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INTRODICT 10N

Thig stud seeks to demorstrate the preserce of fixed ilenis
eharyes in vawmelian pervous tlesuer, to quartitate thew, and to
cone ider thelr pessible functional importsnce. The primsry methed
chogen fer use in this etudy le applied te the pervenr syeten for
the firet time, 7The methed and the reesulis will Le eveluated i
thie ecrtexd, priveipelly by inferemce frem informstion devived
by other wmesrg,

Developmerte ir eleetrophyeiclepy have focused attestiowm on
the importance of the lon distridbutiors serces the ecell merbrsrve
in the functicns of irritable eells {190). The e-rrelot or of
function with depelarization ir etreng in musele ard rerve, Core
duetion, depolurization and ier wigretion serore cell me-bra ge
are thought to te irtimately related if wot in some ensee synony-
mous (84),

The argument for & funclicoal ircertance of fized jonle charges
in serveus ticeve, ther, relates te the geare’ fer a mechanisr to
secourt for ion dlatributions in exeitable tisrves, 14 i¢ not pre-
eveed here te guprly the specifisatione of this sechanisw. Fviderce
will be presented, however, to support the eortentior thet the
unigue chemics! corposition and the unigue phyelolegy of the o malise
central rervoup syster are relsied,

The reurcchemicsl literature cortairs a vide variety of in-
ferration about the unique chemicals end chemical greure found in

the pervous system. Tach develeprent in the study of chomienl



architectwre has brought more interest ard specui=tion gheut the
relotionehlp of ultrestrueture to functien (29, 82, 94, 25}, “uch
of modern plysicloplosl thinking le concerned with the olege seeo-
elation among impulee prépagation, nerve cell membrans paténtin?,
and pertitionivg of Yat and ¥+ acroses the rerve cell surface.

ek speculatior deals withk poesible wer'anisms which nay
vovorn distribution of lons in the intimste envirecmmert of %hw nerve
eell {16, 45, €3}, ©F particular irterest in this regard bave Lesr
the Tindinge of wetel iope in sssocistion with sxirsets of nervens
tisswe, Firilar interest ariece wher chepiesni aorpongnte: of nervous
tiseue are shewn to have selective affinities for eertein elementsl

(107} and organis {38, 93) fewne. y

Yater and Fixed Joric Gharges

Vater ir compidersd firet because it is dke mogt ghundent ard
perbaps the mont inportant compenent of nervous tissue. Vhite
ratter is aboub 70f uster, while gray matter is abeut 837 weter (71},
ascording to grose analytical fipures. When the gcope of snalyeis
is earvowed, howsver, the proportiops change. Fimear (23) hae cone
sidered the myelir sheeth slone using the r=ray diffractien methede,
Ye hae given 40 ~ 50F me the likely range for uater contert dn this
prominent structure. The study of phyeical shemiptry of elestro-
lytes bas developed largely in terms of an aoveous milisu. s &
regult comelderstione of fome and iomie groups st She eubmicra&eagie
level of timsue mscromnlecules may pive the prepgerce of water a muech
mere eritics] importamce. 1t may be negepeury to conelder edvigedly

tispue electrolytes ae dilute squecus solubions (18, 7%, 76).

Linide svd Tixed Iopis Charvss
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The second prominent clase of ccmpounds in merveus tissue ie
lipid. Lipids are reported te ecretitute 177 of fregh white matier
and 5% of fresh gray matter (71).

Roeh end Pike moted in 1911, as Thudichum (73) had before them,
that an sbunderce of unique 1ipid was obteinable frop mamral ian
breir, Interest in establishing the physiclogical importance of
cerebral lipide was high at the time in the wake of the Veyor=
Cverton theory of marcosis. Hercotic and snesthebic actiong were
theoretically eorrelated with the 1ipid golubility of the pharwa-
celopic agent.,

Koch's group (62) atiempted to dewonstrate phyeicsl charges
in phosphatides when these pelar lipids were exposed to organie

solvents, particularly to anestheties, ip yitre. They did pot demon—
strate such changes in water emuleions of lecithin or kephal in®
when these fractions were shaken with anestletics, Thev @idp however,
sstablieh an experimental precedert in attemptin: to correlate
changes in corsbral structural componente with phyeiclogical evente.

The belief that e physiclogically im portant, fixed, colleidsl,
anicric charge exists in nervous tissue also had an early origin in
newrcchemictry, It eroge with the finding dating back to Thudichum

n 1884 thet ¥+ apd Ma+ ocseur in aseocistion with lipid extracts of
nervous tissue obtained with meutral solvents. (77). FKock con
tended in 1911 that the cation affinities of scidic fatructural®
lipids of brain were respougible for the high potaseium content of
neurens (62),

“ubsequently other workers elaborated upon aesoeligtions of
1ipid epd alkali metal iloms, Chrietensen mnd Hastirge (14) demon-

strated the ealeium=binding potency of cephalin, At about this tiwe



Feleh reported thot cephalin was in fact a mixture of phopphetidyl
serine, phoephatidyl ethanolsmine, and diphesphoinesitide (32),.
Drinker and Zinseer determined the diseociatior comstant of "eale
sium cephalinate" experimentally (19),

Scott (83,77) roperted that most of the Ca#+ and Ngs+ of frog
sciatic norve 1s localised ¢e the myelin sheath, He based his
conclueione en the resulte of & micveineinerstion technique,

Folek, Lees, and Eleane-Stanley have deserided e method fer
determining the relative affinitise of varioue elksli and alkslise
earth eations for seidie 1ipld freotions of brain (34), When 1ipide
were nlleved to partition betveen chloreferm=rich and vster-rich
phases, only eulfatides and phosphatides were found in appreciable
amounts in both phases, Addition of Ne0l, ¥C1, Gall, te this syptem
regulted in met shifte of eprrecisble cnantities of 1ipid inte the
chleroforn-rich phase, MgCl, and GaCl, demenstrated the grestest
ability to cause this redistribution, A concentration as lov ae
1074 M, CaCl, decreased 1ipld content of the water-rich phase by 208,
Prosumably an ssseciatien of cation with 1ipld in the farm of &n acide
ie lipid-palt fovers selubility in the chlorofarm-rich phane,

Generally the sulfatide, cerebroside gulfuriec mecld ester, is
extracted an the potassium ealt (6}, Phosphatidyl serine and diphese
phoinesitide are pald to occcur as neutral salte of Ma, X, Mg, and Ca
when extracted with organis selvente frem fresh brain (34, 197).

The werk of Derviehian (17) suppoﬁn this comeept of 1lipide
cation comrlex fermation, He "titrated" aguesus phosphatidyl serine
and phesphatidyl chelire preparations separately against salte of
Fat, Cas+, and Cuts, pH decressed in a manver reserbling an aclde

bare titration. The meet pronounced effecte in esch cose oocurred apon



T

addition of ﬂu364 to the 1ipid preperation. These findings vers ine
terpreted as being eonsistent with the fermation of lipidermetal ior
ecorplexes, In the course of the "¢itration® Hé wes presunably dis-
placed from the aeidis lipids inte sclution,

Drinker and Zingser {19) also poted & fall in pH when they added
neutral CaClp teo their cephalin emulsion, but did not ettempt to
interpret this findirg. As key evidence of complex—Lormstion, they
noted that a’ter addition of Cat+ to eephalin preparations, Ca++
determination by frog heart bioassay indlented virtusl shsence of
fres Cat+,

Christensen and Haetinge reported Fat and K+ bind ing by 2 simi-
lar eephalin fraction., They caleulated that 0.5 eg, cation is taken
up for each gram-aton of 1ipid P in the preperation (14). There is
guestion as te which subfractions of cephalin partiecipate in this
phenomenon, (17, 34,

It is probable that Vet end T+ as well ag other joms are to

soms extent physieally compartmentalized in brain., Fxiraction pro-

cédures may encouwrage associations betwesn cationz and organle anicne

£

hich are mermally prevented bv the anetomic and ultrs struetural ip-
tegrity of rervous tiseue,
The eompartrertalizstion of cstion among celle of varicus kinds

or, indeed; within paris of cells should he congidered, There ig

evidence for exawmple, that certain glial ecelie contain unusually
high concentrations of Mat, If certain glla are high socdium cslls
(55), while neurons are high potaseium celle, and if Cai+ ard My
are significantly localized ir layers in the myelin sheath (83),

the disorganization brought about by extraction procedures may be
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an important cause of chemical artefacts,

=

¢ an approach to this problem Xatsran and Wilson (56) were
able to extract 507 of cersbral 1lipid comtent from guick-frozen
Thelr solvents were chlorcform and hexare. In theisr

Yﬂj\ 3 LI ulic‘.n’}o

dry 1lipid extrsets the ratioc of
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1. Cation eontent correlated well with serine ecortent,

0

-
W

3 »

in these sxtracts. This points to phosphatidyl serine as an -

8

portent corplex-Tormer,

The prependerance of Na in thege ratios has net beern explaired,
The solubilities of the X anl Ma salse of phosphatidyl serine were
found to be approxin tely egusl in the cold solvent uged in this
study. In any event, the sssociation of 1inid and cation in both
gray matter and white ratler is agaln demonctrated,

Study of lipld momcleysrs has also indicated that there iz a
goneral reaction between certain acidic lipide and metal icne. In
this method a solution of a cerdair lipid (2) oé of purified lipid
extracts (87) is layered on the surface of a ligquid in which it will
not disgolve. The vesulting Tilm is then cempreseed in g horiszontal
plans. The lateral compressive loree or other parameters are appro-
priately measured. Forcs-arca, voltage-arsa, ete. curves can be
related urder controlled econditicns to molecular corse-sectional area
and to meleculsr orientation at the irterface.

lon-1ipid intersctions heve been demonsirated with synthetic

;«J

ecithin and alkyl phosphates, as well as other compounds (2, 74).
Ionizing air electrode etudy of lecithin monolayers suggested to

&

oo

Avderson and Pethice thet the switterion structure of this 1ipid



destroyed by "+ and Mat, the mechanism pregumably being the fuinding®
of these iome to the phosphate groups of the 1ipid 4n a ratio of 1
to 1. Strong effects were found with Mg+, Catt, Bats, ard Cutt, but
in both the lecithin and alkyl phosphate ztudies the wranyl {m,y++)
and AL+++ ions showed the most powerful eomplexins tendenclec.
Protelns and Pized Tonic Charges

The third component of braln which must be ineluded in any
consideration of fiwed lonie charges is protein,

Protein constitutes about 8% of fresh gray or white matter {71,
77). When ionie properties of proteins are considered in reletion to
metal long the chelating abilitles of certain amino acids sceme
wdamental importanes, As an example,
for copper is well known (104). Steris

greatly alter such preperties when peptide

constituents (59), Necessity %o control tration and
secondary and terbtiary siruetiure meke rean central

nervous syater protein reactions with ions difficnl?d {6,3 1003,

Solubility characteristies have dizsours ged investigetion by ex-
traction, partition, and momelayer technigues in the manners dseeribed
gbove for nervous system lipids,
The poseibility that strustural rearvangements of esllular DEO-
teins i instruvental in prosssses of impulse coniuetion and ion re-
distribution hss been consldered for many vears {(100).

Ungar, ot al, have measnred changes in fonization of brain PO

tein side groups in assoclation with 20 mimtes electric stimulation
102), They have employed two techniques, Ope, nltraviolet abe

sorplion, has beer supported by the second, swmperoreirie titration,
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plexes are "gi+, Catt, Na+ and U+ (60), The occurrence of protein-

1ipld combinetions in fractions of brain extract hes drewn attention
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acecompanies bloed vessele and ic not truly parenchymal (77). CGlyeo-
lipide and mucopolyeeccharides are fourd in the brair. Clycoprotein
is a prominent compensut of peripheral nerve (&

Though brain mucepolysaccherides ere reperted to exist at con-

t 5
5% 4

centraticue of only .05 te ,10F of fresh brain, speculstion about

funetice in nerve conduetion and participaticn in the blocd-brain

barrier heg beer entertained (9). Cfinee an lon exchange property
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supperting evidence hae accumul-’ed, & blological iop emchampe poly-
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Lbood and Abulela] (1) teolated a byalurenic acid-like substance
from bovine bralm. It wes a lyelurcnidase digestible, eull Nurefree,
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poiysaccnaride wilch preved to have a noderate potesgimm ion selec-

& nn o i Biiag ol b b Rk = e o %
ivity Their evidence that it originated from the neuron
ta St adanh i .. E] Pl — 4 e § &

2 hicboechamical and reguives further documentalion, Yt iz of in-

1

terest that the mueopolysaccharide-like material wes found histo-

oup h = ooy o v, - |4 ] o5 g [ 5 SPERE Jres . X N 3
iogically not omly in the axon, bub also extending into the myelin

Y
v

Higvoehemical evidence of lixed anlonic charge i1z furnished by

issue. That the

€
o

be presence of metachrometlic raterial inm mervous

a =

myelin sheath is intensely metachromatic, even at p8 2, is of con-

o

o .
siderable interest (4, 108), The term melachromesia describes &
color change cccurring in certais dyss when these dyes act upon

asppropriate substrates, e.g. toluidine blue turning reddisb-purple



)
]

upon contacting chendroitin sulphate of conrective tissue ground

substerce. The moet prominent metachronasis is demonstratod by
poilysulfated compounde such as the sulfated pelyhexcees of sesveeds
ard of ground substerce. The impertant common factor in meitachre-
ratic dye substrates appears to be the presence of s trongly anionie,
regularly epaeed, hydrated groups (5), Toluidine biue hae been
used as an indicator of high molecular weight compounde with many
dicsocisted, negatively~charged groupe (4).

Folyphosphates of bekers veast (£1) are metachrowatic. Nucleie
ecide (8} a:d proteins require incresnsingly delicetely controlled
conditions to demonstrate metachremmsis (5),

White matter extracte whiech give o metachroratic reaction com-
parsble to the histechemical resction are suifatides and the cephalin
gubf?ﬁ@tienp diphespheincsitide. Study of sulfetice has been ham-
pered by ite insolubility, Diphosphoincsitide is readily soluble
in both agqueocus and organic solvents as noted above, It is strietly
confined by a cellopbane diaslyeic bag, though ite tentative miniral
mnlﬁculgr weight is only 640. This behavior, were it rot for the
guestion of charge, might puggest that it is a polywer. Indeed, ite
tentative formula can reedily be conpirued os such (43), The meta-
chromagia of both sulfatide and diphosphoircsitide sugreste that beth
are strong pelyaniopg, The metachromasis of o sulfatide gpot on
filter paper persiste at pi 2. The snionic group apparently disso-
ciates sirongly in order %o persiest in thic aeid ervirenrent, Dop-
vichian (17) suggests that cerebrel 1ipids age regete in phyesieal

2

association ag micelles in agueocus Weﬁiam rather than ag polymore,
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Cartilare 48 the other promivently wotsobroretis ranral ian
tissue, In this tisene sulfetsd musopolvescoharides are welle
ostablighed ss the dye-subetrales viloh give the metsclrosslic
resotion. ‘roumd subsleree in other locetions behaves similerly,
bub iese eonsploucusly in lte ligploobemienl yescticee, Jlun exshango
properiise of eartilage have Luesn lodepsndently demopgiraisd by a
nusber of wethode, thereby establishing sn sssceistior betwsen Biren
tice-exclaoge potertiality end metachrovesis, loth rhepomens are
known Yo reyuire the prescioe of a rajatively high uum-m.uiian
of espentislly lixed apionie groupe (5, 11).

& brisl cutlise of gores of the evidenee for iem sxchange pro-
pertier of cartllsge will be given because of ite relevence to the
thesis. The corpective tiseve ptudies megented bere have hed twe
prizery intereste, beth related te clarificstion of bicloglcal fone
sarclange. They sre: (1) the wechaniem of esleificetion awt {2) the
wochanise of eoptrel of extracellular sleotrolyie.

Boyd and Vewssn (7) used s dried, ground, deceleified ocartilegs
prepuration, After treatment with soluticne of Cally, Yally, or
lall the gram~sguiveient retic of eation te eulfate wes coreistently
i3 l. Tetraction of chendreitin oulfste veduced hoth eation U
tuke and sulfete ocontest but the 1 & 1 ratic of cation te sulfste
pargisted, Da+s wee shows to exchange guantitat.vely with “bound®
Cari,

Tunptone ueed mitced, dried, decalcified esrtilsge. Fxpogare of
the cariilege to verious eelt sclutténe gave cetion: gulfste ratiog
of 114 the capes of Ba+r, ¥+, Mgee, Cate, Srie, und Barig 1od ¢ 1

with Cuviys @ 5 1 with Jeve; and 0,8 ¢ 1 with BH; . Tast upteke and
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sulfate content were again closely parallel,

Dunstone cbeerved phenomena which he atiributed to "irreversible
binding” of a certain minor fraciion of total ecatien, In order of
decreasing net affinity for cariilage he reporied Cut, Ber+, Datt,
Spe+, Caty, Vg+i, and K+ (22),

Farber (27) dialyszed solutions of Na, K, and Ca chendreitin
sulfates against Uall, K01 and Gaﬂlze Analyses showed thet mors
cation entered the chomdroitisn sulfate side (inside) of the semi-
permeable membrare than could be aseribed to & Uonren d istribution.
Thip was interpreted as a‘ lowering of activity coefiicient of the
ingide calion by chemical umion between cation and fixed apicn of
the chomdroitin sulfate, Nonpoler metlyl ehondroitin did not have
there effecis,

Joseph, tngel, ot al, usasd an electrometric method in studying
cartilage and other comvective tissues (51), epidermis (52) and
mascle (25) in the living animal. Using Dempan considerations and
the lenderson equation for 1iquid Jurction potemtiale they determined
the density of fiwed icmnie charges, They foumd bighest values of
uegative charge demsity in cartilege., Their figure ie .16 eq./kg.

Uglug the electrometrie method, Joseph and ingei eonfronted

2 »-

living connective tiseues with 02 W, concentrations of metel lons.

