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SUMMARY '

. Dielectric constant measurements were made, in the
frequency range 100 kH3 to 1 MH3, on the compounds
glycine, diglycine, D~sorbitol, dextran (m.w:t. 15-20,070)
and Ficoll (m.w t. 400,000) in aqueous solutions of low
specific conductivity (<200 x 10~% ohm~1 m"l) normally
buffered to pH 7.45. The values obtained were used to
predict the dielectric constant of Hanks-199 tissue
culture medium, to which various concentrations of these
compounds had been added.

- Single-cell dispersions of two primary chick embryonic
tissues, 7-day neural retina and 5-day limb bud, were
prepared in tissue culture media of varying dielectric
constant and also in suitable controls. TIonic strength,
pH and osmolarity were kept équal in experimental and -
control media.

Selected cell dispersions were examined by means
of particle electrophoresis in order to determine their
electrokinetic potentials. It was found that 7«day neural
retina tissue had a mean value for the zeta potential
of -13.88 mV + 0,04 S.E. in unmodified medium, this value
falling slightly in the media of differing composition.
The 5-day limb bud tissue gave a value for the zeta potent:
of ~14.37 mV + 0.03 S.E. in normal medium, again showing
a slight falling off in the modified media. “The results

were interpreted as showing that no significant adsorption
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of added compounds was occurring onto the cell membranes,
thus changing their surface prOperties..

Cell suspensions in media of a range of dielectric
constant were subjected to a laminar flow shear gradient
in a Couette viscometer. The effect of this shear gradient
was to bring about collisions between the cells and
thus to effect aggregation of these suspensions. By
measuring the total number of particlés in the suspension
at timed intervals a parameter was calculated for each
aggregation, the collision efficiency. The collision
efficiency is a measure of the rate of aggregation and
also can be used to calculate the total energy of adhesive
interaction of the cells. The collision efficiency was
used to calculate this parameter from aggregation studies
in media of varying dielectric constant. It was shown
firstly that 5-day limb bud tissue gave much lower values
for this parametet (termed the force constant) than did
7-day neural retina. In the control media, the former
gave a value of 3.66 x 10720 3, and the latter 5.65 x 10~ 2
Secondly it was discovered that in both tissues there was
a steady increase in the adhesive interaction of the cells
(as measured by the force constant) with increasing
dielectric constant of the aggregation medium, the 5-day
limb bud being far more sensitive than 7-day neural retina

in this respect.



These observations were discussed in relation to
the lyophobic colloid stability theory of cell adhesion.
The results were found to be consistent with this theory
when account was taken of recent theoretical studies
into the effect of the dielectric properties of a medium
on the attractive energy of particles suspended in that

medium.
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Plelecizile a@iwmm: ‘m@;aém"' me:%m; .i«?cﬁma wade, in the
i :qum_m:y vange 100 Z’&‘Hg o i Mﬁiw s oun the compounds
| Eyﬁm@, rzi.fslyaim B«smhii.ol, f“%r:,f cam (M.t . 15~20,000)
and %si.mli (@mow- &Gi),mﬁ) in’ aqw@w solutions of low
| sp@cifi.e cmdumivmy (< 200 x 1ot s:tiam’”"— it} 1) nmmm:ﬂﬁ,:rf
huf'mmd m pH 7,43, 'Ehea values mbi;am@d were use ad o
predict the dielectwic constant of Hanks 199 tiseue
cul ture mmcmmg o which vam@m amme&mwtwﬁs of ghese
compounds haaa:‘i been aﬁejcﬁd. . ._ ’
giﬁgm««mim mi.ssgmmmm c::f m{; pE mm‘gr f;:h:x.vh ‘emby ﬁ:m3ez- .
i*mmem s, :’«ae:?&y neural veting. and S-day Lliub bud, WerE
m?@p&md in tis uc:a mmltum madia of var y:mg, diclectric
constani and sai so u @uimbla conty @.‘i.s;. Tonic, strengih,
pl amd osmolarity wave lmp%’:: aqual in @*{pcamm@m.m anel
: cnm; wol, m@dia. ‘
\ 1 jalectad eall dmp@wimg were exanined by means
of pmmmlcsz el Mﬁ.mmmmam An order to detvevrmine ’iﬁh@:ﬁ.y’
\Ql@%mhma ‘e"'pm@mi a]a. it was found that 7~-day @aum’#
'mu.s.m ‘&:ﬁm&mw had a mman value: for the zeta potential
of -13.88 m*if - 0,04 §.H. in umms@ L Eded m@c‘i‘im%, this value
| £ &1111‘1@, slightiy in the media of difs ii‘m"%"ng mmmcsgitim
- | Thsa S-day 1im}3 bud tispue gave a value for the zeta pm;{mézml
‘;_05“ 14,57 mv i 0. m m;ﬁ.. 14 nomeal medium, agmm &hﬁwmg
'!ﬁ f.sli.r»hﬁ: .s.c;zi?i.li'zfrg E?.E.J!. :m ‘the modified media. The m&g!.sm
L Wf..m mmte:m:@md g:;-,a 2}_@3&1@5 that no signlflcant ea,dgﬂswgéﬁﬁ,@ni
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'Q@& @dﬂ@é cmmp@unﬂﬁfwa& ﬁﬁ&uﬁﬂiﬁ& mmﬂm ah@ ﬂﬁ31 membranes ,

