the solid baJ~' i.ndicati..~ ;t ooa sta1·1daTd dev.i.ation from 
ths meano The LDH act:'!.v:U:.y of the sonw3thetic a:rna (S) is similarl.v 
shom.2 b'Jf an op-dn dot and a dot·!.iad bar, For es.ch e.ge,. the number of 
an:br.ela is :l.ndicatedo Si.."'ll.f.!Ei ·the LDH values for vis>.:w.l and soriDastoo·t­
ic at .. eas overlap:; the visual values h ... 'lve ·~r;een displaced sl:i.ghtly to 
tbtJ lai't and the some:.mi;,hert:tc 1;-alues slightly t;o ·t.he right on the graph., 

E.o~s. C and D give ?orraspi:Jnd:l.ng values..., f~~ cortical chol:i.n.esteraee 
ac;cJ. vl. t.y expressed :1.n t.a~1 of mol'3s x .'l..riJJ ACh lr.fdrolyzed/mm/mg ·i;.iss:ue e 
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