I

*

There were modiTications in electromotive force vaiues whieh they
interpreted as decresses in eolloidal anionie charge densities in
the tiseue surface., Iree energies of formation of lor—colloid {tissue)
conplexes were calculated ghswzné corvective tissue affinities for
catione in the followivg descendirg order (13): Phi+, Epas, Mgei, K4,

Ga+r, and Nat,



v

&8 noted above, certain long-chaln inorganie polyplosphates are

metachronatic, Several lnvestigstors heve submitted evidense that

-

rebal salta of the

w
%

e polyanions do pot completely dissceiste, Dieg-

gociation constants

m

bave been calouwlated on thie basis. These cop-
stants imdicste the extent Yo which sation binding oceurs with poly-

phosphate and that the afiinity for We+ execeeds that Ffor K¢, Beth

b

Catt and Mgi+ are reporied to bind more tightly than K+ and Nat+ with
polyphosphaie, as would be expected from experience with cther poly-
£ '
8r¢ ‘g()‘l&} 6

In suvmmary to this point:

I, Biologlesl essccistions of metechrorasis and ion-excharge pro-
verties,
A, TFropsrties of white matter.
1, techromatic material is Pound proeinently in the

N@ Lin Ehaamn,

2. & mmber of acidie lipids form ecstion complexes which
diseceiate €0 a linited extent.

3« Two metachromatic mvelin 115ids have been found o=
') #
id sgter and dipbesphoincsiiide.

cerebrogide gulfurie acid
i. Cartilage is also strongly metschromatie,
2, Uartilege forms metal lon complexes,
¢ The metachromstic poiyani

ien
8 nrominent role in hoth ¢h
lon-binding characteristiecs

n, chondroitin suifate, plays
& metashromasis and in the

Co Inorganie polyphosphate displays metechromesia and ior-binding

eharacterigiies,
II. Ton activity gradients are related to funeiion of nepve cells,
TTT, The proximity of metashromatic material to the eatinn rradients

and fluxes at the axon wmembrane suzreste that fized anlonic
eroups participate in ths ionie events mhﬂﬁh ocenr there,



Lo

Hrelin ond Funaticn

In suppert of this possibility is the asscoiation of develops
went of fumotlion with mlimﬂuﬁ in the manmelian rovous eysteom.
For esiample Wetd, Low, and larsell (99) found in infapt pabbite
that cbgervelle syelimetion regisrly followed the omset of ocon=
dustion in certain brain pathuays, It i likely that functionsl
myelination proceded the cbserved myeliration, Ones cbearvable
syeliration was jreeort, the inoldence of resporse te stimslus ine
crenged ard lateray of reeporee ‘deermod eppreciably, In spite of
strongly suggestive marphologicsl and phyeiclogioal findirgs, ste
tompte to relate chemical contert of brain to maturation and fimally
to funsticon have mot been perticularly fruitful,

,  In certein disease etates such as multigle sclerceis, the ini-
tial involvement appeere to affect only myelin., The axon eylinder
appours to be comiletely spared while the swurrounding sheath is |
destroyed by dicesee, With the demage to the myelin sheath, fume=
tion ie compromised (39).

Specior and tissue comparisons show, however, thet meny irri-
teble cells are not medullated, 6.g., muscle ﬂbcra, equid axons,
ard ool cleotroplegues (40). The prerence of s lipoprotein encase-
sont sbout the irritsble cell hse beer coneidered by many to be a
relative phenomenon--that all cell surfaces are eowponed mirdmslly
of & bimolecular leaflet, This leaflet is said to be composed in
large port of lipid and to have epecial propertieos in the irritable
oell (24,28), The jellyroll strustwre of myelin (35) presents sn
opportunity to study an extoseive matural collection of membrane
material (£2) in en organ characterized by physiclogical exeitebility,
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Jeterminations of the plhysicochemical siates of ions in Nervous

ade - most in axons of the cephalopoads, Hodgkin
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{49) found that K+ mobility approximates thet of the ion in aguecus
sclutior. MHawever, the phenomena Modgkin cbserved heve algs besn
interpreted as a menifestation of eleeiroendosmosis (94). 'The latter
interpretation veuld imply the presence of a "fixed® negative charge
in axoplasm., Lat+ hes been reported to cause both lilguefzotion and
gelaticn of axoplasm (94)., Scloron and Tebais studied migration
veloeities of K+, Yat, and Cati wibth direet current in dog selatic

nerve (90}, The Tinding that some of the Cat+ moved snedalls

sugrected that this element existed in a comulex of net negative
GhErg g@.
The diffusion constante of sucrose, Nat, ard K1 wére determined

in brain slices by Yelennon (65). The only remarkable deviation from

0

the correspording aqueons valuss was retardation nf ¥+ diffusion w=
a pattern that was shared by musele, but not by liver, The rela-
tively slow appearance of radicmetive K+ ia brain after intravenous
administration has alsc been noted (853),

The overall physiecsl siate of brain sclute~golvent relationships
has been studied by deterairation of freezing and meliing peints (55),
Zesults coineided directly with thoss of plasma, indisating that
brain tissue = which is most, 1T not entirely cellular — ig essen-
tlally isesmotic with extracellular fluid,

Analyses of whole brain bave given the foli owing values zellected

y Mellwain (71). Figures are in mfig,/ke.
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differsvon: 60 wFy./ kg, tlacue

The Tlgures tmply s lack of elecirionl meubral ity v ich has
beon called the "snion defiels® (22). Tifs "deficit” L& upumily
at*ributed to a peutral lzation of mcbile cations by fixed anionie
groupe of orgasic molscules puch as:

l. carboxyla of proteine and hyaluronie acid

ae pﬁw?mria acld spters of phosphelipide
3. sulfuric acld esters of sulfellpids
hs 8ulflgrdryls of cystelns residnes of proteine
3e phenolic hydrexgyls of 4yresine residues of srotelins

Using data from elemental amalyses, Yatwman oslenlatap that
brain cation esmolarity axcesde plasms ontlion apmylarity by 20=30
nilliosnols in the fece of the frecsing~ and waltingepolrt striles
whish Indicate {sosmclarity. <“his, tec, 18 theucht %o be a sanifese
tatlon of "anlon delffeit,.”

Among the altersative, bt not necessarly mutually exelusive
hypetheses put lorth in explamation of the “anlon dafleit” and re-

lated phancsess arss (1) Plxed anlonic aiten forn covalent or seni-

ionis bonde with cations auueing » deorsass in eationlc activity
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ip golution (9%); {2) meerosclecules vith vany anfonic eites sontpie
bute substentially to electrical meutrality but 1little ¢eo cemclerity
{58)5 (3) the spatial and slectrostatic t;gtni.mt!mvcf gelvent and
eoluben within the Liscue alters the hpdreticn atucephere eo that
econgepte of aotivitly in dilute sguecus eolution no lenger pertain
(27, 76).

In suzsary there L2 2 coneidersbhle welght of direct and indi-
rect svidence indigating the prosonce eof Cized, wondiffusible opre
geniec anlonic grovps in nervoue tiseue. Data of circwestantial
reture Inplies & functional significunce to thess groupe, [ direct
evgluation of the flxed lonie charge demelty of intaet living ner-
vous tlssves Lo in order, fuchk ap evalusilcn would atlempt %o
sstablislh the presence of suck ioniec proups and then 1o guantitate
tlhem, The ultiimste guil is to relate submoleculer girueture to bio-

levgical function,



The electrometric method uwsed in the presert etudr wseg taker
directly from the one developed and described by Joseph, Engel,
et al, in thelr studies of commective tissues, skim, and musele
(28,51,52)a With this mwothed tiseus lenio charge dersities in
Yivg ean be salevieted, Encwledge of .ah;lrge dersities hue porsitted
comparisene botween different tissuse, Of sven greater interest
is thet the wethod permits messurcvente wnder s mmber of exrorie
wortal oenditiore effecting & given tiseuwe, Such eerpurisons have
itd te imvortant inferencss ebout the ultrestrusturel state of
conneotive tissuss and the chyeicleglesl impart of tissue cole
loide (12,23,36),

Vo single previous approsch to determinetion of fiwed ionie
charge in the mervous system has been fully setisfectery (95),
Hove hes dealt with inteot tiseve,

The olwtrmf.ria method deseribed here is simple v rrace
tics, It way employed to glve hmtbcr perapective %o study of
iopic macromclecules of livirg nerveus tissve,

The electromtric method depends upen the concemtratiore of
Nae ard C1™ in the tiseus as they ere influerced by fized fonlo
charges, Thie influence is decoribed by the Demnan equilibrium



A%,

distributien, The potentisls wessured by the method depend upon
these comcentrations and uson the fact that Cl- diffwses 50F meve
rapidly than Na+ through a dilute aqueous comgentratiom gradient.

A1l that is veguised ir wmessuwrement of twe eleotrochemical pow
tentials acroes the Blesne surface, The firet potential (%) 1o
obtained with 0,15 K, NaCl st tﬁa tissue surfaga, This establishes
a reference polirt,

The second potential (2,) artses when the 0,15 ¥, Nell ie ve-
placed with s omeeto-ten dilution (0.015 ¥, MaCl). This provides
a8 concentration pradient,

The differarce, By, between the two potertinls may then be
wed in a basio wvarking equation for the saloulation of t.seue
obarge density, g« Because fixed negative sl [« density ie a
oaloulated value, 1t will be reflerrsd te for convenience in this
report as §.

The nucleus of the experimental . rangement is an eleotro~
lytic consertration cell construetad at the tissue surface.
Elestremotive force measurcments are made poterticsetrically in &
eireuit vhieh inelulen alternately two modificeticns of the oore
centration sell, The difference, E;s betwsen potentials obtained
with the tve modificstions de called the diluticn patertial axd
de glven ip millivelts,

The dilution potertial, ld, is related mathematically %o
the &ot_:lity of fixed collofdel ionic charge in ecuivalents
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por kilogrem tiseue wster (g)s The relotiomehip depende upon theo-
roticel considerations developed by Venderson (44,45,79), Denman
(72), and Nermet (34,47), and wes derived by Joseph {%4).

The experimental preparatien (Figurs 1) requires en slectric
| potential measuring device, calomel slectrodes, and an animal [re-

paration with a suitable exposed tissue surface, The central con-
centration cell comsiste of two half ecells.

{1,) Begerding helf cell: gilute MgCl selutien in contact
with the extermal tiesue surface and with the recording ealomel
electrode, v ‘

{11.) Befarepge helf cells $ispue alsctrolytes of the animal
preparetion in liguid continuity with the reference csleomel elec-
trode,

Thue the tiseus surfsce forme the liguid boundary between
these two concentraticn helf cells. The complete cell is a cowe
posite, It may be written (Bg, 1, next page)s
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Figureg 1 and 2 show a representative preparaticn for deter—
minaticn of eolloidel charge density of cersbral white matter of
the eat. Sabuwrabted ¥01 solution cf electrode arms sxtends tlwough
face a eotlon

3 LT T ik & — T ) & 8w
tubing to the tisgue surface, 4Lt the tissue suwy

L83

we saline sclution. The

L
5
-]
}...
L]
™
o
&
}w‘
s
=
O
]
ok
e
({:
3
1]
(v
&
By
fa
o
-
73
e
&
[
ka
[:)

ell is interposed bo-

‘4 . P ), e - T B b — i
bween the WOL and the tissue surfuce by cme of these two melhods.

Yore wpecilically, tie peaswresenits of colleidal charge den-
sitles; x, are derived from potemtial differenmees, Bg's. I4's

are obtained by constructing two medifieations of the extermal

’»;3:% sording } half
T Rl T, e
{1,) Apply
o a =
3 iqﬁ.e ) P BITOVE

agailn debter-

ming IME

The differsnce Debween ithe twe I determinetions provideg the

R T Sy SR e B g a2 ~ g i Pl % ALY oud 2 i
dilution potsntlal, l.e., Bq = By = 83, The dilubion gotentxa;g Egs

i substituted into {Bg. 9) derived by

Joseph {54 ; to obtain the colloidel charge density of the tissue
in equilv, kg, tissue water, x.
-

Four 1iguid junotions occur In the complete cell as writlen

5

fon, £ - i Tt e b z . s £ Wl
gbove (Bg. 1), Two are found between a dilute solution of FaCl

Pers &

and satureted L1, The potentlals at these junctions have been con-
sidered to be isherently small, opposite im elgn, and approzimately
egual in megnitude.

A third liguid junetion occurs between the tiseve and .15 N,

Hall on the reference side of the eell. The potentisl developed



hore i unkpown, but eince this portien of the eirouit iz not
pltered st any time, it i¢ ssnumed %o be constamt.

The Courth liguid jurmetlion ecrstitutes the recording site at
the tlecve surface. At this point the twe corcertretiome of Wall
(.15 ¥, epd ,015 ¥,.) are applied in successiorn. The differerce,
T30 betwcen eleotyomotive forece of these two mediffestiors of the
sorsartration coll i ther considersd in the follovirg wemner {51 e

i, with 0,15 ¥, ¥aCl at the tissuve surface,

By =48 ¢ By 3s)

-

48, with G,015 B, Nell ut the tiscue surfoce,

Ey =% + Bs(.;29)

411, the calculation of ¥y 18

(rqo 2) By = By = By = By cus) = Fy(,19)

wheors ¥y 18 the dilution prtential e deceribed above,

By is the tetal potential differerce bhatwcon calowel electrodes
whon .15 H, Mell ie applied to the tiseve surface.

’1‘12 iz the total potentinl differsrce Letween calomsl electrodes
when 015 ¥, ¥all 4s applied to the tissue swrface.

£F 48 the gpum of ull potential differences in the cirouit
axoluding the ligvid junctiorn potemtianl st the tissue
surface., This sur ip consldered ccrstant for reasors pliven
etove,

Fi(.15) 874 By ey OO the liquid jumetion potertiels ot the



wdi g

tissue surface when each of the two concentrations of dilute

NaCl solution is applied.
The tissue surface is first expossd tc .15 N. NaCl and iz con-
sldersd to be in thermodyneamic equilibrium with this solution. The

corollary assumptions are that

By( 51 =0 amd B orzy =By

The squation of & NaCl corncentration with transference is
(Eq, 2) E =2 t; RI/F 1n mg;/mg,. (67)

where the electrodes are reversible to chloride. In this equation
mg; and mygs are the molalitles and activity coefficients of the
electrelyte on the two sides of the liguid junction. t, 1s the
cation transport number, i.e., the fraction of current carried by
Na+. E is the EMF in volts. B, T, and F are the gas constant, ab-
solute temperature, and the Farsday electrochemical equivalent,
regpectively.

Since t, + t_ = 1, where t_ is the anion transport number,

substitution into Eq. 3 gilves

E=(t, -t +1)RI/F 1o mg/mgy or

(Eq. 4) E = RT/F 1n mygy/mogy + (ty = £.) RT/F 1n mgy/magy.
{4..) (11.)

Nernst's origilnal interpretation of Eq. 4 (47 ) considers the
two right hand terme as representing (i.) difference between elec-
trode potentials, erd (ii.) liquid junction potential, respectively.

Inserting pumericel values into the latter term (ii.) and equating



it to the dilutlon potenkisl, 75 in millivoltes gives
{%a, §) B, = (¢, - t.) €L.7 log mygy/mag, at 37° G,

derivation of the besic worklng equation for g

Joseph (52 ) hos taken the value of m g, a8 0.15 for tissue
surface i equilibrium with 0,15 N, ¥ell, When Q,015 K, WaCl is
ther appiled to the tiﬁeua surface

By = (¢, = £} 6.7 log 0,15/0.,015 eard

(wa ‘A'} F@ = é‘ln? (@,ﬁ b %*}w

In Bg, 6 the ecncentration of 0,015 ¥, MWaCl is substituted
oumericelly for mogs. |

By le then shown ae related only to the trarsport mmbers of
Ra+ and €1 at the tiseve surface. Tr&nupnﬁt mmbere are rolated
in turn to eolloidal cherpe density of the tisaue ig the followirg
WaY

i. assume irderendent lonie sonduetareces

ii. take relative eguecus mobilities ap: ¥a+ = 1.0; Cl- =

1.52. { 42, 51).

iii., define traveport mmbers of the twe iore ae
(Bg's. 7) ¢, = 1.0 {Me+)/[L.0 (Fes) + 1,52 (23~} ava
8 = 1,52 (62)/[1.0 (¥as) + 1.52 (03-],

where (Ya+) and (01~) sre figeup gurface concentratiors of the twe
ions. '
Aocording to Donran the preserce of fixved ionic cherger in a

tuo=phare eyateom afleste the equiliveive distribution of lorme L
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tuween phases., A fizxed enionie charpe density in a colloidal {ineide)
phage incresses the local ecomcentration of cation while decressing
anicn concentration, Changes in corsentrations are congidered re-
lative to thelr eguilibrium concentrationg in the noncolloidal
{outside) phage, Whern g represents s small comcentration of non-
diffusible enion, the follewing appreximationg of diffusibie,

eolloldephese ion concentrations mey te made (72 ).

(Pa'e, 8) C {Ne+) = 15 4+ »/2
(€17) = .18 = w/2

These aﬁpmximtiana pre given ir thelr sppeoific application to a
phage in aguilibrium with ,15 ¥, NelCl,.

¥g's. 8 may be comdined with Fg's, 7 te obtain expressions
fer trensport numbers {t, and T_) in terms of g, Transport number
e related to Ty in turn by Bg, 6. In ewwwary Tg's, 8, TQ'e. 7,
ard Eg, & srs combired to express a direct relationship hetwean
liquid boupdary potentisl (T,) and eolioidsl cherge dereity ().

Joseph {51 ) has derived a relationship betweon Tg and g
beginning with the ideal term frowm Fenderson's theery of mizture
boundary potentials, All of the conditions end expressions cited

here are emploved, e errivee at o bas

for the slectrometric equation

(m»@} o =E°_*2{}63:.

In this expression E§ ls the value of By et sero celloidsl

ekarge depeity. This iz cengidered se corstart vnder controlled
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conditions, mest Impordantly, pH*. It ie ocaloulable with EBg, 6 and
Yg's. 7. The proporticmelity factor, 206, depends en standard
mobilitiee of Fat and Cl-, and assumes that they ere independert of
%. Mhocordieg to Joseph, Yngel, and Catohpole (54 ), the derived
relationskip betweer dilution potential awmd colloidal eharge den-
gity (Pg, 9) "shovld be repurded as s firet approxiration, leeding
to tentative valuee of x.M { 54).