thm @hma img th@ 3 &urxaaw pxmg&x?ﬂaa.

@all‘au&p&h&bmn iﬂ mﬁﬂl& oL Hamgg of di@l@cfxme

”?éw shear gradz@n&

mmnﬂﬂaﬂ@ WERE aubgmatad @tf% 1&m1na'

vimcam@uex'* The ¢ffect of this sheaw f&ﬂ&aa;g-

* f'wﬁé?ﬁQ4%E ﬁ; ﬁbmut @@111&1&&« %@tﬁ&an the aall& and

thuu tﬂ ”wf@a "a@?ﬁ@gaﬁlon nf ﬁh@ s6 ﬂﬂﬁpgnamans. ﬁy

.....

mﬂaﬁuzimg the tmt&ﬁ mumbur mi w &5vlwﬁ in &he suspamsgﬁﬂ :
&ﬁ timed iﬂta&vafﬁ“& pa?amﬂtar wmg aaiwula&&ﬁ Tor @@ﬁh_ ;

;5 aggrwy&&imﬂ, ﬁm@‘ 111$i@m mﬁ&l@ﬂfﬁ@yo “The c@ilxainm ;

f@xiai@n@y a” ;mﬁﬁ“ﬁﬁ& mi &h@ W%aﬂ of agwwagaai@m aﬁﬁ :

’*aiau ﬁdn~bwiu$@ﬁ 0. g@laul&bw ‘the %@ga?~@amr?y of ﬁﬁhﬁu &Q}gm_

j@iﬂteadczien @“7 hﬁ $31$. Tha Gﬁl%&ﬁiﬁﬂ ctficieﬁcy wds
\*uﬁad o aalculamg ‘this parampt@x Awmm awgy@gatlan studies
in med Lo af va?y&ﬁg émel@@ﬁxiu congtant., Xh was shown

;£§Mﬁtiy &hﬁ& Sedgy Limb bud tlssue gave mich lawa? values

'*i”rﬁr ‘this pﬁ?ammnwﬁ (amxm@d the %wwaa constant) than did

.f“ﬂdy m@uwmj xaumﬂa. In ﬁhe ‘control madia, th@ formas:

gave a valm@ @f 3.66 = 10“?6 Je and the 1atamrlb 653 x 107 =23 RE
@@ammdly i& was digcovered thaa in both tig auw& there ng
-&.&Laady inrm&aaw-%m the aﬂhw%&v& intevaction of the: @all&i,“}i
,(a& maasuxad hy the forca cmm &amﬁ} w&ah mnareaﬁin& ) _'
dxalaeﬁxlm aa&su&n& of the &ggwag&&imn m@dium, the bmday

’liMb bud' bﬁiﬂg Far more sanaitiwm chan 7“@@? moux&l peting
'“&n ¢his masp@&t. |



These @b servaiions weve discussed in relation to
the I.yophmb:?i.c colloid 'ast:ab:&-li.tzy theory of cell adhesion.
The w:osmlta*‘v:qm*ca found o be ﬂmﬁéﬁ,m tent with this theovy
when account wae: %‘d’.{ﬁ‘&ﬂ Of mumﬁ theoretlcal studies
into the effect of the dmwcm:*:e,c: w:mmvum of & medium
on the attractlve rmmrgy oL pam,ia"ﬂ 28 8Us p@m led in that
medium.
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Danielli and hiw g@mwﬁph@mwf

ﬁf‘yav@ma%ﬁh mm®QVL&u¢$ lﬁ'%é? $%Vﬁﬁhh&&bi@ﬁ

Q,QQﬂﬂﬂﬁﬂiﬂ& “interceliular Jﬁm&waa iﬁm& is, th? role ﬁ qy@a;z,%,ﬁ*

by the cwii aumLaﬁa mﬁmbxaw@ imﬁﬁhasm aet Lvigiwﬁﬁ CIn

’mﬂawm tasb& abﬁ@-&m‘undmxskaﬁﬂ;%aw,‘ummﬁm@n&aiﬁ of thege
pﬁmaasm&s e de &&x,t ﬁ@ﬁ&&%& y o wﬁmc§ﬁﬁﬂ& somet hiﬁ@»

amﬁ bmhavlmur m& this ﬁkmiaung mﬁmhrﬁn@.
ased up@m ?h& idens of %0&&9@]@%@ ﬁwmﬁdel (1925), . ' L
wava@m and ﬁ&ﬁ?ﬂy (Lﬂﬁﬁs kgﬁﬁ}f‘f

wugw mﬁiﬁg mﬁ?&x laves ﬁigahéﬁﬁa &m?m &h@ elect lLﬂﬁzg ‘

‘mﬂ&@ﬁ &ciai amd pwrmeabiii?v pﬁ@ﬁ@xh&&ﬁ of m&mbxaﬁama

to acrwmn& fﬁ” “ﬁ%“w raaulu% by the use. of" the fﬁlﬁﬁwim

’;AFtﬁ.JQEaharggﬁﬂ mgﬂm&, ”ha aﬁ¢uay px@pmée& hat &hm mewbrane

structure Q@ﬁﬁ&ﬁ&ﬁ of a shm@ 0f jLﬁﬁd majﬁcmiwaﬁ Lwo

molecules §m ?h&a&mw&a with the pwiaﬂ gwmuy& divected

outwards and the non-polap hyd&ma@&%mn ﬂhﬂlﬂ” Aowands &mé‘;‘
p@kp@nﬂluﬁi&” to the plane of. ah m@mbEQﬂ@,f The surfaces.
@iﬂ&im $0 @&Liwd ”hlmml@cmiaw, 4ptd leaflet” ave coated
by an a@aﬁwﬁ@ﬁ i&y&m of ﬁﬁﬂt@iﬂ. | |
' Di“ac& ahs@wvaainn of the eell membrane to tes ﬁﬁ%s
hmwvy @ﬁiy %aumm@ POY s%bi& wi&% che d@g@lﬂpment1Gf ﬁha

'ﬁlﬁﬁtfﬁﬁ m&mwm ICODE Seudies on ‘myelin, ghown to he

devivad from the eell surface of Sebwann cells (Geren -
1934,_Qﬂb$?md9ﬁ 1957) when @wmb&ﬂ@d with the vesults of 4
Reway ﬁiiﬁw@wammm investigations {f&mgﬁn 1953, Perna mﬁ@”w‘
erﬁﬁ‘ﬁﬂéAFmﬂaﬁm m@§7) tended to conflem the Danielll-

Davson hypmﬁh 18 mummléf dLﬁMﬂﬁuﬂﬁﬁ were also dis @@w@ﬁ@d

B8
4 oa v&riﬂay of o ibmeﬁilﬁla? cmmpaﬁ@ﬁ@& and the structure

elucidased for nyelin was ﬁ@&diiy extended to all othew
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m@mbr&n& Ptvuaxuﬁa& b; mﬁb@fLS@m {ﬁ@ 9 L967) who put
_F@rﬂward‘ the ' funii mwmhraua aﬁﬂ&&pa. This pos stulates

”?h@ m@mﬁﬁ&ﬁmﬂ o all, mmil possess the sam& basie
”*ﬁtrmctux@,'am @&amwa@ Lh&ﬁ mj ‘the ﬁamé&iiiwﬁav 3OHL mwﬁal,
a b%mmlaeula ~1@&&1@L cmmgau@ﬁ of yhmaphatipiﬂq, coated
with px@awia aw mma@pwaﬁeiﬂ dﬁﬁf@f muaﬁpﬁiy saccharide on
both §ﬂau.‘;Wh§$ model Hag &u@aasﬁ%ully 3ﬁtaﬂyxﬁtwd

the. pat?ﬁym ﬁ-yﬁ@#iﬂiﬂg ﬁhﬂ@ﬁv@d in ha oiweﬂ%@ﬂ mm&fﬁ @ﬁﬁﬁ,,
mhafa under wuaaab?@ ﬂﬁﬁditﬂﬁﬂ%, ﬁww dmnamiy ﬂﬁaiﬁiﬁg-
‘1‘1Ln@$ appuavkaa ﬁ&ui&ﬂﬂ@@ rﬁughly warwagpmmﬁknw to the
g .,;capazsmt fon of am %%y:‘irm@l‘xﬂm xﬁczawﬁ ,‘a’% e‘s& @0 *g;h%pimlé’pm