In surrary & relstionship hse been derived by Jeseph which re-
lntes diluticn potentianle obtalined at tiseuve surlaces to the core-
respending eolloidal charge densities, Determirations ere made
potenticretrically giving valuee in millivelte., Charge density
1s ealenlated by means of the derived bseic werking equation (Fq. e}
piving resulte in eguivalente of anionle charge/kg. tiseue water.

Conditions and aprumplions of the methed include:
gonditions 1. Eleotrodes should be reversible to Cl-,

ii. Conduntanee pathway should be established thyough
the tiseue surface.
111, Tipsue surfece shounld be expesed Initially to 0,15
W, ¥aCl,
iv. 0,15 H. MaCl should be replaced by 0,015 N, FaCl
for determivetion of ¥g,
gasupptiong 1. Irreversidble processse a@@ﬁrring at the three peri-

pheral liguid junctiene ghould net interfere signi-

The value -3 ™. is not velid below pH 3.7 because of the high
conductonce of B+, Jogeph chtained other figures for lover pH'e
by ineluding '+ mobility in concentrationg in the esleuleation of
%, (g, 7). Fie velves ave =10,7 nV at pH 2.9 and «i4.4 =V at

p% 2.2 { 51), Thess values wers used in the present etudy when

% was caleulated at these pP lewvels,

¥



Y

ficartly with determinstion of liguid Junmction
potentiale at the tissve surface ( 47, 72, 79 ).
11, Tigsue surface should be in tharhodynamic eguili-
briuwn with 0,15 ¥, ¥atl ( 53),
$1%, Tissve surface ghould provide e continuous mixture
bourdary, satisfying conditions for epplication of
the Henderson equation ( 44, 79).
ivs The approximations describing jon distributions
under Donnen membran conditions shounld be valid at
the tissue surface. |
7o Jonie mobilities in the tisgue swrface should be
dequately approximated by their velues at infinite
agueous dilution { 54),
-vl, Tissue colloid ghould be lmmobile.
vii. Other considerations of free energy change,; ©.2.,

water, should not interfere {79 ).

Sublectss
he cat provided the principal experiwmental gubject in the

v}

present investigation. Both gexes and g1l apes past the weaning

gtage were used, Most were adult females, Klectromeotive foree

cerebral white mattor, epinmal cord; dermis anﬂlcaﬁ%ai cartilage,
Colloidal gel preﬁaratiom@ coptaining agar, carvageenin, erd/or
gelatin were used for studies jin vilbre.

Bouipments

e p 2 - 54 o
Electromotive foree measuring apparatue wel@ ezouer
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Dgure 1.

- Diagrers of material used in electreometric determirations
of charge densitics of CHED of the cat.

6. Prontal sectien of brain shoving exposed cortex of
henipphere on the left and exposed white matter or
the right. Selire-moistened cottor pellete are shown
gttached to the syedropper-tipe of the electrode arm.
The cotton ie lightly touching the tissue surfnca to
form the recording liquid junetion.

be The electrocherical circuit used in the determinetions.
& eylindrieal brass reserveir is shown implanted in the
centrur gsemiovale. The eyedropper-tips of the record-
ing electrode {on the right) contect the tiseus surfoce
by dipping inte salire held in the reserveir. The so=-
gond nethed of forming thig recording junetion 1s shown
in (8.). The cat's tail centacts the referemce calomel
electrede through s beaker of saelire,
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Electrometric Study of Tissue Surface-
CNS of the Cat

sat’d KGI
sat'd KCl-agar

cotton pellet
(dil.NaCl +
e 47U0S,

exposed centrum
semiovale

exposed cortex——s.::

reflected pia
mater

calomel electrode

sat'd KCi-agar
tip
potentiomete

/e

«—=TEServoir
(dil. NaCl +
drug, efc.)

reference
tissue junction
(dil. NaGI)

asbestos fiber
‘or KCl-agar fip\\
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i, Peckesn Zeromatlic pF meter with millilvelt wetering eirenid
modified to increame gensitivity by a facter of 10, or

it, leeds=Vorthrup K-l potertiometer with Nubicon galvancmeter.

The potentiometer wes bulanced aﬁd read by an aspistart -
& process regulring 5-10 peconds for saech resding.
Fleotrochemical potentials derived in part from the tissue sur-
fece wvere transmitted in the feollowing seguence from tissuvs to mee-
guring device., Sec Jipures } and 2.

{1, dilute NaCl golution at the tirsuve surface. Thie is held in
@ beaker at the reference surface {cat'e tail), and in (a)
bress reservoir or (b) ecoiton pellet at the recordirg sur-
face (brain or cord),

ii, saturated ¥C1 contained in

@. fine glase pipet-probes tipped either with e satur-
ated K01-5% aélr plug or & fine ssbeetos {iber.

bo flexible %ubing continuous with the sidearms of
the ealowel eleoctrodes.

111, saturated KC1 {20° 0.} calomsl cells,

iv, ingulated wire 4o the potentisl-reasuring device,

salubiong:

folutione used at tiesuve evd gel surfaces wers prepared with

distilled vater and bad the follovwing specilicetlons:

i, titretion buffere at praded pl intervals from pH 2 to pH 9,
Tach iz prepared %o eonsist of 1425 %o 150 equiv, Ma+/L,
and ,135 to 150 equiv. C1-/L. One or two of thess compounde
ware added in amoumte appropriate to produce the desired phH

in & polution of ionie strerngth 1% L, scetic aeld,

3



sod i amtamg %mjm s sz}%, HaliCo 39 and N f:‘{'.'ﬁg
Vetheds of preparation of sach buffer are tabulated in
appendix 3 (51, 53).
i, 015 W, NaCl and (15 N, Fall,
114, drug eolutions in relevant concentrations.
8. satuwrebed golutions of dipheryihydanteln sediun”
In 15 W, ¥aCl and in ell of the p¥ graded salive
buffers {aprendix 3}, Colubility of thie drug is
reported to be only 14 mg./ml, (,00005 ¥,) at pit 7
and below (18 ), In el} solutions used concertra-
tiore of less than 0004 M. were ssgsured in prepe-
ration, When dipherylhydentoin (Dilartin) ile used
in the treatment of epilepsy 1%e expected brain
concentrations sre reported te be 0000 M. te 0001
M, (961,
be cocalne HC1 Q0015 M, in each of 7 pF graded selipe
buffers, lethal doss im ram iz 1.2 gm. (89 ),
whick would give 00007 ¥, if dietributed in beds
water,
¢. cuabaln 0001 ¥, in seeh of 7 pHl graded seline
bufferse. This ie¢ the reximsl concentration used
by Yeshida et al, {110 tec effect biochsmical charges
in bralc elices, including F+ depleticn and ¥a* re-
tontion, Yoluticns were protected from liszht,
d. ethylene {dinitrile) tetracetic acid, discdium salt
(FOTA2¥e} .02 ¥, solution inm & saline buffer, p¥ 4.0

{eprondix 3},

" Dilantin sodium.



3o

Specific Vathods

preparaticn of the ¢cllioidal surface

Freparation of cata, tiscueg, and pels is most succinetly
presented in eutline form,
I, Preparation of tha cat fu?rﬁhu exparimental procedure reguires
1 = 2 bours.

Ae A2 %0 4 kg, cat is amesthetized by one of two gemneral

® o
1. Pentobarbital sedium™ 30 wg./ke. is given intrehe-
paticelly-intraperitoneally or intravencusgly as nreeded
throughout the procedurs,
1) s P Y 3 17 2 bad
2, The est 1s etherized. Gallamine triethiodide, 1 mg./kg.

is then glven intravanously az noeded 4o inmobilize the

A %

wl while anesthesia is conbinued by one of two
other mesns.

a, Gagsserian ganglion is blocked bilaterally with
3,37 tetraceine w1 1 2100,00 epinephrine for

gtudy of the earebrum {111},

o7

+ Uecerebration le eflfected in the tenturisl plane
for study of the spinsl cord,

B, The cat is secursad in & Coermak head holder,

[ =]
t-3

3
e
[&]

following eurgical approaches are made as indiecated by
the amsathetic and tlssve procedires. Inclgiong are sewn
closed following carnulation, decersbration, etec. Tetra-

saine-goaked spornges are left in closed wounde when loecal

aresthetic procedure is uged,

¥ g 5
veterinary Nembulal

Sx3 . aa9
Flaxedil

Wi
Pontocains



1o & tiacheal sanpula is alwave inserted and secured.
Carstid arterles are identified with loope of %hreed,

e

or ligated if the animal 1s to be decerslrated.

2, & femorsl eannula ir insgerted and secured for in-

2. An area of dernie is expoged et tin of cat’s tail te

wrovide a lov-res?

ff)

taree path tec the reference cs?nvei
alectrede,
4e The cersbrun is exposed by a nidlire dorsal stin ir-

eision and divieion of ruseler at their origins,

ik - 8 o 2 2 Fn . oy s

Sone of the skull is removed with a rongeur and the
. a : | P 3 | - e e 12 - &

dura uater is reflected, Done wax steps dipleie

R )

pinal eord ie exposed throush a midline dorsal skirn
incision, Muscles are divided at thelr ecrigins on
the dorsal epines arnd dissected laterally from the
laminae and latersl procesges with & gealpel handel.
Complete lumber lamineciosy i secomplished with a
ronfreur, Spinal dure is reflected.

D. Preparetion of surfaces for determination of Tq Gepends

upon the tissue concerned.

1, Cerebral cortex is exposed by stripping the nia nater

from a broad gyrue using & fine, toothleers forcen, A

=]
o
=
o
&
fﬂ(l
r""
]
falr
o
=
2
b
e
-
3]
"‘3

2 mater provides a grip.
Vepsels must be avoided. Folded pia mater bleeds
iittle. Orose bleeding usually stops with gentle

a

cotlon packing. Ooging usually persisis ard ie commenly



troublesons,

[

2, Cerebral white matter is exposed by excising all or part
of the upper € « 12 mm, of cerebral substarce along a plane

riergecting the frontal and occipitel peles. EBlesding

et

Pk e | 5 g . -~ " : - - -
is ofter eonsiderable but is ﬁt&gpﬁ& with gelatin sponge

1

patier of the doresl funmiculus of the

R

o3
O
3
a
F ol
b
ads
=¥
]
s

3. Epinal
gpinal cord is readily expesed by strippine back the pia
mater. This iz faeilitated by the re ative toughnecs of
epinal pia mater. FSurface drying rether than blesding or
ovczing iz mere of & provler with this tissue.

Fond

IT. fGels were prepared for deterzinations of Iy end caleuiations

. * P
of x from cclleldal swfaces in wiftrg. OCelatin, a scluble
» M

i #19 - B "
derivative of sollagen, sgar , and carrageenin = seluble

J

derivetives of cert ﬁim seaveads, wsre used as powders. The
seaveed derivatives are mobed for sulfuric scid ester groups,
especially ca%raue%nin, The powders were welighed, added to a
salt solution, and heated near boiling until clear, The gels
are cast in poelyethylene tubes of 3 mm., inside diareter and
10 em. lenpth, Thie is secemplished by lvmersing the tubes in
molton gel and herdeaning by eooling. The filled tubes are then
removed from the gelatinized rass. (el surfaces eve prepared

for electromeiric study by cutting throurh & tube oblic auely with
X £ “4

& elean blade.

ot I et

# Baker, U.S5,P,
##% Difco HactomAgad

k%% Seskem Mose 14
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fltretion curyeg

Titratien nurvéﬁ asre obtaimed by applying the series of pH
greded salipe buffers. (Avpendix 3)ﬂ Correspending values of ¥
ere caleulated sgainst pll. The peints sre Jolred to give a titra-
tion curve of a colleldal curface.
dupction metheds; determivetion of B,

Two slightly differing precedures vere used im cbiaiming
values of B; from tissue surfaces. (&) recervolr method and (b)
cotton pellet method. Both give s wesn value for dllution poten-
tial, ?ﬁ‘

(a) Tn the firet series' of determimations of cersbral white
matter a eylindrieal reservoir was plunged pert way into the exposed
swrface of esnirum sewievale, The lumen of the eylinder formed a
vater-tight cup with the eut white matier surfeee as its ficor, &
L x 8 mm, breee eylinder wae uveed, It had 2 0,5 mm, wall and &
sharply bevelled culting edge. I8z surface was made satisfectorily
hydrephobic by veseline,

Sclutions ;r& introduced inte the veservolrs with needle
and pyringe, and removed by aspiration through a blunt #27 needle,

One of the solutiops aprroximeting 0.15 N, KeCl is
placed in the reserveir. 4 reading of By to the nsareet 0.1 wV is
quiekly (about 30 seecnds) takem, The selution ls removed, The
0.015 ¥, ¥all solutiom iz introdused and E, gquickly determined and
recorded, The dilule selublon is aspireted smd replaced by 0.15 K,
¥aCl1. E} ie then redetermined. If the two valusg of By differ by
less tham 1,0 2V they ars averaged. Otherwise the trie of readinge
ie disregarded snd the progess repssted umtil three successive

values of By 1ie within a ramgs of 1.0 =V.



These rajection limi'e are arbitrary, bul are considered

Justified beceunse they indicate a charge in teseline potentiasl.

Bageline potentiel, ., depends upon & nurber of wkiown Fachors
¥ .L’ ¥ ¥

%,

(£72) in the slestrochemical circuit. Hejsots ir thls precedure
amount to 10 te 20% of ali sadinge.

ey, - - . 5 i - ’ A 8n e o o
ihe three guccessive accepled values of & are averaged,

S EEL v o Lo 2 5 N 2 . o e
£ ving fh:‘« gﬂ_ﬂ P aiintion Qat lﬁ“i::‘:ﬂl"‘fv \&, ier use 1in vm{h'ﬁj*_\‘lﬂ ealoie

{b} In sore of the determirations on cerebrsl white matter

Eod

and all of the work with ecther tiscues saline solutions were applied

' "

to tiesus surfpces in moislenad coblon pellets, A mumber 1, 2, or
3 pellet of dry dental cotion is affized to Lhe fine gless pipet-tip

B gy, , [ - T & bkl e g o -
of the calomel slectrede arm, The peliet is irmersed momentarily

2 ke daciwad antoakd o Vlotted with 8 eleun renze svonse and
I0 e aeslyed soLutnion JAOLWEO WANE & QL8N Fause spOnse and
& &
s A & g L R o The THMP 4 B i o
applied gently te the fissue purface. The is then determined,

P - - . S e g o - ez Ay % U R o
One of the sclutione spproximating 0,15 M. Yall is applied
W 2 . - 2% Y, - e Bome i P & il
until Ty ig regulerly repreducible. This ususlly takee 1 to 5
. o —— = o LSRN iR e SpITR o e
minutes., Cenerally cersbral cortex reguired the longer irterval

to "equilibrate”, lyelineted tileeves were mors rapid. Celton

peliets ecortaining the apwozinately 0,15 ¥, %all solutions and

pelliets ecrtalning 0,015 N, "all are then spplied alternsteliy.
Soaller pellets are used with the 5,015 ¥, Hall 4o sssure that all
of the recording tissue sile Las been exposed o the 0,15 N, Fall,

\lternate applieations of the two

&

veadings of Ty and Uy in less than 2 m valunes

' Ty are averaged if they egree within 1 mV, The averasre to tweo

wracted from the intervenimg "o teo give the dilution

™ values ls gub 2
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- 2~ " [ X e et § " e - dasd £ 2k AP ——
povenuias, | ‘de siaserpete readin ¢ contivane until Tes OF ImoYre
= 2 g '- - T o mas o v e—— - o S il P,
gucesgplve values o 4 &gree within @ G L %0 £ ¥, ihe

sl

mean of succesuive Tg's provides g Yur use in further calcy
ng., Such a p"“f,‘,e-*“w iz reccgnizably vulperabls to the en~

traree of subjective factors the gquality and validity

, means are used %o
comtrol this facter, lee., the cedine of polutions and study of
thelr corperative effscis on Sge Tr this manner specific identities
of the contents (druge, ete.) of the solubions are conceaied from

& B S e B LTl v. & iT e e QUG W (U _ " R——
w8 experimenter untll alter Lhe determinations have been mads.,

J
Ll  Rawthe aidT y 5 g ol 4 " & o - L Zapt 2
This device will be discussed furither in comvection with ind ridual
| s o v e € e w02 AT Bl i ¥ e hmm A P g A - £y e
Jetermivaticns wilh gels jn witre is aceomplished using
eyl g 't €3 55 } ;331" s sb *L oy 56 Rl T TTm L oman I e,
LOLE ned cotlon SLLiET O 8. LY bse TOANE BCGLUGAGLHE, h SFaleEraencd

@

=iy P 4 At TR bl bowr A g d s b =
sur.ace Le evuasialished by immersing the xbj‘““»

- bt
bube and the

srm of the refarerce electrode In a com on vessel of .15 N, NaCl,
The gel-filled ture is secured and gal tions appiled, Unly one
resding of ¥ is nocessary. sxperience shousd Lhet z second reading

%, a4 om e

contribubes no additiomel informstlon, ¥y rerely changes, Dig-
parsion of resulis ie low becaise surfaces caprict osze blood and

s - - ¢

e o ™ PRSpAY gy v 5 & CATR [T EE R —_—
do not Lerd to dry rapldly. Jtandesrd deviedicn estimatec L&

o e

Y . & o e +
are regularly 0.3 to 0.6 vV, Compression of tle swrfsce ic a
hagard, Compression ie cbserved %o alter Yq and lead to higher
culated velues of gz.

e of ecilon pellels at the tlssve surfacs wne adepied

sons wers fourfold:

e . N ¢ ¥ n g e s W o} .
after the methods of Jozeph, Fngel, ot al,

P
2

e

o) to irerease securacy and precisiom, (1ii)

T T TS $4 -
\ie/ Lo save tinve,



Fiia

- N i
2o reduce traums to the tiesue surfece, {iv.}

to ellninste ary
posslbility of electrcde offecte with metel gurfscer [ressrvoire),
The trawe ascwolistd with the use of oylindrical recervelirsg was
belioved to be due iu large pevi te the use m* nigdirection of
soedles at the Lizsue muarflaga.

precliuion of Uy determlzations

&g values wers moted to have cbanged with the adoption of
use of ¢otton pellela. Cae Jogylts eection. iTecisior wer not
appreclably afrected. Steandard devistioc estirates (g) rermsiped
in the rangs 6 to 1,6 for tiscuse. TVieswe trowa was lesserad,
Kerkles tive for determinstion ol & alogle %‘d decreased Dror
5w 15 winutes to 2 » 10 mirubep.
statigtienl urcceduras

Four gtatistical procedurss vwere used in evelmstion of results.
Fxamples of parts of the culeulatione appesr i the tables and
ag:pa-nd.&.cga.