molecules ar?amgﬁd iﬂ.ﬁuch a btmw?@au?&r &&rucﬁmyp
M(Rmb@va@mm i@ﬁ%}. s , |

. nom@mtiy the uﬁia m&mbx&me ﬁmmaﬁ@& h&ﬁ ‘been

w&hj@m? o @kfﬁl&& ) hy ﬁﬁvaﬁdi wmxk&ra-{ﬁawm 1966,
Luey 3%6& Chdymmn wmd Wailauh i%@@) prumpaad by the

bmlaug tha& such a highly “pmciaﬂx sad COmMpOnent: aﬁ Nerves

a&.myalin way not have the @ypiﬁﬂﬁ-a&ﬁuetuﬂg o
ccmp@aiaiﬂm'mﬁ‘@vhé' cell mmmbr&maw. Variations in the
chemical compositionod mﬁmbzdﬂ@ hmv% been examined by
maﬁy'wmf&mﬁw?(dm Gler and van Deenen iﬁwig ronder 1949,
Maddy and Maleolm 1965, Neville 1960, ﬁﬁﬁﬁ&m and Wienkeke
1966) and Elbers (L964) has shown that the overall wideh
of the triple-layered plasm&l&mﬁﬁ‘&ﬁ ohserved in cleetron
microg ﬂ&phw oan vary. bﬁ&Wﬁ@ﬁ ﬁﬁﬁ and 1308 {5 to 13 um)
aiﬁhaugh met chods of pr@pﬂzatimm will influence ﬁh&ﬁ@
| ﬁﬁpﬁﬁﬁkimm QLW“anaeu.“ Wh$n ?h&a evidence 1@ taken with
Revay . ﬂ&if*@ﬂ&aﬁn results {&ugm&&% 1968, Tuzzati and
Huﬂsﬁn L?ﬁﬁ} wh@wimg ﬁablg aamg@guw&i Lons wﬂ phos phwnmp?ﬂq )




&

in water othew than the bimoleculax 1@&11@ {(a basis
for imaex@?ﬁaaﬂimmswf m?a’ﬂﬁzﬂph ) some wmgkﬁws'havé
 1ﬁa3£ that Lh@ uﬁﬁa membrana hypothesis wmay | be: misleading
%uﬁ@a%; (1@6&} has.mhmwn fwam‘ﬁmway diffraction

studies ﬁhaﬁ a variety of passihl& structures. exlst
for bulk phmsphalmpiﬁ& in vaﬁaw, dupﬁﬁﬁdﬂ? on. phy ieo-
‘chemical G@ﬂﬂi&iﬁmﬁ- Ha ha& 33 Best @d :hm& the conditions
present iu bh@ WiWXmg cell ar& Qﬁﬁuﬁ o those at wh&@h
@rﬁhﬁﬁQ Lﬂ&ﬂ itﬂmﬂ.may Gaﬂur f”@m a bimﬂj¢¢ular leafielk
¢o a state with héam&ama?ly pﬂ&kﬁd cyigmdu“aai micelles,
having the 36&1& gwmups dix&ma&ﬂ o a core of water. f
To substantiate the elaime: of dapzatl, a mumbww of workers
have been able to mbtaiﬂ miﬁwawaamﬂa which SQ@m to
indicate the pr&&gmcm mﬁ‘mia&ll&v structures in membranes
(8jostrand ?@ﬁﬁg iillsson 1963, Blasie and Worthington,
1968). Itauecy (l%@ﬁ} haa prmpmaaﬁ a detailed model of
a m@mhran@ a@uatmuvhad xgﬁm 1&@&@ micelles on thﬂ bmﬂzg

£ @bsarvﬂ&%mnr w 1&piﬁ Qﬂmpiax@ using a newatmvm
waain&n technigue (Luey_&ud Gﬂ%u@ﬁ& 1@%&) . The membrans
may be aﬁdemEde,M?am submumxtw in a h%ﬂﬂgﬂﬂal aar@y wihih
a iay@f off pfﬁt@lﬁ or 1yvmprat@1m o a%mh@x side of :
the micellaw GGM&@%@RL@;{ This m@qu allows for random
MOVEMenes of. the mlmalleb, with @mr@s appearing between
séme of the ubwumkﬁs and wiﬁh &ha pmaamhﬁlity of phase
ﬁxamsi&lamw oegourel ing to the bmmwl@muldx leaflet
mnmeguﬁaaiﬁn,‘, , | | | |

However at this &Lapu sufficient daca xmqulred Lo

eritically test any partimulax-mmd@i of the cell mombrane
is not yet available. It may prove to be that differences




: ;m‘m@mhxana pgagv“?éa? may rm$w3& T som thw pf@smnr@ mh‘
speclfic. g@@ﬁm@wﬁ ﬁ@@b@iﬂﬁ oL ly@m m&a@&aais L&Lhmw“
than any xmmdamanr&j &ﬁxuv&uﬂa? v&ﬁsaamwmﬁ of tha h%m»j
mwlaﬂmlﬁw 1&§f1w@§nmd@1¢- SRS R

) At ‘the 131?(?52&@?‘ momeni thes, a:“’iaﬁ:mal v 1ii zla,. s osl

‘anWﬁ of the sis uguuraﬁ-qwgamxsatamn of the a&?l mmmbvaa@ -h
”hﬂugh ﬁ@ﬁ@ﬂwgh‘iﬁ“*hfﬂ‘@iald 1o advanceing. Eimil&wﬁy '
anab&iwamgma“ into the way im.whﬁmh thege m@mhfanev

| ‘inmaxact hag pwwﬁma@d as yua @uly aﬂ@m& imf@gmatmﬂﬁ ﬂ.

hﬁ pf&aa&bﬁﬁ 3mﬁﬁ1ved. Th&ﬂ kX mh&aziy due to ﬁh@
ag&ﬂemaly ﬂi&%@cu@* @mhniadt problems assoclated with
investigacions ﬁ%&@ the bahavimur off mewbrane sLmuﬁ&uW@“

Eﬂﬁ@ﬂu%ﬁlﬁ (39ﬁ?) hﬂ$ -showm the impmMuaﬂm& of &Ht@ﬁ&@ﬁiﬂﬁw

af m&mbw&na@ w&mh one. %nmahar and Rubin (1@66} ‘has

d&ﬁeu““ aod the ﬂ@l&%&ﬁﬂghipw %Q&Wﬁﬁﬁ @@raimmgwn@ 15 and -

Vt@@“c@il surwface, ﬁﬁ& £&91& zm.whiah mambwam&.in&ﬁraaﬁ&ﬁnﬁ
Cave though to be "é:;,,‘ ;lmym'tzamem 18, that of cell wilws-ﬁ uz? o
which has been immﬁxnatmd in ph@m@m@na such ag. aati

A divi&&w& m@tﬁ&&g 33 mmd m@zphmwwuaaia (quLig 39@?}¢

Wh& @1daaa mf Lh& Lhﬁmriag ama@@vniug aalltiaw a@haaa@n-
s - the ammamu%mg theory, | im which ecalls ave Lhaugha to

jb a%aaah&d o each oﬁhar by a cementing ma&&xial p?ﬁﬁ@ﬂ&

i uh@ gap between ahm ﬁ@llme‘ An extension ﬁthhLm
3amry p?ﬂpm&&% e axia&amha of Sﬁ%@i@lﬂ &@mmmt wa gﬁﬂ&&blﬁaﬁn
fou the adhesion m% given cell Eypes. (&m&uwna 1961, 9%?)

vaidvﬂ@w eibed vm @z again & this h?paih@szs ig.

‘equiw&m&&, the &nmimn of. gﬁmmrdi enzynes such as tﬁyg Lmé“f

whﬁ@h iﬁ mach %w%ﬂ in diﬁpa&aiﬁ? Q@llﬂ iﬁ amld;? gug& st Jf




the presence of a comenting substance attachédtt@ cells
by covalent bonds, However, it L ﬁqually possible that
engyiile actlon méy cause changes in the 8ﬁﬁﬁﬁﬁﬂlpr@p@ﬁﬁi@$
of the cell, also the enzyme may avtack tissue such as
sollagen which has primarily a strengthening role,

More recently a modification of the cementing theory

has been propofed by Stelnberg (1958, 1964) and Pethica
{1961), 7Tt ig thought that caleium fons, suggested

to be of great iﬁﬁﬁfﬁ&ﬁ@@ in eall adhesion, can foum
Lon~paivs oxr twiplets with cavboryl groups on the cell
surface (Haydon and Seanan 1962) thus scting as a

bridge béﬁw&&m;tk@ cells. Oue fwportant aﬂp@et of thig
theory is that the cells ave consideved to be in
molecular contact with a separaticon of less than Zum
(208) between the two apposing surfaces. This view hasg
been supported by the work of Wilking (1962) which
supgested that leucocyies flocculated ot zero point of
charge were adhering with moleeular contact. Curtis
(1967) in a weview of the subject of cell adhesion has
pointed to o conslderable body of evidence for the
egistence of two major classes of cell adhesion. The
first is an adhesion with sepavations of less then Zum
(Zﬁg)$ the cells belng in moleculay contact and not easily
disperced., Although certaln speeific cell to cell
adheslons such aﬁ sperm to egg may be of this type, it
appears ¢hat: many cells show an adhesion of a second type
In this case a separation of 10 o 20 sm (100 o Eﬁ@ﬁ}
exists between the membranes. This is a relatively weak