In ﬂm uge of theee teste the mull hypothesis wae relected
{the difference war corsidered significant) 1w any irstance im
which the teet belng ueed indicated that the experirental resulis
were unlikely %o ocour by chance alone. A probebility of cceuvr-
rerce of not more than 5 times ir 100 such experimente vee con-
gldered unlikelr or "significant,.” The result of o %est will be
swmarized in the Hgeulls section of ¢hie paper by the vord, “sig-
pificert,” fellowed by o symbol with s subseript. The symbele will
be elther 4, ¥y, B, or ¥, and the subseript will usually be .08,
The eymbole will indicate the statisticel test employed (see below).

The subseript will iniicate the cutef? probubility level used in



4l

deciding whether or net & result i wnlikely by chance.

The four tegte sve deserived briefly hers, and their symbols

are given,

1.

1z,

L,

.

t =~ The t distribution is used in the % et (Tabls 14).

The ¢ teet (20) compares twe means and is designed for pamples
of 25 or lese.

F == The ¥ distribution (20, 20) ie uweed ir the gpalysis of
waciapse (Takde 12). The smalysis of variancs compares mesns

~ of more than tve samples. It mey be used Yo test several

sspecte of categorised data. It becores mopt powerful when
data 48 highly categerised and all peselble varisbles are
considered in the test.

R o= The distributiorn of F iz an essentlal part of & test de-
vised by Duncan (21) te obtain rore information fros amalyses
of variance, This tesd will be referred %o for convenience
ez the "Duncgn spglyvgic.” It compares individual memrs in
an anslyeis of varlarce one with another,

P «= The distribution for the gign test (20) is designated
here by ¥, The sign test ie best desoribsd by an example.
fuppose that an experiment ylelds rerults that can be paired,
Ay with By, Ay with By, ete. If the A member exceeds the B
momber in a large proportion of the experimerial peirs, 1t ie
likely that A szoeeds B, The sign tert simply considers the
prebghilit, of ccowrence of this prepartien,

In gumeory a result may be deseribed as "significant (t  ps).®

This will irdicnte thet the ¢ teert shovs a probebility of cecurrensce

by ehanee alone of leee than § times in 100,
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Sxaluadicn of solutlons aud instvuments

Oimple concertration cells coretructed with £ilter paper proe
vide tertative evalustions of selutions, instruments and goreral
mothod. Sfalire-molgtered Whatman F1 £ilter peper meunted cn cleas
micrescope glides wae uped m& this purpose. Ths liguid JSumotion was
formed by plecing two slidee with molstered filter pepers eide by
side, then bridging the space between them with a third molptened
paper. Jghle 2 shows DFae mensursd with reference solutione, 0,15
¥, ¥aCl. For weference purpnees serce iz obtained u:a@rmnhmy
using the fellowing oell:

slectrode; .15 N, Mally 15 8. Mal; electrode

This fundamental value mey deviats as mawh as 1 ¥ from the poten
tiometer null in the reseuring systew used, |

Figuwres in Ipble 2 are means of single messurements carrisd
ovt on 3 « 5 Lresh preparatiors of the given cells. Parges of owe
porimentel valvee were 1 « 2 »V with 005 ¥, "all as the veecrding
half ocell, and 0.2 «» 0,3 a7 with .15 ¥, ¥ell as the recordirgy half
cell, » v

TABLE 2. B OF PILTIR PAPER COTCENTRATION CFLLS,

recording reference helf cells conteining molutions
balf cell approxinating 0,15 ¥, Nell

dilan~
RaCl 15 N. %in®* in divalent pet:] iorg 02 K 4n 13 N, Wil
HaGl. ReCl  Cade Rads Mgis Oudd Hpss Poes BDTA
W15 X, ' Dol w0,7 w07 =08 0,8 40,4 .0 0,8
0,018 &, i, ¥ «l0s8 @ls? «1le3 wlled «8,3 «3,9 «3.4

:*diphswlw:hmein ¥a
-8.2 mV with .13 N, NaCl
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Table 2 shows a range of I values obtained with sclutions
used to approximate 0,15 V. WaCl in the following etudies of bio-
logicel colloide. Caleulated value for Fy .in the cell

electrode; 0,015 ¥, Well; 0,015 N, Nall; electrode
is «12,3 m¥, Mozt of the resulis in this study fall between O
and =10, The cloper the negative welnes of Fy approach sero, the
greater ies the caleulieted value of regative colloidal charge den-
sity, =, according te the basic working equation (Fg. 9).

Previous work with the electromstrie method was done by its
developers, Thelr primary cubjecte have been living connective
tissues, rather than tissuss of the nervous system. Figure 3 shous
titration curves obtained during the course of the present investi-
gation, The data were obtained fror an adult cat. S8ingle surfaces
of dermis of the sbdomen and vostal cartilage were exposed for thie
pimrpose. Digure 3 compares data frem thege Ywo connective tissue
surfaces with the published data of Fngel, Joseph, et al. {51). The
letter were derived from eix rabbit preparations, Both the dermis
and eartilage curves ob%ained im the present study of the eat imply
lover values of x thﬁn those given by Fngel, Joseph, et al., Simi-
larities in form and magnitude are, neverthelees, present.
Tauilibration of

Study of gelatin and sulfated polysacecharide gels was underteken

as ancther means of evaluating the elestrometric methed in vitre.
The faet that the central nervous system has 2 high E* content
must be reconclled with one of the bapic assumptions of the elsetro-

metrie wethod, This sesumption requires that the tissue be in thermeo-



dynamic egnilibrius with 1% ¥, NeCl, whieh for these purpcses
aprroxinates serum or extracellwler fiuid {51}, Two different gel
preparaticns were used in the tentative svaluation of the "equili-
brim® essgumptions EHoth were originally made to contain a mixture
of 1,50 agar and 0,6% gerrageenin. OUme vas prepared with 0,18 W,
MaCl, the other with Q,09% N, ¥C1, 0.0%5 B, ¥NaCl, The latter, F*-
containing, gel preparation approximates the concentratione of the
mejor cations in whele brein, Carrageenin was chogen because it ie
& strongly metachromatic polyenion containing galactose gulfurie
acid estere similar to those in white matter. Agar wae chogen be-
cauge of ites strength and ite similarity ¢o carragesnin,

~ Tach gel was herdened in a 1 ¢m, layer befors being covered
with 5 volumen of its respective selt solution at 4° C, After five
daye of eguilibration at 4% C,., the clear salt soluiions vere care-
fully decanted. The decanted liriucru from both preparstions were
equally metaclromatic (toluldine blue) by inspsetion, indicating
that the sall polutlons had exbracted a emall ameunt of polyanienie
material from the gele.

The Ke-gontaining gel was Tirmer and stronger than the gel eon-
taining only Wet., Messurable gwelling ocewrred In beth preparations.
There vere ircreases of waight of 120T in the K+ gel and 2408 in the
gel containing only Ne+,

The two egquilibrated gel prepersiions vere then covered and
promptly melted without beoiling, Twenty minutes afler decarftetion
i the eold, the mollern gole were cmet in polyethylens tubes, A1l
procedures, incinding subeeguent slectrowetric stuvdy, were performed

on the two preparations in parellel fashiecn,



Li
Ris

Clags electrode measurements of each gel preperation ghowed
pH 7.4, The gel-filled polyethylene tubes vere refrigerated vhile
immersed in their corresponding salt(s) solutions wntil their use

ele did not apvear to swell

3

in the olectrometric nrocedure, The

f:

during 7 days refrigeration, They were not welghed,
Application of a series of 7 graded pH ealine buffers %o 6

surfaces of easch of the 2 gels gave the series of means of By shown

*

in Igble 3. Corresponding values of caleulated charge density
aprear graphically in Figure 4. In this procedure each gel purface

wag placed for 20 minutes in 0.15 B, NaCl for "equilibration®, prior

to determinations of Eg.

TABLE 3. COMPARISONS OF Ey's FROM GUL WITH AND WITHOTT APPRWGIABLE X'
Qriginel pel eations

(&) (B {e)

o185 ¥, Na+ 095 K+, (B) corrected
— aQ38 B, Bar  for volume
pH 2,2 =76 «6,0 «5,9

:-“7} 20@ "‘:}a{? “'aal a?..?
zﬂ 3.7 ‘@02. "'808 “"goi

E’“ !&l‘{) ‘”9023 "'{%oﬁ'!} "8@?

ol £,0 -9.2 -8.2 8.6
o Tudh -8,7 -7.5 <29
pH 807 =f,8 w?,{ ...S%,,f’j;

E; values scmewhal necrer to sero are noted consiletently with

*

the X% gel, even with correeiion for the 209/140% less aswelling sus-
tained durirg preparation. Sfuch 2 corsistent digparity is signifi-

cant (P g1) according to the sign teet {20),

nN s n ,
The disparity betusen the ¥& cortaining and Yel only gele is
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wvidened when the same K+ gel is expesed to .15 N, NeCl for only 5
mirutee. Figurs 4 shows the high values of apparent anionic charge
density, x, oblained when the exposure of the K+ gel to .15 N, Wall
wae only 5 minutee, A S90-minute equilibration gave substantially
lover veluse of eanleulated x. Iovest values of apparent g were ob-
dained with ®infinite”™ cquilibration = a gel already preparsd with
215 K, MeCl and eontaining no K4,

The mean of 12 electrometric determinations of ¥y at pH 7.4
gave a caleulated value of § = 007 2 004 eaniv,/kg. for .15 N,
FaeCl gel, Sulfate eontent was not determined armalytically. Caleou=
lations from analyses in the literature { 97 and 105 ) indieate a
pilfate eontent of about 009 M. fkg, gel H50,

Piguve 4 shows an apparent ,016 eguiv,/kg. pppitive charge
density in the ,15 K, Nall gel at pll 2,2. This iz unexpleired,

Mo ‘fixed cationic groups were ¢o be ewpested in this gel preparation.

Chemical intecrity of tigene eurfaces.

sity of certrsl nervous systen tisaves emplsyed eylindrieal reserveoirs
to hold the recording sciutions at the tispue surface, In later ex-
perimerte eotton pellets were used for this purpeose. Table 4 shous
neans of %@ valusg, norresponding x velues, and other relevant date
pertaining te 10 cate, Five of these animels were studied by the
reporvolr method of establzhing ths recording juncticn: five vere
studied by the coblon pellet mathod. Anesthetic method wae pento-

barbital Na. Surgieal protedure was the seme in both groups.



TABLE 4o COMPARISORS BETWEFW CFRFBEAL WHITE MATTER RESULTSg
RESFRVOIR JUNCTIONS we, COTTON PELLET JUNCTIONS,

reservolr pellet
nusber of cate 5 5.

houre since aneg- 12=-1%8 =10
thetic indwetion

Bq in wV : -A.».”?‘ =le3

Z in equive/kg. 037 »058
The difference between Ei's is significant, % 040

Bistologic sections of both reservoir junsctien and pellet
Jonetior white matter surfacer were examined after staining with
toluidine blus at both pH 2 ard pll §, The surfaces within the reser-

vodr junction showed spprecisbly greater distertion of tissue archi-

tecture and greater celluler infiltration.

Three categories of nervous tilsegue were corpared,
(i) cerebral vhite matter vs. cortex

The first comparison used paired E; values obtained from 8
cerebral hemispheres of 5 eat preparations. FProcedures included
pentobarbital Ka enesthesia and the use of ecotton junctions, De-
terminationg of ﬁd begar with cortex, then prossede& to the white
matter of the given cerebral hemisphere, The means in Table §
show that the ealculated negative charge density of cerebral white
matter exceeds that of cortex,
TABLE 5, CCMPARISON OF CEREBRAL CORTEX WITH CEREBRAL WHITE MATTER,

gsortex white matter
He, of hemispheres = &
Fq in m¥ -3l 0.3

% in equiv,/kg, «043 058
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The difference is signiflen 05)
Titration curves of cortex and white matter are compared gra-

phieally in Figure 5.

(11) egeind white metter we, fromtal white matter
The twe eerebrzl white matter poles w vere com nared sloctrome-

trically using 4 reserveir junctions in 6 cats, Twenty-four mb«

servations of T 3 on frontal wvhite matter surfaces vere compared
W %I 24 T@ 8 obtained eoncurrortly from the eorrespomling scelipitel

surfaces, . The moan in both groups of 24 wasg «5,3 nV, An 1dentienl
nmmber of observations from contralateral hemispherses was cobtained
using a saturated diphenylhydamtoin solutlion at the recording Jume~
tiong., Ripht and lsft hemispheres reesived drug alternstely in the
6 succeseive experiments. Agein the means obtained from the 24
secipital and 2/ frontel observations wers ide antieal, in this ip-
stance =444 mV with the diphemylhydantoin Ma sclution, The data
appear in aprendix la. The difference between the control and di-

phonylhydantoin Fa Fg's is considered in greater detail below,

{i1i) eersbral white metier ve. dorsal funiculus
volloidal charge densities of cerebral white metter and spinal

3

cord white ratier were compared siatistieally using resulis from 10

cats, 5 in each group. The comparison betwveen centr.m semiovale and
dorgal funiculus of the cord iz of interest EOﬂavﬂ the two tissues

present myellinated suwrfoces to the electrodes in two different
ranners., Myelinated fibers of certrum semievele are cut cbliguely
ard transversely. On the other herd, surfaces of the dorssl eoclumns
of the eord are exposed by dissectinn and are lsft intact, Conse-

quently the spinal fibers run uninterruptedly threugh the plape ef



A

the liguid juvction. The photographs {(Pigurs £) of tiscues from ex-
perimental animals belp in visueliszing this difference. Table &
shovs almwost identical reens for the twoe tisesues, indioating very
gimilor enlevlated valuwe of anlonie density. Anesthelic was pento-
barbital Ya with cotion psllet Junotions.

TABLE 6. COMPARIEON OF CEREGRAL WHITE MATTRR WITH DCRSAL PUNICULUS.,

aorabral vwhite dersal {unilculiue

Noe of cate 5 5
Ed ""0«3 F -9@1
5 (eq./kg.) 058 60

Table 7 summarizes the most probable normal valuss obtaired thus
far., Vo aprreciable differsnee iz seen hetwesn the twe myelinated
tissuee, while x is lower in cortex,

ZABLE 7., CALOULATID NRGATIVE CRARCE DEMEITINS, 3 WERVOUS TISOUFE,

Tisaue Z in equiv./kg. tiseus B0

cersbral cortex L5

corebral whita «058 (ovcipital = frontal)
spinal white 080

Because sxparirental prosedures often required & to 15 hours
of narcotisation and pevere surgical trauma for the cat, the ques-
tion of "deterioration” of tissues has dsen econsidered, Oue approsch
to the evalmation of "deteriorstion” was the making of serial de-
terminstions of Ty with time, IS was thought that this prosedure
might detest changes in the cat preparation ss tiwe elapsed after
anegthetic indvetlon and surgleal exposure. With this epproach,

ssquence of Fy determinations lo comsidersd as en approximete measure



of tire slapsed and of exposure of the preparatiocn to the esperi-
mantal procedure,

Control wvalues suech as those presented in Table 7 were always
cbtained during the courses of experiments designed 4o compsre drug
effests, ete., Oontrol E, valuves were axra;geﬁ ag 95 sees Lpg
aceording Yo the chronslogical order of their determimmtion, M@éna
of X md given in Tgble 8 are taken Trom experimental dats tebulsted
In sppendix la and Table 11l. Analyee vaf variance aecompany the

S

deta {aprendix 1b and Table 12} and provide significance tests for

differsnces anong these msans, Significant (F p-) differances with-

a s
in rows in Table 8 ave indicated by an asterisk (*).

i 2D

”, L ¥ rf ST Lo
TARIE 8, COMPARTSOMS OF By's(n¥.) BY TIME INTRRVAL
e A

& a9

tisgue anesthetiec T, equals T o T ¢ T T
\aa,} 1 2 3 4 5 6

coertex  tetracaine~ 20«40 min, =4¢0 =3,4 =3.0 =2,2 =3,5 «§,2
gallamine

cortex pentobarb. 20«40 min, =3.0 =2,4 «3,3 «1.0 =3.,4 =1.3

¥ cord  tetracaine- 1020 min, «2.3 m=l,4 =0,6 =14 =1,3 «0.8
gallamine

* gord pentobarb, 10=20 min, 1.8 «0,3 «0.2 =0,1 ~0.,0 =1,3
“centrum  pentobarb, 60 min, =47 =5.7 =5.6 «5.,6
*eentrum p@nﬂobarhgg 60 miﬁ; =309 wheT =hed =hb
# valuee obtalined with diphenylhydantoin ¥a ir the iecordinﬁ solution,
Cord and cersbral white matter both show ehanges in mean B,
with time interval,
An extreme of "deterioration” of experimental ticpue ig created
by saerificing the enimel by exserguination. Ereaﬁhing stops less
than 5 minutes afier cutting both carotid arteries. Date from one

such preparation is tabulated in appendix 2. Muitiple determinations



S4e

of Fg were performed with gpeelal reference to time interveles before
and after deatl of the cat. Four reserveirs were implanted, one in
the whilte ratter suwrface of sach frontsl and ocelipltel erea. Anes-

tregla was pertobarbital Ma. The differences; =0,% »V,, between

pmeans befcore and after exsanrulnaticn is significant » - Cgually

e
»

o
P
14

L d

<

i

glenificent changes cccurred inm another cat preparation subjiected to
the game procsdurs, In the second lnstance the mean difference was
oleb m¥, Within 30 ninutes after the death of each animel valuss of
Fq were found that were more then 2 standard deviatlion negative to the
pre-cxsanguiration mean,
fegults Trow the two preperations have been ponled to give velues,
in terre of calevlated negative chavge demsity, of 036 eq./kp. living

end J028 eq./kg, post-exsanguination. This same lowering of calcu-

lated pegative charge is demonstrated in the graph, Figure 6, which

deseribes a similer experinvent.
Titration curves In Dlgure 6 show simultanecus corparisons of

littermate kitiens of the same gex. One wag parcotized with pento-
barbital ¥a, then expanguinated, The cther was congstantly raintained
£

with pentobarbital narcosis. The graph in Figure & shows that the

R

nen-living mexber of the pair preduces cconsistently lover caleulated

=

values of eolleidal charge density then does the living member,

Py

fign test of the 8 pairs of resulte indicates that this conpistent

8

S 2 r i
relationshi

is significant (P q-11)‘,
W0

e

Ap nn ineidental finding, decreases in abpolute valuves of FMFg
(B and ¥y} were often noted as an animal passad through terminsl
stages, This was obparvel not only with deaths from krown eauseg,

guch as oxsanpuination, rallemine tristhicdide overdosape, pente-
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berbital Na overdosage, but alsc with deaths from unknown causes.
Cuabaln