-



mgi aiaM$ and i -
3 ﬁw ah@ m@dl@, p&wtiamia wly

wl&h mw&ya@u;&@ @“vatam ”ﬂaumﬁﬁﬁ ’ Ew nhi& ‘Lghﬁ mm
m@aﬁi£;& m@mhwmi i ﬁhmmry %@emﬁ &ﬁam vﬁahi@ mhaﬁ

pﬁi?lﬂuﬁly 3uwyﬁ$wé as’ ?h@ mﬁfﬁm ok ?ﬁltiﬁm iong '*mm’

ba %hpTaand ﬂﬂ @&h@w 1 ﬂ@u r&tﬁ&%‘tbmu 03‘%hﬁ Formaiion . i
mi.h&;dgagﬁ. Al&@ %“ 18 gviﬁam& that the &hawxy camot |
accomiodate the ﬁ@mk“ddh@ﬁzan wﬁ&h uhﬁ iﬁ o ?ﬁ nm gap

mwsahﬁu? inv@klﬁg the po ﬁ%mliﬁy hmi @alaium 1@&& ey Ny
mﬂm‘hw%ﬁ hﬁﬁwwum' h@ cenent m&h&ﬁi&iﬁ &mpp@ﬁwd o ;

ha QGV¢ 0g uh& w.mla. T T

K kxﬁm<a\°h$mmy @?@p@ﬁ@é by %aw;awmmn and Landau
(3?&?§ aﬁﬁ'vﬁrm@y 1mﬁ ﬁvmfb@@k (i?é%} he &&abilihw
of 1ymﬁhmb&@ %ﬁl?ﬁﬁéﬁ, Curls Ql“bﬁ) hag “ﬁ?ﬁ&ﬁh@ﬁ that
eell &dh@ﬁian &wf che aﬁuja JF m@ %amamre et w&ﬁm
'@ﬁgaaiﬂ% phyﬁ3e@m@h@mi mi iﬁvﬁagpj n the. ﬂ&jﬁﬁ&by of

ﬁﬁﬁ@;, ﬁdh@&?ﬁﬁuﬁw Lh@ rasull gi a wazh wmvavﬁibtm
”jme@uiatimﬁ wawh the cell ﬂﬁfﬁ@@ﬁ %apnmu&aﬁ b; & gap
of BOMmE, 10 o 20 THR by a baianﬁﬂik elween aa&vae?iva mmﬁ
r@gmi ive forees. Th@ Lh@aﬁy’n£=m *lﬁﬁwz fﬂﬁ adhesion
ab - qia&w “@Q&K@biﬂﬁ& ﬁg i&ﬂu thﬁm ? i with “h@ ‘posaiblli y'

,*@f” ﬁ3@&uldﬁ'ﬂﬁﬁﬁﬁﬁu. &ﬁﬁﬂfﬁlﬁ& ga this &ﬂ@@ﬂy the ree :
P wgve fores i e ﬁ @ﬁnﬁaqu@n&@ @f thea p*&ﬁ@&ﬁ& of %i ; éf"ﬂ
grmupa Qf the &&mﬁ mgn aﬂ twm wwﬁmaamg cell &mw@aﬁa '
piving wis e &w}am &iueﬁra&gaﬁia rée of. x@pujsl@u on

UL : ?h@ atiwactive force

The Loudon dis @@?gaﬁﬂ

fﬁmﬁc& i d@&ﬁfmﬂ% nﬁtﬁﬁa of the adhering particlies

4¢7ﬁmﬂ of th mdbﬁh$&m px@&ant im ?h@ gap baiwaum Lhen._;%




'-Tba mﬁgﬂi ud@ ﬁg ?ﬁﬁ a%é*%aﬁ@@m4 ai,ﬁ off with éiﬂhaa@@,

%mm7a?twaﬁaava &né; Qpai MV@ foveen chey Aifferent l&wa,
The - 1
. Law, while h@ aim%&wasaaala Kﬁp&l zva o vee falls e

!a

u@md@m a& xm@ ive fmrﬁa @%h&b&ﬁw an loverge powsr

"aeaafd&mgf?‘A~'§;¢pﬁWQma¢&1 law. T 16 predicted vhat . -
wﬁ@ﬁ &h@ﬁ@ wa forees %aﬂmwa&&g““W@'ﬂﬁﬁﬂwnﬂﬁ &ﬂhaﬁiﬁﬁ@f?;
. at diif@g@mﬁ ﬁﬁ&ﬁ@ﬁlﬁnﬁ 2an ogeur ﬁ%n& the net adhesive
and ﬁ&@uiﬂiv@ mwéxgmﬁw are ba?&&mam. The flrst is a ‘
@1@?@ @ﬂhuﬁ&@ﬁ wb@u iha‘aﬂheﬁxva forees arve. MM%MWﬁjg“
"r@h @w%ggazaazwn’mﬁ‘aniy a few nanomebers, vhis i
b%?ﬂ&ﬂ B ﬁdﬁﬁw3@W L uhﬁ p&im@&y minimm. The ﬁ@@@ﬂﬁ'
_adhesion is a weak weva coible interactlon with a
"w@p&raaamm & §@ w0 20 mnand Ls cewmed an adhesion éﬂ
the gecondaxy mi rfmn, Whilsg 0o apgw@mimht baveiar
exisie to ﬁwwvam ' ghe. appﬁﬁaeh of distant paveicles

'tg(@ﬁlim) o the ﬁ@wmmdﬂxy m‘axmumﬁ the nature of the

i

v:gﬁaml ve for aé&ie mm@h,mhaa'@ lorge p@?@ngmﬁ? GOV
Cbawpler gens gﬁﬁﬁj @E@V@H@@ ha partlcles from adhewing

mlﬂ the priingy y m&ﬂzmﬁm, The ides of an adhagion meﬁﬁf”iﬁ@ b
'whmh@wmymdﬁ ﬁ“ mimmmmm tias bam@ mﬁim&& aed on oceaslon

but Schenkel %nﬁ Riechener (L9GL) have @*@w&d@d good
\;&?idﬁmﬂﬁ'“ﬁﬁﬁ pmiyﬁ?yﬁwm@-pa cidules so adhere.  Algo- ..
Cuvids (4 96?) has pmgﬂt@d ouk. umw physiological conditions
would iavﬁmw & woeak aﬁb@*mnm 1ﬂ rma secomdary ainioun

with a aagaﬂ%aiﬁm W@f}%ﬂ xf@m‘ﬁ e g0 11,5 nm ﬂmpam&a%w

on the valuas chosen for uw ae ymaawwxaﬁfamd-Lanﬁ@m

fovee constani, . Thus gmiv th@wvy predicts adhagiamm »
vhich mjma@iy ﬁmwv@ﬁwﬁmd aa“whﬁ o classeg of adhasions

N ﬂl&au“ﬂ@@ Fow ;»?i? &bﬁw ’ burmhﬁwmg&m the fLonle m@i@&imﬁ; (




s

of th@ aﬂhg&g@ﬁ of tlssue calls are cerrectly explained |
by this ﬁh@ﬁﬁfﬂ High ionie a&mﬁm@thm would be espected
| to reduce the ﬂur.aa@ potential and as a result reduce
the. eiﬁctﬁﬂﬁid&iu Soree @f ﬁ@pﬁl@imm‘m this promoting
adhasion Lﬁ the sacmﬁdawy<m&nimvm¢ Divalent cations
are moxre @fiﬂﬁﬁiW$ L waduﬁimg the surface potential tha
axva mmﬂﬁvalom@ am&&anq, h@mﬂw ghe lwportance of caleium
Lons in cell adhesion. ““h@ theowy algo predicts the
velative non-speelflelty of adhasion, vheve celle will
adhere to a wide vange of other call types and othew
surfaces such as glass normally alien o them. At present
it seems that the lyophobic colloid approach of Curtis
(1966) provides a move savlefactory explanation for cell
aﬁhm slon than the other theorles soutlined above, though -
ths date the critieal expevimental date vequived to
propavly evaluate the various theorles does not yet exist.
There is even less data om the role of the cell
membrane c&ﬁ@&i&uumta in the adhesion of cells. Theve ha&
baen ﬁr@cuﬁa?iﬁﬁ about &hm action of speelfiec moleculas
thought to be w?@&@aﬁ on the Fpld membrane (Weﬁamswmjgﬁg
paxﬁ&aulafiy about the ﬁ&g@%ﬁi&&mﬂ@ of the amﬁbmmy ZROApa
off cam@ﬁuﬁ ﬂéguah as - ﬁialia acnd (Coole et al L96L).
4 %@$‘ r&aunﬁly mechanions »nvmlvln@ the aamplex ﬁwxEQMyﬁxa@m
pfﬁa@n& on the surinee have been pﬁmﬁ@ sed by Ros am@m o
| (19?@}, These mhﬁmvi@ are based u@ﬂn the diaamv@ry byc;w¢
;Gypmnhnzmm& et al (19&9) ahaL &h@ c@ﬂv@xﬁi@n of ugmw"

aﬂh&s&v& £o aahm&iw& teratoma ﬁﬁil ﬁppuﬂf £ r&quax& ‘
&h@ symgh@§ m$fwmgluuamim@, %? h@hﬂg thﬁught puobable



that aéhwa%v@ ﬁuh mammas ave fmwm&ﬂ Ty mm?aﬁmixo
?ﬁ&&?iﬂﬂ% in whxah Lwaiuﬁamima ig t@ilﬁ sad. One
mha@xy ﬁ?@diﬂﬂw %n%@gactxam% hwﬁwawm @aﬁhﬁﬁydﬁa&@w