Cardiase glyeosides have been reported to aéuﬁa a net B+ efflux
from excibeble tissues such us dbrain slices and wyecardium (37, 110,
84). Ousbain ,0001 M, in seline buffers was applied to eercbral
cortieal surfaces to see if this efflux, or any related phenomena
could be detected by the present methed. A4Anesthetic method wae
tetracaine - gallamine,

Yaired druge-control data was obtained from 7 cersbral coritex
surfaces in 3 cats, No net differencs in ¥y was found 1
tion with application of ocwabain, lVean of the differences betwsen
membere of the 7 pairs showed mo statistieal {4 gg) differsnce from

o~

govre, Cimilarly, analysis of verilance of Pdaﬂ ehtained at 7 pH
levels at single eortical purfaces, 4 cais, showad no pignifisant
differences (F ggde
To test oumbain jg vitro 7 pH graded saline buffers containing
0001 M, ousbain were spplied to 6 fresh surfaces of sulfated poly-
galactose gel and Iy values eompared with comirois, As wiih the
ousbain studiss in vlvg, ro differences were found.

hi,

The gel preparaiion contained approximately 1% sulfated poly-

<

galactose., It had been eguilibreted with 095 N, KC1, 055 N, NaCl
as deseribed above., Table 9 shows the means of
sach of the 7 pH levels. The K+ sentaining pel surfaces were each
expoged to ,15 N, NaCl for exactly § minutes before beginning elec-
trometric study, Uone of the differences beltween members of pairs

is elgnificant (4 g5).



i,

TABIE 8. By VALDYD USTHC OUABAIE OF X+ OFL JN YITRG
" oomtrol (M=6)  ovabain (N=f)

pE 22 =52 wGok

pH 2.9 7 7.8

Pl 3,7 wTab w78

oM deb =7k wTold

pil 6,0 T ody «7,0

o e w2 70

pit 8,7 wTob «Tods
Apentiatin Brooniigs

Insemush ar avesthetic sagents by definition alfeat the nervous
system, it wes of irterest i compars the two ancsthetic procedurss
weed in this study., Details of (i,) pentcberbitul Ma amd (1%.) te-
tracsive HCl~ gallemine tristhiodide procedures ere given in the
“Mothods" section sbovs. Helative results with the twe procedures
wors evaluated by means of amslysee <f varisnce.

Iakla Al sbows control ga*n obtudined during the course of study
of effeate of divalent wotal chieoridesr st the recording surface. In
Yoth the cortex and cord dats grand weans of Ed are peerer serc when
pentobarbital Ma is the apesthetie., Ipbig 10 swweerisea the vesults
as negative charge denwities., In both tlseuas the pentobarbital
apeethetie procedure is asrociated with s high value,

TABLE 10. GOMPARISCN OF RESULTS PROM TUQ CNS TISSUERS WITH TWO
AVEETEFTTC PROCEDIMES, x ir equiv./kg.

gallaning= pentobarbital difference
tetracaine

cerebiral 42 , b8 4o D06
corten

spinel cord 084 059 +,005
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TABLD 13-
Amalyeis of Varianee of carebral certex Ty's: emssthetis wethods/tire
Bearee fym of fguares ar Voan Tguare F ratio

betwesn Ty: | 20,58 5 408 1.63

botuwesn anes.t 16,68 1 16,68 6. 640

| interaction: (T x anes,)s 2,35 8 4eRT 1.%
overall betwean: 88,41 n 5.7 2.12%

betusen cats: 32,43 4 403 1.4

withing T2.7% 29 2.5
total: 163,57 47

Avalysis of Verienve of dersal funiculus T,'s: anesthetie mothods/time

Souree Bun of Youares af vagm SouRre ¥ retio
between Te: 22,82 5 &, 56 Lo Agss
betusen anes. s V3 3 17 15,88
irtoraction: (T x aves.)e " 3,88 | 0., ™ 023
— oversll betveens 41444 1 3,77 4,018
betweon cote: . A an 7 884 90 L
total: 109,58 &7

® gignilicant, ?&5
% signilicant, r'm

Tharefors gonelude that the data phow:

1, differorces betwesn By's ctteived with the tve snestietie metheds,
Coours with both oortex and curd,

- | dif'fersnecss Dotveen Fa'e obtaired frox 4ifferent sale., Cecurs with
eord but not with t dotn, '

3. differesces between Fa'e obtained at differest approximste time irw
tervals after anssthetic induetion. OUseure with cord (T = 10=20 min,)
byt not with cortex dads, :

és 7o zoesthetie or tixe effecte that are mot additive.



Anplyeis of wvariance (Qghle 12) indicates thet differsnces
betwaen ?“d?!:z cbtained with the two anesthetic procedures iz sig-
ifioant (¥ ge)s Vach of the four cats in the two aresthetic
groups contributed single cbaervetions of ﬁﬁ st & distinet tissue
piles on cersbrsl cortsx and spinel cord., Thug there are four
major grours of date {2 tirsues x 2 anssthet esch containing

24, chegervatione, Titatisticel procedwre iz mwmerized in Tgble 1D.

Tifects of pentobarbital Sa on slectropetric determinetions

L)
vere alze ewnluvated by obtainieg drug-control ¥, pairs fror cere-
Tk
- "y 3 et AR e ™ A4 A o b
bral cortex. Hesmults (Igble 13} support the findings notad above

e - 0

(lable 10) that the presenee of pentobarbitel is acseciated with

»b

greater celoulated z. Six corticel sitss were obtalned in 2 cate

s

prepared with tetracﬁne-gma.im. it each sits a comtrol Fg was
oy
. 23 g - . E B e s " [

establisked st pH 7,4, The E& produced at the tissue purface with

0,0005 ¥, pentobarbital ¥a in salire, pH 7.4, was then obtained to

complete the pair, The six paire are shown ir Iable 13.

ZABLE 13, Ty VALURE WITH PINTOBARBIVAL Na APPLE 7O CENFBRAL CORTEX
contral pertobarhital Fe | difference
“’1?39:3 f:\,‘f“ 3’.2

"‘"30? “j&.g 0.6
'*‘a: ,3:‘? . ‘”Egg 1@&

"‘:40 3 ""ﬁ‘e é"‘ PI'O‘B
‘_"‘é&r'? -~ rﬁﬂ c?e’?
1
wSetd o 19 Ded
I T A SO NN M DT

mean By (w¥) «3.7 “2e3 1ok

z ogulv, kg, 042 « 48 +. 008

The mean difference, 1.4 aV, differs significartly from sere
&
{ d@@%?t

Faired data from € cortical surfaces, 4 eats, vas used to con-

pars ¥g before and after gallepine triethicdide injestion. The



G,

drug wae glven ivtravenously in st least the averape dese (1 we./kg.)
at times when the cat's movemenis indicated that tie effeclts of the
previcus dose vers wanlog. Reapulte detected nc changes, The mean
differense bDetusen the members of the bafore-snd-nfter injection
palrs wee leer thon 0.1 wV, The differunces wers not significant

by sither ¢ og or the eign test (P o),

Neurophysiologle studies indicate thet the antiepilsptic drug,
diphenylhydsntolin Y, "stabllises" the axow warbrane by rendering
the axcplesm coppuretively defisient In ¥+ { 109 }. Tffestive
treatrant with dlpheryilydertoln ¥a proveris corvulsions. However,
it sy wot siﬁ:xz.ifiaéﬁtly alter the abuermal cortical foone which
praducﬁsltbs characterictic elsctreencephalogrsphic paitern, There-
fore, diptenylhydanteir is prseumsd o exert ita‘atakiiiaing effect
sainly on cznﬁﬁoﬁiﬂm pathvaye leading from the hyperaxsitable focus.
Ie this way s genevsliised seigure iz said 4o be proverted. GCor-
gsnuertly attenticon has been diverted to vhite ratter as & locus of
ection of dipheryliydantelr Fa, These corelderstions regarding the
rsohaniow of soticn formed the rellonels for the teisl of d4iphenyl-
hydartein ¥a in the present study.

Diphenylhydantoin Ye ver applisd tc tireus surfaces of sere-
bral while watler, sersbral cortex, and ppissl cord. The most de-
tailed sludy pertsfns to csrebral white wmetter,

In Jghla 1L braine of twe littwrmé%e kittene of the sams sox
are studied concurrently under iderticel conditions. Fach was given
perioherbitel Ya, Tach hsd fowr cylindriesl ressrvoirs implanted

is gomparable white malter surfaces. Fesulis show chenges in Ty
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Values of ﬁﬂ cbtained from eat mmatim. Two 10 veek old femals
siblinge vere uped, A saturatsd {less tham 0001 K,) sclution of diphenyle
kydantoin godium ir ,150 ¥, Hall was applied to the cersbrel white matter surface
%o obtain the oxperimental results. The {igures represest negative millivelts.

(A} ocontrol resdinge from cat A

(8') diphenylhydantoln sodium resdings from cat B
(A') diphepylhydantein sodium readings from cat 4

dbs frondal ke cocio. . Oront. ie coqin. EeER

(a) Jk bod 5.1 3.6 4ol

Leod P Bud, heb 4B

5,7 5e2 5e3 5.0 543

547 48 449 bods 49

[ ) U'l}ﬂ hel heT el b LeB
T

{B*) he3 4e5 5.8 €od 53

50‘? - 6’7 6(2 7:3 ﬁ@ﬁ

6,7 62 6.5 G 6.6

5,6 5,7 Suds Fol 6.0

Bean (B‘}X 5:;6 5;3 FHAG F.0 6&;1
, s

{av) &40 540 5.9 6.2 5.9

5,8 Ge3 5.9 546 5.6

mean (,3;8)3 59 5% 9 5.9 5.8

A, el 4

Collodidel shorge demsities {en./ke. )t 036 030 o032
Standsrd devintione {mV): + 70 586 27
legrecs of frecdom: 23 30 i |
®» 3 5:2&5"” MBG“ 1;27

*  pignificant, % 05
*%  pignificant, ¢ 01



63,

oppositae to theee of pentobarbitel, Dipherylbydantoln vag ssso-
glated with a decresse in caleulated net negetive aharge.

The dats show slgmificant (& o) differsrces betwveen Fy values
froe the contrel kitten {A) and corrosponding valuwe from the kitten
(8'} with drug epplied to tho white matter swfece. Vhen the di~
Fhenylibydantoin Na solwtion vae applled to the tissve surface of
the coutrol snimel (A'), ‘;é valuse became more nepstive, differing
eignificantly (% gy} from control waluss (A), Caleulatione of
eolloddal anionie density with the basic vorking equation suggest
that o decrsase of sbout ,00% equiv,/kg. assooiated with the up;.:i:b-
aation of diphenyllydantoein Ye.

kn idantical change in td soowrred in assoelstion with diphenyle
hrdantoln in & series of experinments similar 4o the omn deseribed
in Table 1i. Using the brass reservoir junotions, € to 10 pairs of
garebral vhite mattor determinations of ".;é wero car-isd out on sach
of & pentobarbitalised eat proparstions, Agein feur tissue witea
ware exnosed in ssch cat, A satwrated solution (ca, 00008 M,) of
dipherylhydantoln in saline was scompared with a saline control at
pff 7.4, Tesults {tabuleted in appendix la} were pniﬁd by tiseuwe
site {ooaipitsl or fromtal) and by time intervel since surface e
posure, The latlsr fastore have beor discuwseed.

Porty-alght maires of data from the & cat preparations wers
arranged Tor analysis of warlanca (ap erdix 1b). The means of di-

phenylhydantein and sontrol valuee are piven in Tabls 1§.
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E 1§, DIPEPVILHYOMNTOIN ¥a V8, CONTROL,
CFRESAAL WRITE MATTER, RPSFRVOIP JUMNCTIONS

control divherylhydantoin & difference
?d (!ﬁ?] =, od 8,3 (.9
= (Mtﬂﬁo} 038 <034 | “Om

Tre differerce is eignificart (F o)

Three of thece & cat proceduree incorporated messures to ex-
olude experirental “ias. lobels of drug ard eontrol pcluticng were
ocded beforebard by a persor othker than the experimenter., At no
time during the determirations or csloulsticns were the gpeciflle
contents of the tuc eclutions krown to the experiwenter. The
"plinding® wespure 444 ret materislly sffect the reesults. Caleoulated
g from comtrol ©;'s still oxceeded § in presence of diphenylhydartoin,
In 20 of the 28 *nlind® pair determimatiore, the dipherylhydentoin
Yo f& wae negotive to the comtrol Ed' This relotiorehip e eigni-
ficant (P’m) according te the sipn test.

Corroborative reeulte chtalned with diphenylhydartoin Fa end
eotton pallet junctiors ueed on cersbrsl white matter suwrfaces
sprear in Digurg 7. The ocurvee compare negative sherge densities
determired in the abgerce ard ir the presonce of saturated diphen-
yihydantein Ye in %Q rescrdirg solutiore. A consistert differeves
betuesn the means of the drug apd eortrel grovgs ie gseen throvph
the range, pll 2,2 te pH 8,7, in the 3 cate. Ancethetic method wes
totraceine-pallanire,
£ecaine and dichenylivdantoin

The looal ancethetic and central stimulart, cocalre, fo pur-

ported tc conpeto reversibly with Mas at the rerve csll merbrave
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{15, 84 ). In sentredistinmction to diphenylhydenteir, which ie en
eniop, coceine iz eationic. In the mepmer of the laet-mentionred
diphenylhydartoin ptudy 0001 ¥, cocaime WC1 eolutione in pil groded
galine bullfere wers appiied to cerebrsl white meitter for electire-
metric svaluation of sffescts,

Coceire resulies bear e morked resemblance to those of diphen~
yihydantoin. Caloulated veluee of g wers lower in the presence of
geeaine (Takle 17). Mearns of e:‘se!):'eshz*;ﬁzl white watter resulte from
three cat prepsraticme ave corparad in Tahle 16, Anesthetic wrethed
wag tetraceive-geliamine,

k36, COCAINE WCY ¥&, COVIROL,
CERFBRAL WHITE MATTES, GOTTON JURCTIONS, Eg's in nV.

sovdrel eooaine

pH 2,2 wdyo 3 =k o8
pi 2.9 w2e8 w8eT
pH 3.7 i 3.8
pH 4.6 40,2 «1,&
pi €,0 +0,9 0.0
ol Ted, =7 o
~ PH 8,7 0.4, wide D

Anslvele of verisrce (apperdix 4b) showe thaot the cocaine group
differs eignificantly (F %3 from the eontrel group, Igble 17

ehowe ealoulated valves of nogative charge denpity at pH 7.4.

F

TABLY 17. COCAINE HCL V€. CONTROLs
CHARCT DEWEITIFE 1P CERTBRAL VHITP MATTER AT pH 7.4

@ontrel cosaine dilfererce
Ey (mV) 07 . =1.9 =1.2
z (o0./kg.) L0386 051 205
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£imilar prosedures wers undertaken on cersbral cortex with di-
phenylhvdantoin ¥a and cceaine, M1, but irn thic inetarce resulte
were much lase clear,

iz with coenine on cerebral white matter the samples, again,
were small, Date covers the sawe pH range, There were 21 paivs
of observations, ? cate with cccaine HC1l; 42 paire of observaticns,
5 cate with diphenylhydantein ¥a, In contrast to the clesr differ-
evees in Py with white matter, neither group showed eignificant
{32%3 diffarence betueen drug and control cbeervalione of cortex
when evaluated by analyais of veariance., ftatletienl precedure was

dentical %o that used in analyeile of cocaine - cersbral white
mattor data.

The eign test, however, showed 2 eignificant U’.ﬂﬁ) difference
between membere of the 42 diphenylhydantein Na - contrel palrs.
This difference corresponds tc e lower anionie charge density in
the presence of diphemyllhydantoin, such as wes f'ound with cerebral
white matter, Vean valuse of ¥y from the diphemylhydantoin - cere-
bral cortex date eprear in Tgble 18.

TABLE 18. DIPHENYLRYDANTOIN Na VS, CONIROL,
CERVBRAL GORTFX, COTTON JURCTIOFE, By's in mv.

sontrol dipherylhydantoin Fa

pH 2,2 =3:6 o3
pH 2.9 wdioT =50
pH 3.7 wdo3 wd, o8
4.0 wdeT «3e2
pH 6.0 wbol =368
o Vel “3od =35

E’Iﬂ 6t7 "202 “3@2
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The contrel 54 at pHl 7.4 correspends te a celoulated negatlive
gharge density of 044 eq./kg.

The sems drug eclutions (€ 0001 ¥, dipkenylbydantoin Fa o
L0001 ¥, sooaine I01) were then tested in witrs with sulfated poly-
galectose gels, Resulte coipeided reedily with those obitalined
with serebral white matisr 4ip wyive. Applications of the two drugs
vere sgscciated with changes indleating lovered 3. Dipbenylhydantoin
¥a and coonine M1 could med be dlstinguished quentitatively from
one another in this respect.

The drugs vers applied in pH graded selime buffers to gel pre-
parations of three kimds: (1.) 1.5% agar, 0,67 cerragsenin im ,100
¥, XC1, ,050 ¥, ¥a01, (41.) 1,57 agar, 0.68 carrapeenin in ,150 %,
HeCl, and (141.)} 1.0% ager, 107 geletin in 150 ¥, NaCl, Pixed
ienic chargee in preparations (4.) and {14,) should bs attributable
alxost entirely ﬁo the sulfurie acid ester groupe of carrageenin,
Gelatin in preparation (iii.) was expected to corbine te some ex-
tent with the sulfurie acid ester groupe of agar, end alec to add
fixed chsrpes of proteir nide chains and termimsla. Resvlits indi.
este that replacement of carragesnin with protein in the gel com~
positior caused po change in the K& aitaratioﬂ with druge,

Sontrol determinations of ¥y vere mede concurrently on ider-
tical gel surfaces. There vers 12 gel surfaces used for the &
cbeervations represented. Table 12 sumrarizes the verious drug

va, control comnarisong.
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TABLE 19. DIFHRNYLHTDANTOIM Ke A'D CCCAINE ¥0L VS, CONTRCL,
GEL SURFACTS IN YITRO.

gel xxoveration  sabion

ager-carrageenin K4, Mo+ control ~ diphenylhydantein Na

pgar-carvageenin Mg+ gontrol > aocaire HC1
agar-galatin Vg4 sortrol >~ diphenyllydantein ¥a
agar-gelutip Kot eortrel 7 cocaine MO

©AL1 four drug ve. comtrol differsnces are significent (F gy).
Fach differsnce eorresponds to & lowsr caleovlated net pegative
solleidal charge in the presence of drug.
Table 20. shows means of & cbservations of By obtained from

the agar-gelatin gel preparation. It demonstrates drug effect
through a considerable pH range i viire.

TABLF 20. DIPKENYLHYDANTOIN Na AMD GCCATNE HO1 VE, COMROL IN YITEG.

; Figuree are mean Ej's in mV,

control diphernylhydantcin We cocaine W1

pil 2,2 “5e2 ~£,7 6,7
o 2.9 ~7e3 ~8.3 -2,7

¥ 3.7 =Telds -8,2 wfly7
oM 4,6 «b,9 o3 = Te?
pHl 6,0 wle? «Tody “Fol
ol 7.4 wbio? -1 6.5
pH 8,7 wbob =e3 A e

Analyeis of variance of the congtitusut data from the gel
preparetiong appears in appordix 4a, It showe sipnificant (FOQSE
differences amony the three grouce, ard among the 7 pH levele, It

shove no statistical evidemce (¥ ..) of imtersction between pH and

oW
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drug facters, %1.8., nc effects that are not explicable by simple
eddition of pH apd drug effeets. Duncan amslysie (21) showe sig-
rificant (R‘ﬂﬁﬁ differences hetween esch of the twe groupe of drug
Ej's and the control group, However, ne sigpificant (H‘@ﬁ}vdiffarm
ence batween the diphergllydantoin Na and cceaine HO1 Jdata wae fourd.
The npeurctoxieity of a mmber of heavy metels is well known,
ftudiee Eﬁérﬁ?tiﬁg the importance of the alkall sarth metal
iong in peuronal function was presended in tﬁﬁ introduetion of this
repert. Catioms of beth the toxic and the physiologle metels have
been thought te have thae ability to forr complexes with organic
sellold, These ﬁzmaider&timng‘@rsmpted the teeting of a series of
6 divalent metal chloerides or while matter and sortex of cat cere-
brum, Complex-formetion was expected to lower snionic density and
cause a negatlve shift in W,
folutions used eonteined ,02 ¥, metal i2mm iIn 13 N, Nall,
The metal lome were Ca++, Batd, Mpii, Cusd, Hgit, and Pbid, ag the
ehlorides. & contrsl selution of n¥ 7.4 saline buffer amd a sclution
of TDTA2 ¥a 02 ¥, in pH 4.6 paline buffer wers added later to bring
the series 4o 28 in mmber, TFach war given a ¢ode label eo that the
experimenter wes "blinded" to the specifie eontent of saeh solution.
Rosults as ¥g's have been used in caleulations of chanpes in
tigene megative charge demsities (g). The caleulstions indicate
that z is lovered in the presence of Pbé+, ¥e+t, and Cuts and
perhape aleo with Catt, and Ba+t, but not with Hgt+, The dates also
euggest that FUTA heg the opposite effect by inoressing g. T¢ has

boen poseible %o arrernge resulte in & geries of inereselng displsce-



T,

ment of Fg amd to shov which aspecte of the series are statlistieslly
significant {Tghle 22).

Pxperiments with divalent metal ione wers performed In fwe cone
secutive groups of four ests each, In the first group tetracalne-
gellamine wme the snecthetle procedurs. Pentobarbital Fa wes used
in the sscond group of four, Tach of the £ cate wes represenied
equally with carebral cortex and spimal cord data, Data is tabu-
lated and subjected to smalyges of wariance in apperdix 5, The
prime object of this series was to test for a difference between
Fa‘s detsrnined in the pressnce of metsl fon. ss compared with a
contrel solution., Tor simplicity this difference will bs dencted
AT,

Thua, thers were four groups of A%, resulte (2 tissues x
2 anqetﬁetiaa} to be subjected %o anslyses of worience. The ini-
tial aralyels {appendix Sa) showed that there wers significant
(?°913 differences botween cate and batween AVg's cbtained with
the various metal lon solutions. A%g's from cortex and cerd were
not aignifiesntly {F.Q§§ different. |

i resrrengement of data {appendix 5b) facilitated a seccnd
ennlyeis of variance {appendix Se) %o allow compsrison of the twe
snssthetic methode regarding 4 By, This second analysie showed sige
nifieant (7 o) differences betueen ARBy's obtsuined vith pentobarbi-
tal as compared with tetraceime-flawedil. Tgble 21 ewwarizes / By'e
obtained with the two aregthetic metheds, Il ghowe the grestor
vegativity of most of the pentcberbital greuwp AT;'s, including the
sontrel A¥3. As noted sbove, the culeulsted negative charge densities

found with the pertoberbitelized cate had been higher than those of
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the tetrecaine-gsiiamine group.

The means of A¥;'e frem # tissus surfsces from cach of 4 cate,
appear in Tghle 2l. Thews are Bhe corbired resulte of AFg deter-
minaticns on both cerebral cortax apd cn the derpal funleulus of spi-
nal sord, '?hi& pocling of results wor csongidered justifiable as &
tentative sﬁp because A Fi's froe the twe tisenes had not been
found %o be significantly (¥ g} different. In addition thers hed
been no statiedically demonstreble {rtersction betusen any metal
ion or additive ard elther tissue,

TABLE 21, COMPARISONE OF AS,'s ORTAINFD VITH AVWESTHIIIC PROGEDURES:
| TTTRACA INR~GALIAMINE VE, PERTORAPEITAL Ma,

tetracaine~-gallenine pertobarbital Ya

contrel 0.0 wide?
Cast wloid 3.6
Pas+ wled 2ol
Mg+ w2 b : “2e3
Do o L w2,
Hg++ Ge =240
Poss @@ ok ool
DA a3 =08

The ABg'e from the two anssthetio groupe shown fr Igble gl differ
plgnificantly (F'm) from ore ancther,

Apaiysis of varisnce of the corstituert data of Tabls &1 raveals
po eignificart (¥ o) differevces ameng membere of the pontcbarbitel
Ye group. On the other hend a similer exslysis ef ARg's of the
tetracaine~gallarire proup revesls signiflcant ® m) 8iffererces,

fbe orly omitive vesulls, then, sere fror *he 4 este prepared



with tetraceise-gnllamine,

7:3 ®

By weing this dete only, the variows

potel ion resulte eould be arrvanped inte & series eccording to wep-

ritudes ef changs im potential {A¥g). Duncan anslyeie was used to

deslgnate the pignificant (R g¢) differsnces awong 8 meane in the

series shows in JIgble 22.

TARLE 22.
Regulte fror 4 cele prepered with tetraceive-gulliarvine.

EDTA
‘control
}?g«@ i
Cadd
Baas
ot
Mg+

Cut+

Whon the cowhined A

AP{i {n¥)

263
0.0
0.0

1.2

=il

odod
wBebs

"”3‘?

ARNANCEVENT OF A%.'s INTC A STHIFS,

rank {certox serise) rark {ecord series)

"

4]

1 1
2 3
3 2
b 4
4 5
& &
7 &
@ 7

results from cortex and cord are subjected

to Duneen mnslysie, the following obeervaticre are statistically sig-

pificand (ﬁ‘gﬁ):

(1,} Cutd differe fro= all othare,

{11.) contrel, Hg+t, Datt, Dats differ frem Phes, Vgii, Cuds

(144.) "DTA differs from Cats, Bate, Phit, Vgis, Outs

Tghla 23 showe an expended gerieg of wetal lom effects or

ealeulated values of g and Fy. Caloulatiors are bused on wean

sontrel Ty values cbtaired from 28 cbheervations on each of the fue

tlgeves, The a-ptrol means sre =3,6 oV (cerebrsl eoritox) and =1.0

{dorsel funiculue).

E4'e in the precence of the various netal ione

ware cslculsted by adiing A%3 %o the control mean for the particular

tiesus.
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L opE T TR ;n 4y b8 ) ey ol 1 e s b AT S35 fasmen Ty preses ey gl
g VALUEE AMD CORARPSPONMDING WEOATIVE CHARGE DEEDITIN

IN TRE PRESTHCE OF DIVALENT MPETAL I0HE,

cortex ¥y ocortex g oord Tg veord g

FDTA wlked 084 +1.3 066
gontrol 3.6 042 =1,0 055
Higes w36 042 =10 055
Catd ol +036 ol 049
Bet+t of o8 036 =Bl o042
Port4 wfy0 »031 wded 043
¥t ofied 030 =36 342
Cuts «Te3 o+ 024, wiioT? 037

Table 23 shows a series of wetel lon additives Ln eseerding
order of their abilities to decresse nepative charge deneily in
nevvous tissue, The geries appliss to cerebral cortsx snd teo
dorsal funiculus., It is besed on sxperimental dete and Joseph's
baple worklng scwelion, It shows entstendingly lew calculated anionic

densities in the presence of Cutt,
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The uee of filter paper concentraticn aslls as & testing
progedure gave rmult# which pertain t¢ several sspects of this
digeuspior, The enly druy soluticn testad, dipterglbydartolr Na,
bohaved ag expocted. It did mot eppesr to modify the licwid
lurotion potential.

In gpeveral irstances, bowever, the filter paper concentra-
tion cells gave resuite (Toble 2) which would not be predicted
from the electrochemical principles ciled in the *Methode”

peotion, The TMF of the contrel ecell,
(%, 10.} slestrode; 0,015 W, Wall; 0,15 ¥, ¥all; electrode,

was only =%,% a¥, This 18 Yo be compered with the 12,3 uV,
caleulated by Jeseph ot al. (S1) froe standerd conmiuctance data.
The added preserve of divalent metal fome (.02 M.} 4n .13 ¥, NeCl
in the right kalf cell gave ENFg of about 11 #V. in geveral io-
stances, vhile FOTA geve only «3.4 oV, This is to be ccmparsd
with the =2,5 oV, corirel and the «12.3 =V, "ideal.” When 0,13
E. MaCl ie weed in the right=hand kalf cell of Fg. 10, the FWF
iz -8.2 wV.

Jomeph reports in o perecnal comsunication {53) thet disere-
paraise of tiie ragnitude have pot cccwrred in tests he hes made,
Those teste were conducted with concentration celle of somewhat
differert desigr. Joseph's tecting design gives an IMF of 11 mV,
for the eell of ¥g, 10 in the gystem uged in the present study se

well ae in Joseph's,
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The mest obvicus differsnce betveen the t@ concentration eell
depigne le the presemoe of ¢ paper matriz {on microscope elides) in
both helf eelle in ithe present etudy, The more "1ldenl” ¥i¥e came
from the desiyn recomwonded bty Joseph in which two beakere of free
salt solr;sum form the balf colis, A KU1 - apar tipped electrode
are contacte esch salt solution. The lianid junetior is formed
at one end of & Tiiter paper which dipe inte both helf cells and
forre a bridge between them (53),

& full explomstion of this diserepancy betwsen the tuc deslgne
iz not available at presert. Awong the factors which ray be cone
siderad are those relating te (1.} formation of the liguid jumetion
and to {11,) properties of the aniuﬁimm.

Tn reforarce te (f.) junotion potantiale sre roted for unpre-
dictable charges of up te 2 = 3 mV, occurring when the moethed of
formation of the licuid junction ie altered {64). Feotors such es
a fixzed ionic charpe dereity of ihe filter paper, or impurities ir
the filter pepor would net bte axcluded,

in reference te {14.) the presavce of .02 M. metal lon at the
liguid juretion pay be woet important. A “guszping efTect® (46)
or junction potentinle is sald %o cccur when gufficlent soncentre-
 tions of 8 second a?.eefrolm are prosent.

The ef'lect of "DT& on Junction potentials with filter paper
half eells ie most promcunced (Igble 2). The relationskip of this,
and of the divalent metsl lon findinge, te [¥;'s of tissue surfaces
are of great interest in the finsl interpretatior of the results
of the tissue » metal fon eerles (Jable 23). The complexitios of

footors (1.) and {ii.) ebeve proelvds such en irteriretaticr in
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this repert,
JEy'a of the divalant petal love

It ARg's obtained at CHS tiseus surfocee are attributed to
%igene changes, &S@ perise of tiseus charpge demsities {Iable 23)
may be uped to make other infersmees. OAn inferential process wvae
developed by Joseph, Fngel, at al, {13, 2€) whieh comgidored an
squilibrium resetion between tissus charges and divalent metal

ione. The reaction may be writien
Vei4 + XT = Maed (51)

where Yees 18 the divalent metal lon, X 4 the icnissble tissue
solloid, and MageX ip the oclloid-metal complex. The eoncentration
of Ve++ ig predetermived by the exverimenter, .02 ¥, metal ohloe~
rides were used in the pressnt study. X™ is the colloidal chargs
denpity determined from ihe control ¥a waluss neing the basic
vorking equation for z (Fg., 9). Ye°X is determined experimentally
as )%¥G. Enowledge of these values ellove saloulstioms of the equl-
1iorivm constard of the resetion (X equilibrimm), and of free
enargies of formation { ) 7°) of lonmcolloid somplexes. The latier
is « measure of hinding cspscity of discoclated colloid anion for
specific cation, It doee pot take into account exchange remetions

such aw
Motd + gk = MeeX + 2K or  Mews + Mgl = MeeX 1 Mgis

viere ¥+ and Mg+t are indipenoue cetions.

The free erergies of foryation of eativn - CNF eclloid come
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plexes were palowlated from data of the present etuly (Iahls 23)

by the velatiomsblp FO® = «RT In Bgougliteiue (53, 67} The
symbols bave the same weanings as (ubw-. The caloulated values
ware ~-2500 salories in cersbral sertex and -2200 salories in dorssl
fupioulus of the sord. The corresponding Tigurer for the Hgtd -
golliold complexes wers sero caloriss for beth tiseues.

Cupric ion excesded sil othere meagured in ite calculated
ability to ferm complexes with CN° tigeue colloid, This 18 in
keoping wit: the fipndinge clted in the intreduction im which Cuse
gave the mest prooounced deoresses in pH when added to ssuecus
prapavations of eerebral 1ipid, Cartilege slso demonstirated a
strong effinlty for Cu+tt in ¢ number of different studles. Ussing’s
repert le interssting to note, in commection with the electrometrie
findings with Cu++ in nervous tisesves, He Cinds that only 000001
¥, Cuts will rarkedly inhikit "sodiue pump® setion of lsolsted frog
skin (103),

The sonnective tissue studles of Joseph and Pogel (13, 51)
have pot included Cuti, The studles are relevant, however. They
provide comvarieone of tissue affinities for the few lone which have
been svalumied slectrometrically with both nervous and connsotive
tissuep, Comparison of elevtrovetrie resulie fMron the iwe tissues
indicates that Koo .1yjneim ¥alues are of the save order of magni-
tude in both. Conpectlve tlssuesr, hovever, may resct with Cetd,
Mgiey, and P+t 4o a govewhat greater extent ther de pervous tissues.
Catehpole, Jopaph, and ¥Fngel fomd 72 values of -2,300, ~2700 anpd
«3500 reepectively for remction of these three lozs with connective

tiseuns {13)»
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Eeuilibration of 4 = aontalping surfeges
Isble J showe that the pruessnce of £+ in sulfated polypalac-
tose gel Is eaposiated with ¥a's nearsr serc. Zlmums 4 shove
yprogressive deoresses in celoulated x after sxposures of ¥4 - gore
taining gel to .15 K, NaCl for 5 mirutes, 90 misutes, and "lofinity."
Twe pospible explanations for the more negative Fy's of the
0,15 ¥, Wall « sortalning {nec %3) gel will be oited here, (1.}
The firet is the reeidval ¥+ remains in the surfece of the T+ «
contedning gel ever after 30 mirutes ‘Olptllﬂ@t te .19 ¥, Nall,
(41.) The second is that prosedurss for preparation of the ¥+ «
esontaining gel and the 1% ¥, NaCl gel ware not comparable, 1.9.,
vhat physioal and chemical differences between the pele fostered
a2 greoatar loss of polvanion frow the Na+ gel into the owerlying
equilibration pelt solution,
The ¥+ = centaining gel produced ¥4's which wers poeitive te
By's of the .15 ¥, Yall ~ conteining gel even after 90 mirutes
equilibration withk .15 ¥, ¥aCl, The disparity vas even greater
after only 5 minutes equilibration, Two poseidls explanstiors may
be eited here ae well, (1.) Vg may be expeated to depend in part on
the presorse of ¥+ ip the gel surfaces becsuse of the relatlicn of
By %o fon mebilities ("gs. & and 7). A progressive negative ahift
in By with lsngthensd exposure %6 a low ¥ gelution i ooneiletent
with & progrecsive loer of ¥+ frox the ccllieidal surface.
{£4.) Op the other hand the besis working equation (¥y, 9)
demongtretes the relationship of ""’-‘d te eolleidal charge denalty,
In wisv of this a nepative shilt in Vg duwrling equilibration of the

K+ = gortalining gel with 15 ¥, HaCl 1 alse ¢-neistert with lose
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of Cixed fonle greoups,

The less of eclleoidel anion from ¥4 « containing sulfeted poly-
galnotoss ratrix into the saline wenld pont probably be sgocrpanisd
by & logs of K+,

In any event the relatiorshipe of Fg's obteined frem the thras
pedifications of sulfated polyraiactose pel may ba seen ir [lguye 4
o ba very comsistent throurkout the pH range of the etudies,

fﬁl&ai&al portions of CFE tissue roy or may not bebave with ¥+ in
the wapner of these goluble pela, I they do, this f‘iﬁmnﬁ gugrests
that calenlations of clarge density from K& in ¥+ « rich CW0 tissues
are prebeably sorewbat lieited in eseurecy. The preserce of 4iffue
pible ¥+ in sppreciable smounte way be expeeted to plve spuriovely
high valves of tispue charpe density besanse of the relatively
pigh mobllity (42) of £ mercss the vecording liguid jumetion.

However, the results cbtained §n yitpo alec show that ¥ d"
sbtatned from bigh ¥+ eclloida) sgurfaces can correlste well with
valueg found 12 the sbgarce of diffusible ¥+, Tn sddition the pos-
aible elevation in saleuniatad g dus o the presonce of diffusible
¥+ mppeare to be amall {Figure 4).

in important Taculty of the sleotrowetric method ig the ability
Lo recerd ehanges in gz dus to smell eoncentratiome of druzs. Very
pogaitly, ebanges in g due to druge may be expected to be more
senurata than determisstion of ¢ipsue cherge density por gg. Oome
parigon of drug-inflnenced fg'e with sentrel Bq's weuld tend %o
gancel by subtrsetion such ervors as heve just been speeunlatively
attributed 4o high ¥+ condustares,

“averal eother ecspecte of the present gtudy weuld Indleate that
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chpurvations of By differenses in the presence ef deugs is ore of %he
stronpeet sspectz of the elentrometrie wethod., In s given instance

¥ 4 sigbt Le gumpected of beiny wisleadingly low or high because of
tissue T+ or gapricicusness of Jumetion potsntlaie, Vevertheless,

a minute ameuynt of drug might produce o shange iv the tissus whieh
could be detormived vith rsletive accursey becauss of the subirset-
ing=out mropeEs,

4 staterert of sceurasy could be defended only by firet proving
1sck of {4,) dnfluence on jureticr potentials, med (1.} interference
by mobility of tissue ¥4, The evidence mspiuﬁated bolow indi-
cetes that these poteptislly dierwptine factors rey not be cperstive
in the diphenyltydartoin studies at loust.

{8.) Diphenyliydantoin Ha wae not fourd o alter the lunetion
potential ir x filter paper sonceriraticn cell (Iahle ). As a
sonseguerte, deviations frew an "idesl® eontrol Fy due to paeuligrie
$ies 4n formation of the liquid jumetien could be supected to alter
drug Ty dna 15ke manner,

{11,) Uffects of dipherylhtydantein on Pg'e of gel surfaces are
mensureble 45 vitro in the sbgbrce of metaboliow and in the relstive
abeonce of T+ (Isble 20). Thess findinge, (1.} and (iL.}, show thet
the raspective interfecing Tactors ¢an be exeluded iv specifio in-
starges .

Lowsr values of g were found with the use of mmnair’ Sunetions
as sompared with cotton pellet junoticns st the cerabral white matter
gurfses, The differerce evokes gonsideration ef geveral possible

mechanisme, Some, or all of thepe wechanlsms, ray help explain the
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differercs.

Firet, the use of brass as reperveir material mey have influenced
Tg'e by introdusing MPe from axtravecus elactroghenionl processes.
However, & Tou experiments using polyethylems eylimdrisal reservoirs
gave sintlarly low values of g. This auggests tha alternative that
& nonptysislogical explavation may be sought in the sanner of formine
the liguid junetion, As noted adove, mwodes of farmation of liguid
junetiore are krown $o alter Junction potentialas.

’Fmemw, the state of the tizsuver wust be uﬁmi&rﬁi, The
process of implamting the sharpe-edged oylindrical ressrvelr lsolates
the tissus anatorisally frem all aspests but its base, ¥lood flow
and, irdesd, viability under these eireurstances may be oompromised,
This may b sepsaially troe aftoer the blood lose of surgical ex-
posurs syl up to 10 hours experimestation. Histopathelogical ehanges
and sleciromstric differances betweern reservuir and pellet jwctions
may be effecta of the same osuse, i.e,., pathological chauges in the
tisaue,

A third esplanation relates closely to the second. The groater
duration and trauna of reserveir junstion experiments mey fsoilitste
st swtrastion of polylonie aompounds from the tissgua, The differencee
ohgervad ars osonsistent with the regults of such a process.

Yourthly, a sisilar "veshing out® prosess, possihly ecoupled
with altsrotions in tizene metabelise; way have served %o deplete
tissue ¥+ within the eylindrical reservoir. Depletion of tissue ¥
wonld eonour with the greader plysiclopic esmpromise expected in the
tigeus of the reservelr jumation. This is to be compared with the une

broken plane of expesed white matter which forwe the cottoen junetior.
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“imiiar hypothesse may help interpret the chenges in Ty cbserved
when sa® preparstions vers axsangnimeted. The affleat of exmanguins-
tion or g of cerehral white natter wes studied with reserveir jumo-
tione onirv. As a reeult the pathnlogicel, physiolesical amd biow
aherieal erarses gugrostad sbove muet have bencwe evan mora marked
with apmenguination to senount for the furdher drop in ealeuletsed 3.

The findings of ebarges in Fg with time durine the sourse of sn
exparinent sye not randily exslatined. ¥e eonsistert patiern could be
detestad, This irdisstes that whatever chanpes did soewr, the net
af'fect on elestrovetris resulis war no' the axpected progressive one,
Eeference values: saponriscns ol nervons tissige

The mest resdily aveilsble setimstes of flixed anionic charge
deneitier irn nervews tispues sre hased upon ealeulstionms ~f “anlen
daPiais” (‘Tawé 1)e MeTlwair'e (71} fieuvre is {010 equiv.fie.
tisaue uater when it is resploulsted in these unite). Ye estimates
timt half of the “Jdeficit” iz sttributable ts protein and haelf to
1iptd anionle groupe. An interpretetion by the present avther of
analytioal date from rmmmalisn nervoun tiseues glves valuee of 0,16
enulv, fkye Va0 for whole svinel eond, 0,00 squiv./Rp. Va0 for cere-
hral sortex, and 0.14 oquiv./ke. for cersirsl white matter. Thesre
ocalevlated valuse were hased upon data eoliected fron the 1iterature
by Teeelter (77}, Tre datas given here ave midrange values derived
from & mmber of spesiss by wayy different ilnvestigators. Az a
gseneeguence, the differeonses between tissuee, though sugrestive, are
probably uirelliablse.

*intor definlt? sstiswites of pegniive charge dersity ehould be

sxpscted to exceed electrometric vesults. This fe because eations
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sequentersd within tiesues ar wmdlssoclated organcretallic seeplexes
would tend to mapnify the *"deffeit.® This situation ray resenble
vhat Pumstone (22) termed "irrevarsible binding” in esriilage.

Chenioal extraciion procedurss have repeatsdly obtaired catione
14ptd eowplexas from CNY tissues. PFolek (32, 71} reports that 1lipid
extreots alone gan sccount for 30T 4o 507 of the "defieit.” e
soeounts fer 0,069 eguiv, ef catien ver ky. tissus water (ubole brain)
in thres 1ipid groups., They ars sulfuric mecid sster (127 of X),
Phosphatidyl serire {147 of ¥ and 207 of ¥e), and diphosphoinositide
(508 of Cass and ¥gis),

The higher "anion defielt” walnes caloulated from Roseiter may
he eompared with the lower axperinertally-detsrmived tigsue anionie
deralities »= 0,060 squiv, g, .0 in white matter and 0,045 equiv./ke.
R0 in gray metter. This somparison suggesta thet aboul one-half of
net fixed tissue anlonic charge is not detected elsetroghemicelly
at the recording llguid Supotion at pil 7.4. Thus 1% appears that
ahout ensebalf of the norvous tigene content of ihe plysiclogie melals
iz not lonised &n dilute aqueons scliution. “hie supports Felch's
aontantion that the Brein containg an abundance af 1ipid « eation
comploxer. It leaves, howaver, 1ittle matal ®left over®” %o be as-
erived te metalloprotelivs.,

The data eollected by Fosplter indicste that Ca+s and Mp+d com
nlexes aonld accommt for wuch of the apparently undissocisted fraction
o sation, but probably net all. Tg values obtained in the present
study with the chelating arent, oA (Teilae 23}, are consistent with
the hypothesis thet Cats and Mgt make up an irportant part of the

difference between "anlon deficit™ and tissue anionic deneity, x.
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Picurs &.

Photographs of CIS tiseuer from experimental eats, Formalin-
fixed tissuee vere prepared by frosen section, They vere stained
vith toluidine blue 0.05% at pH 2, Metachromstic aresp are black
in the photographe, The transparensies in the manila envelope
below show the ssme specimens in color. Helding thess reproduce
tions up to the light showe the red-purple staining from contact
of the blue dye with myelinated tissue,

8¢ lumbar cord with dorsal fumioulue at the top,

be Cerebrunm,
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The sugpestion of an increase in negative charge density of the tissue
with EDTA 1¢ computible with & loess of Mgi+ and Ca++ from enionie
bindivg sites.

In the presept study viite matter had e grester megative cherge
denpity ¢han did cerebral cortex. This weas expected on the basis of
the relative rsactions of the twe tieasuves to toluldire bluve. Figyrs 2
ghovs 0.0%0 toluidine blue gtaine of histelogic sectiors of cerebrrue
and gacral cord, There ip werked contrast at pH 2 betwoan the dorse
- staining of myelinated areas and the falnterwsteining gray ratier.
The red wetachkrovatic renction of white mattsr upor contact with the
blue dye irdiomtes a high fired anicnic density {3, 5} The contract
batwesn the tue UNE tissuss in the eloctroretric determirations io
not ag pronemmeed (Figure ). Porbeps this is o menifestation of
grester specificity on the pert of toluldine blue in the detection
of certelr kinle of {rmobile anionic groupe. The dye may produce
metachrorazis primerily by rescting with certeir chemieal grovpe
peculisr te myelin, Un the cther hard eloctrometric resuite vay
refiect fized enionic groups less digerimisently, and corseguently
give less covtrast,

Suais iy

thubain had ro weseured effert on slectrometric resulte in thie
study, The effect of ousbair on cerebral cortex (110}, then, is
quantitatively end/or gualitatively differert from eitter diphenyi-
bydantele or pertebarbital, T8 i perbape relavart that cuebain io
& nonpeler molsoule., In this respect 1% lo unlike other chemiond
sdditives ewployed at tiseme surfeces ir this etudy,

Gortex was chepen ag the sile Tor spplicstion of the drug be=-
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cavee of its prester Oy - gluccse consunption (96) end preswmably
groater ¥+ turngver., One poeeible effect of ovebmin might be e
regative shift le Ty due o F4 offlux frow the tiseuwe surfece, Thic
oould coeur orly 4f A1fMusible ¥+ resaived in the tiscue swrface
afor "equilibretion,® Chould the axpectod iroreess in pegatdvity
of T3 have oocurred, it vould slpc have been intarpratable ss @
lowsring in fixed charge doﬁeity {¥ge 9} A third interpretatics
would ercempass the first two, sayirg thet both deserice the same
rrovess it exeitahle tissuse {100).

The fatiure tc obeerve any sigrificent chenpe in ¥, wpen aprlie
eution of curbeir sugrevtes that perbaps no ¥+ offlux eecurred, This
leak of chenge helpe 1ittle ir decidiny whether or not the tissue
surface oan be satisfactorily equilibeated witk respect te 0,198
"W, Nsll under the experimental corditiovs,

Paits B

An elevaticr of ecaloniated megstive chargs dergity cceurred
in apsocistlion with the jentoborbital enesthetic procedurs (Ighle 193.
Tris finding arpesrs to be contradicted by a teriative report of
ngar ot al., (102}, These invectignterg found that eloctrienl sti-
sujatior increazsd sulfhydryl lonimation in brain owirsete. A¢ an
incidental procedure they eompared the levels of lonised slfhedrvis
in tvo grouse of rate treatad with d'fYerert aresthotic methode, (ve
grevp of rats recsived p.rmmbirbitﬁl pricr to exposure anl elscotric
etimulotion of the brein, The pecord proun recolved the frespe-
groptiepia of topies] ethy! chioride., The partobarbital group
appeared to have & lower ratioc of gulfhydryl lonisetior tﬁ&a dfd

the topical athyl chiceride grong.
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The mpriicetion of ¥pi+ o mervons tiseve ir the present study
gave »o evidence of effect on Tiwed cherge {Iabls 23). This wee
unexpected beceouse Vgt ie c;uid te te ssvenislly attreotled by il
hydryl grovps, and les been expacted to "bind® within the proteln
lemellse of myelin shesths and other protein-rich avess {(29).

A gpimple explametion may revorcile the findirge of Unpar et al.
with those of the prasent study, Perhape two different entities
have beern measgured., The elsotrometric pethod ray not Yeourt” gulfe
hydryl groupe of the kind Ungar st al, have reported. te o resunlt,
addition resctions with Hg+d may not have bearn detected either.

Applicstion of pericbarbital Pa to cersbral cortex vee asso-
cisted with a mear ineresze in esleulsted g (Isble 13), This sterds
in cortrast with the decresses observed in nervous tlssner with co-
vaire and dipherylhydentein, The results with pertoberbital are
not gtrictly compsrable with thoze obtuined with the latier twe
druge, because in gersrel different mervoug tissues were eptudied,

For discuseion purposes, however, resuite in Igbls 17 may he corpared
with those in Jpitle 13- These two tables show cortical Tg's to be
gererally wore pegutive than controle with diphenylhydantolr and less
negative with pentobarbital. ‘Anesthetio precedure in both irstances
wagr telrsoaine«gallswine.,

Certain pharmacologisal differernces betueer diphenylbydantoin
and pertobarbital should bs noted ir wview of thepe contrapting trends
iv Inflvence or ¥, It may be relevant that pentoberbital is a povere
ful hypretic with a characteristic effeot on the electroencephslogram.
3y eontrast nelther dipherylhydartelr nor eccaire have this proeperty

{97},
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The chomical structures of pentebartital and diprenylhpdantelr
right alse be considersd, A resenblance 1s noted by eonwidering
that pentobarbital, the hyprotie, ie & mslonylures, while diphoryle
hydantoin, the anticorvulgant, is & glyoclylurea {Apperdix &),
Anotier oompound, Seethyle$ (1, 3-dimethylbutyl)barbitoric seld,
whieh la slossly ralated te pontolarbital, regulerly produces sefe
suron (96}, Thesve phencmena poirt asonin o the irportance of gore
sidarirg epatisl and elestrogtatic charscteristics of noleculss in
the stwdy ol nervous tigsuss.

Righenvibvdantoin Ve end cocalne JC1

floth diphenylhydantolin Ya and cocaire HC) were found in this
etudy to ocauge decresses in calouleted negative charpe deneity Io
cersbral white matter (Taklag 15 and }6). The cortex dsta is lesp
extensive, ard po eorparisen of the relalive effecte on the two tissuce
ean be made,

The cerstrsl white mstter findinge in the dipbsrylibyiantoin ex-
perizents comouwr with the studies irdicnting thet the drup sacte upon
sxorgl condvotior pathusys to revent selisure sproad,

Wcéntiw shifte in Vg aseoointsd with the ap;lication of eceaire
to cerobral vhite matier surfacee were not dictinguishebls from thoge
t:zi‘ dipherylhydastein, A parallsliern between thege twe druyge ie
aleo nutable pharmecologically. ifoth are agerts which Blook nerve
sonduntion {99},

The gimilarity of electrometric results cssurred with the twe

drugs despite the apparert chemical diseimilarities (Jigyre 9).

Luantit@tive relationehipe on & rolar basie hove nct heer determined,

They would daperd upen (1,) determination of minimelly effective
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consentrations of drus, end (11,) statistical tests of elestrosetric
rasulte.

The finding that both cceaine and dipherglipdantein are sono-
eluted with a loversd caloulanted z in sulfated polvgalactcse gels
indicates that the messured ghange 18 not & melabolle epe, though
peurcretabolic effects huve been reperted with hoth drugs (97},

& mumber of resctionsg between organic lone and tisevep .or tlssue
congtituents have teer reported, fome of these will be eited here %o
suppord ﬂw hypotlesis that gueh resctions cceur betueen braln and
eneaine, dipheryliydantoin, and probably cther moleewlos e well,

Intaracticns of bloleogie amines with brain and anlopie brair
fraotions have beern dergunetraied by several diffarent technigues
{3, 32). The lipid-solvert solubilities of serctonin, histapire,
seetyleholine, noreplnepbrine, and etryehnine have boen shown o be
substantlally irereazed by sulfatides and/or eertain phosphalipids {(38).

Incubation of brain slioces with protanine is assosiated with a
loss in exoitability. Fxoitadility is restored by eddition of gar-
glioplde, an anionic ephingelipid, emd by suramir, ap anicpie td-
eulfopated pclyeyalie drug (93}, Auptin {(3) reportsd that e enall
conoartration of protamire blocks and reverses the metachromasia of
s sulfatide spot on £ilter paper.

Jesoph, Tagel, ot al. (51} ncted similar phencwens with organie
gations in conssctive tissuse. They cbserved reduction lu g upen the
application of emall eoncentrations of procsine, protanire, histamire,
and otber awines to tissue suwrfaces.

Thesa Tindings 2ll epdorse the gorcept of the formation of a
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palt-like lirkare which upiter the cetlonic amive greup of the bislogie
smine to snionie gites of nervone tissuee and thelr extracts,

A salt-linkage complex csw readily sccourt Dor the apparect
roaction of cocalse witk the anicnic groupe of white ratiter erd pule-
fetod poelypalactose gel obwarved electrometrically. The eationie
swino of cosaine U1 wonld unite with fiwed anloms of the gels, fooh
reasctions weuld qualitatively explair the emperirmental findirg of a
loversd fixed anicnic cherge reported in this peper. »

An explanation of this type will met sulflce for di;c&cynylbyw—-
dantoln, whioh is {tself anlomic. & phyelssl interection betuean
brain tissue and dipherylhvdartois bas recently besn reported, hovever,
Tt i ocited here bacause 1% may be & manifestetion of the sams pho-
newenon abserved sleatroretrisally with diphanylbydantioirn,

Dipherylhydantoir was ehoun by radic-aseay to concentrate in
est brair to en urusual extent (30, 78), ﬁrs.irk levels of the drug
vere stated 4o be 10 tires the soncentration of A1irfueibls drug in
plasra. "Fomewhet grester® sorcsntrations of drug were said to have
oveaurred ir white »stter tham in gray matter, Wirafiltrates of Twsir
and ;:lnm;\ had sopeertrstions squal to that in cerebrospinel fluid,
lelative levels of drug ir plesms sollide and brain solids were not
degaribed.

Josaph, Tngel, et al. (2%, %4} have found a mumber of apicnic
arometic sompounds which produce & paradexieal leowsring of ealenlasted
negniive oharge in a manner raserbling dipherylihydantoin. The report
ttat the anion, penicbarbital, say lower the lonimatior ratic of
sulfhydryle in brain way elec be an exarpla of this spparent paradox.

Piorate (Appendix &) ie reportad to be ore of the mcat eflective
arions in the paradoxical lovering of z. The explanstion offered hy

Fagel, Catehpole and Joseph (25} for thie actlon of plerate and other
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‘apicns oen de pumrarized in twe stepe. lat [ represert s polvicale
aolleld with positive as well ap regative greups. let ) represert
the anionio additive, &.p., plorate,

{1,) & galt lizkacs le Tormed betwesn the anionle {phemclie’

groun of ths sdditive {plorste) srd s Timed poritive amino,

A
)

s A= o= oap~ (25

{1i.) Uvdropen bonds are formad. In thie procsse electro-
rogutive side groups of the sdditive {nitre groupe of plerate) arve
reguired, These proure are saié %o coordirate through bydrogen bords
with arienie side sroups of the oolleid, This ocordinstion would
*Pix® hydrogens Detween the side groupe of the edditive and the side
groupe of the solleid, The result is conjectured to be a pet deoraass

in dissoniable anlonie groupe.
AP== &+ 2 Wi = AFSy (25}

Viphenylhvdantoln pogsosses a single keto side group which might
gerve ap an slectroragative ccordinetar in bydroger bending {53)
(Apperdixz 6), However, the presence of only one m&rdinatim: group
gheuld 14mit this mcticn to the formaticn of a simgle hydrogen bond
par molecule of drug. This would imt. readily account for a net de=
oreage in negaiive charge dersity, Ulphemylhydantein wae seen o mroduce
thie effest fr an inanimate gel comtalning ve known smine groupe with
which te form salt iinkages. £ poseible sowrece ef fixed cetliem is @
double selt lirkape between carvageevir or ager and diphenylhydaptoin.

It would rely upon netive (104) Ca++ and Mgis of the essveods %o

serve az ile newxun.



{ polvgalactege
{ polygalactose . {@iphoryl- E pulfate )
sulfateleas + hydantein)* = Ca
{d4phenyl~
hydantoln)

Interarting relationsbipe have beesn found betwesn sertain
aeticps and the two drupe eovsire and dipherylhydentein., The few
rolationshipe with Cei+ presonted below ors nonspecific and diverce.
They ere set meart to sompare the tve druse direaetly. Thay are pre-
sovted to show druy - tisswe - fon interactiong on thrue levels of
investization = (1.} plyelclogiscal, {11} electrophysiclogicanl, ard
{414.) physicochemiosl.

{1.) Ca++ deplotion ir peripheral nerve produces hyperexcita-
bility. Thie way be roversed with diphenyibydentein (70},

{11.) Ca++ deplotion csusep & marked increase in electrionl re-
sistarce through the myelin shesth (92), Cooaire ir relatively high
goncentrations giver similar ochangos.

{434.) Cocains substartially incresses the purface pressure of
8 monclayer of lipeidal nerve extreete. Addition of Cn+¢ reverses
this effect {(87).

Those and other examples tell 11:tle atout the relative specifio
modes of soticne of the twe drugs. They mmy sugrest cbm»on naural
rechanisme are influerced on e physicocherical level. The present
slostrometric study olfers eviderce pupporting the exlstence of eush
a weotenism ip yive. The svidence preserted im this thesle indiecotes
that whetever 18 the rature ﬂf this reochaniem, 1% iz indigencus to
the tissue etruoture. :

Por directnese and for sinplieity the results in the prosent

study have been interpreted tentatively ir terms of eclloidal charce
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doneitise, Amorg the sther fectors which have boorn oppsidersd in the
interpretation of Tg and of the changes in Fg ars:
(4s) the mobilities of the promivent fore in the oolloldsl
surfaco,
{41.) the sstivities of prominent lons ir the colloidal surfuce.
This would incluwle:

2. the possible influerves on activity coefficiente
of wmechanlsre other than chengss in eharge dersity,
fuch meshanieme might include steric, sleotrostatie,
and hydrational factors which conld a’'"esol the
eclloldal metrixz, the solvert stmoaphera, and the
co=iong of o fixed-cherpe syster.

b. the poseible influences on oation corcentraticrs in
the colloidal surface. Such mechanisms say inclwie
dipsoelation constarte of caticneecllold corplenes.

{111,) the direct or indirsct effects related Yo the heterew
goreocus bBiclogical eurface viieh partioipates ir the fore
mation of the recording licuid jumction; ecther ldguid
- Sunction effects.

{1v,) sechanisme which may inclwdis all four of the atove and
perhape other, more fundamentel, concepts which are unknown

or are beyord the secpe of this paper,
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1. Celloidal charpe dersities of living rervous tissues have besn
determined by an elestrometris method, The limitetions and inter~
grotatiors of the methed and of the resulte have boen dipousesd,

i, & mﬁ&tin charge dengity in syslinated tissues uas found to

be .06 eguiv./ky. tissue veter., This figure ves obtained frow both

cersbral white natter and dersal funionlve of the splual cord of the
oat,

| A nepative chorge dersity in cercbral cortex was ra'.n;sd to be

<45 eguiv./g. tissue water.

II¥, Certaln procedures and certaln druge smd other additives are
found to alter the electrometric rosulte. Une of the most uselul
features of tho elsctromeiric sethod appears to be ite sbillty te
detset changes affocted by minute concentraticnsg of drup.

{1,} Both ,0001 ¥, cocaine FC1 and < ,0001 ¥, (ssturated) diphenyl-
kydantoin Ns lower the caloulated regstive charge derpity of cerebral
white notter iz gige end of sulfated polygslsctose gol in widrg.
Diptonylhpdantein mey slse lower the negative charge dereity of
cerstral cortex 1y viug.

{11.) Uesth due to swsanguination lovers the calonlated value of
mgat-ﬁe charge dersity in cerebral white matter, prebably within 3C
minuiag,

{13%.} Pentcbarbitel ¥a appesre to elovats caloulated negative
charge dereitios of rervous tlssuwes. Thie drur wae evaluated Leth
topically and parenterally.

(1v,} Vo effeot was detecled elsetremetrically at the cerebyal
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serbor with
(a.) epplicntion of 0001 ¥, cuabain, or
{b.} intravencus deses of gallsmine triethicdide, 1
vg. k. 8oL,
{v.) Cortair metal lone sueh as Ou'é, ¥pid, and Fhés appeared
to lower the caloulated regative charpe dergities of mervous tiseues.
Those offecte need further study in relatiorehip to ths alsetro-

setrie mothad.

IV, A paremeter of tissue ultrastructure has been studied. The
rogults with this revly-adopted method may be varicusly irterpreted.
The resulte suggest that ¢ ig peraweter may bave a clege relaticn-
ahip to the fumetiopsl charsoteristice of the rervous system, The
concept of Tived charge denpity may be one slmplification of mors

ccplex p!smmm.



APPERDIX la.
By VALUTE FROM CER¥BRAL WEITE MATTER OF THE CAT, IF -V,
PAIKED DATA: DIPRFNYLHYOAWYOIX Ne ve, CONTROL

Fepervoir methed of application of sclutions,
Pentobarbitel Ya anesthesle, Dagte greuped ao-
gording to (4.) time (T = 60 min,) interval
einee initial pentobarbitel injeotioms {ii,)}
anatomic location of reserveir in white matier
gurfece (frontal vé. coelpitall,

CONTROL DIPHENYLEYDANTQIN Ka
surfece ¢, 1, g4 T T, 1, T, 1
eat losation * ° 7 4 geass peae - 2 ¢ 4
I front. 3d bk 5.7 5.7 4e8 f-‘-& Le3 57 &7 5»6
« weiﬁc bed iyaﬁ‘ §.2 .{.t 8 4/07 £.8 F 60? ’?3‘2 5.7
- front, Sel  SBed Bel 49 fed 640 S8 642 6.5 5.4
. w@i}‘u 3 é f;pﬁ 5,0 bod, hed 70 ‘h.ﬂ 733 ﬁa? Toid
¢ front, bei 3:5 2&‘![:- 3@5 3@5 &o& 5-4 309 L7 3&5
’ Nni]h hel 4e% 341 3.1 3.7 Se8 {;0@ %ed  Gek Sod
- frombe 2ef 53 4ol 467 dol 4ol  1e3 Aol 5ol 545
oceip. Ssd 5.9 449 5.0 Bed del! 306 Gu€ Lk Sed
8 front, he3 ‘?03 7.7 f‘bu‘ 6‘3& ﬁgg fin{? T @,E ?0("
' oscip. &GO 5,0 3,9 5.0 445 b ol Bed 4.0 8eR
7 front. EbB 2o & Bwﬁ“ 306 2.7 ﬁb«i 4‘9 :‘?vl k&g 505
oseip. JeB 3ed 3.8 ded 39 Bell 30d B2 5.5 5.7
mREne 39 4eT 4o% 406 ___ﬁll‘ 503 &7 507 f’uﬁ 506
mean, frontal: 4.4 mean, frontals 5.3

mear, ooeipitel: 4.4 monn, oscipitals 5.3
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AREEIDIX k. |
insdxais of Yaxiapes of cersbrel vhite matter T4's: dipheuylbydantisin vs. eontrol/time

Conrae fum of Sgquares ar Vaun founere ¥ ratio
batvess dreg end contrels 219, 1 2494 30,04+
betusan Te: 12&& 3 Aol 3‘?6"
intoractions (drug x T)s 0.65 3 0,22 030
overall betwsens 35.23 7 5.03 6,895
batuosn drup-contrel pairst 86,23 1n Se11 T.00%%
withing 56,27 Vil TaT2
t@m‘ u‘?.” a4

* elgnificart, ¥ o
. " 'mrﬂwm. ”m

- Therefore ocnelude thet the deta shew:
1, F4's obtaired_with diphenylhpdantoisn at the reeordiny purfase differ
fron eontrel ¥y's.

2, differences betusen Ty's obteined st the different aproximete tire
intervels (T = &0 min.) after oterting experiment.

3: wo drug or time offects that are not sdiitive,

4o Gifferevess botvesn drug-sontrol peire net attyibwteble to anatomie
location of recordisg jumetion (frontal we. ocecipital),



APPENDIX 2. "
Values of ‘1"‘:& chiaioed fres oat preparation, Fespirstion cessed et 1750
boure after the ocomon carotid arteries were severed., Heenits are expressed
as negative millivelte, |

A lronial ISemeols. i front. 2fesosis. moone

LIS = § 4t 600 45 5,0 5,1
- & - 1% 5.8 59 Aol Sed
- 3 ‘ua 5.6 5&‘ &il ‘Da
- 2 5&5 505 5'9 ‘ng 5.4
-1 ha'P ‘ 5.3 5.8 . 5«-& Sed
f  eeretide evt, respirstion ceased |
DRAD: + 1 2.6 5.8 L é€,0 €0
+ 2 Ted Vod Ted b7 Tul
* j &ﬁ"‘ ﬁ.? 'Fl-ei' ﬁ*.& t?g_'s
+15 3.4 5«0 de Bed 4e?
+16 “é’“ ) - 516 5.3 Bod
17 __éad 6 68 6e7 6.5
Faanes

LIVING /ORADS $.0/5,6 5,676, 5.5/642 he8/6,2  5,2/6,0 {aV)

eolloldal oharge dersities: «095/.051 {eq./kg.)
Standayd deviationss LIVIIC/URAD = ,56/,92 (x¥)
Caprace of freedem: 41 t = JdL*
#2 slgrificomt, ¢ o
AR 2.
Tahle fer preparstions of 1 liter of paline buffers, Selutes sppraxisats
0015 ¥, Mal'l at 7 different p¥ levels.

TnHaPOL

o Hall L] Hie  Yale .1 Ng0 MepliPg e NagliGs
goln, 3,00 W, 0,031 M, faelal 0.5 ﬂhﬁ“ﬁ 5? Ve eiVy 15289 v
2.9 49,50 2.0

Be7 4934 0.86 3.6

P 45,00 Q.86 3.0

£o0 45,00 14,80 €,080

Tod, 45,00 1.68 19,38 v

R.7 45,00 22,67 g,00



AEEERDRL 4. | 9%

Amalyeis of Verlange of spar-geletin pel Elal! {cconine ve. diphenyl rboln Ta
ve. eentrel)/oll,

fowree fum of Fouareg ar Mean Jovare ¥ vatio
botvean 3 deur groune: 15,51 2 T 76 L A
botween pF irtervale: §7. 38 é 9o 36 LR R
intaraction {drug x p¥): i1.10 12 0,93 Qul4se
everall botueer: 43,99 20 4020 3,780
withing 116,96 105 i1
totals 200,95 126

Thoreforo conolnde that the duta show:
i E“n obtained vith ere or both ‘-&rwb ditfor frem control ?l's. |
2, differences emong iy'e st the variows pil levels.
3. ne drug or pH offecte that are not additive.

. l»ll'ﬂiﬂﬂam, ?.o’
*8 gigniliownt, ¥ m

AREITDIL &b
Analyeis of Variarge of eersbrsl ubite matter Mt {soenine ve. control}/ph,

Yource | Fum of Squares da¢ Yaan Tovare F mtim

betuger drug and eontyels 26,72 1 aé.72 TR
botveen p! istervals: 135,14 ) 22,52 L9 FAL

interaction (dryy x pR)s Q.06 & 1.5 0ud1
botuwaor cats: 24T 2 lio” 30”
withing 96441 26 31“
total: m»n ‘1

Therefere connlnde that the dats phows

1o Tg's cbteined with cceatre * 01 et the recerding surface differ fror
eontrol Fy'e.

2. differences awong Bg's at the varicus p¥l levels.

3s differsrees sssvolsted vith the cat preparation or the tiseve ewrfoce
ampleyed.,

4e mno drug or p! ofeets that are wet additive,

® sigrdticent, ¥ 08
a4 gignificant, F gy



100,

| ADYCERIY Sa.
AR 's free Gmhml cm«: apd Voreal hn:aulm

of_the Cat.
A! r?ﬂ?z' 10, “,, = Ty €!ﬂo++)«1% i«maﬂ

Apalysis of Variancs wAfd*a from & nimg esrfox vo, sord.
¥ ourme : fum of fuvares df  Mean Souure ¥ rutie

betuoer Moy 107,67 7 15,38 P

betwesn cortex and oord: 10,27 1 10,27 3.24

intereotion {Yo+: x tirsuva): if.18 7 230 73
everall between: 134,09 % ZoBare
botveun cabp: 107.53 5 21,51 Gy 780

withing 237.9% ™ ) 1%
totals 479,57 95

Trerefore comtluie that the data ehows

1. differescss emong AT,'s escosieted with Me:: appliestices.
2. ammm arong Aﬁd's frem the various est preparations,
3. mwo differsrae bstucer Ai':g'n osortex ve, oord,

* !i{nlflﬂlnﬁ, b ’05

o gpignificant, F

§ {Me+ rafers %0 & solutlicm of Batd, Bure, Mgie, Catd, ligid, Pore us O ¥,
shloride in 1) ¥, Rall., Alge ivcluded in this osmalysis are EDTA+2 fs, oo
4o€ ond 8 pif 7.4 ocontrol. (¥, 18 the displecsxent in ¥y uhen Mei: s
aprlied %o the tiseue purfacel. :
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ARFEIDIL Sm.

Amlcais of Usrisnge ~ A%;'s, e+t sdditives/snestietic procedure.

foupree fun of Squares
betwesn Matig .98
betwosn anes,: 17.97
intarsetion {¥e+t x avee,): 26,76
overall beotwenrn: 82,7
betuesr suwrlross: 102,02
withing 164,23
tobalis 350,96

Therefore conelude m;i the date ghow:

1.
2
ED

&e

ér

R e 4N

i1
15
é9

95

Mpan fquare

T
17.97
5435

752
£,
Zedl

differencels) smong the effeste of Vet applicntlions,

102,

¥ ratic

3.1¢é#
Todorn
a6

3.1nee
I Ll

differoroes between Axa‘l obteived with the two poestietie ,procodmin

differersss among ticsue surfaces net attributable %o ecord ve. eortex,

but partly to anesthetic efiect.

no ansathetle of Mo+t affects that are not additive.

* pignificart, F s
** significant, ¥ oy
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&
STRICTURAL FORMULAS OF PERTINEKT COMPOUNDE

o 0" He+

Sodium Plerata

Cellg N
e

W
G= ¥+

Dipherylhydantoin Sediumm

] ”‘""G
BH? -~  Hat
Ggﬁs

Fentobarbital Sodium
(4]
H
H,0 CH CH— 00 e GH3

CHq~NH+ CI™

H.C cH Gﬁzz/

Gocaine Hydreehloride » Morek Inmdex , 1960,
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