‘m& two apposing ﬁﬁtl‘m@mbﬁdm&@ ukiilz ring the fmxmn slon
- of hyd~@gﬁm bondsa h@&waan the alycope um&mw. A seeond

*mp@sal by Rﬂm%ﬂ&ﬁ (197@) is of an ﬁﬂé?mmwﬁﬂhﬁLY&Lw

intawaetimn. G@il surfaces are suppmwn@ o contain

bahh ﬁﬁb&?w@t@ am& enEyme and. tha binddug of one to the

other results “na stable adheﬁ%mn' -mgmlua of Investipgas

tdons into these. &h@@wiaﬁ ar&,,aay %yﬁiﬁminﬁay as yab

| (Roth MeGuire and ﬁvaam&m in prep.).

&.mmgﬁf Lﬁﬁ?% ctiwm to the lovestigation of the
forces wh@mh;ax@ imvﬂlvad in eellular adhesion has been
the lack of an adequate technique allowing an absolute

'mm&su?mmwmﬁ of eall adhesivencss to be:wade.. F@&vé@uﬂéy

mm&ﬁuggm&m&& havm been madé of the forea requived Lo

”ﬁmpaxd@v maliﬁ (ﬁw@mkﬁ et al 19@?) but these mechods

can be cri%ic3s@d on a number of “?ﬂﬂﬁ@S‘%hﬂ zn?axaﬁilﬁﬁ@r )

. material such 28 ‘eollagen may congribute o the
| i@&iﬁamﬁvﬁ @f m@31@ (] diapam&aw&, or that the forea
 measured. may %m ahmffxaquix@d ¢o couse wupture of the
‘aailﬂ B@cﬂuﬁa of &haﬁe problems, attewpts have h@@ﬁ 
‘?madw £0 meas e a@he& iveness during the. ?axmawimn of
¢'um11ula? ag gw&p&&&a.; Mb vmna {1961) used ah@n&l?@ of
- gell agga&&aaﬁw, r@wmaﬂ wh@n a ﬂn n&nﬁiﬁn of single

cells was &hﬁl%ﬁg as a m@&suﬂa of adhes: V@ﬁ%wa, hough
& is ﬁlfmimula @m devive an &bw@lﬂ&& mwa&uw&m&nh from

ﬁnmh Kﬁﬁnlﬁwu Quw&i (1969) h& deseribad a technigue




which allows cuch a measuvement. %h“hm made f£rom the  1!L5*
'Mﬁﬁ@ of aggrwga&&@m af L&El muwpﬁnsi@nﬁ. - This tachniqm&.i;fi}?
is bagmé on: wm Gundam&nt&] emnr&mta, ?a*ﬁtly, )
1;mavamwu 8 of the m&ﬁ§um in.wh1¢h c%ll aha ﬂuspended
unﬁ to bying the p&xtiqlaa Lﬁ?@&ha amﬁ mhun‘ &ufu ”¥
wmpﬂﬁﬁﬁﬂ rh@m as - ﬁh@ pﬂxtielﬁ 3& paﬁﬁﬁd.by anﬁah&r
pﬂ?ﬁiﬂl@ h&viwg a ﬁ@l&tively gx a@&& V$lﬁetﬁy. LE the
dthSlV@ foree’ 1@ aufjicien& ?m briﬁg th@ parﬁisluﬁ

y @1@;% ﬁnvuﬁh tﬁﬂﬁ cher a ?t&bla aﬁhamﬁmn w§11 ”@vm o

ﬁ@uuﬁi ?h@ br@ak mp of thia a gvmgatﬁ. ih@ 3@3&&&

iﬁl?,wmn@mpa g @hﬂg gh% pr@pmgLimn @ ‘eollisions raaulﬁlﬁ?

“iin adhaaianﬁ 18 .0 measure ﬂLAfhﬁ‘&@hﬁﬁiV@ﬂQﬁﬂa This
pxmgmr?ﬁmn, te Wmﬁd ah@ rt&hiliay é@?iﬁ oK collis

iaa
'wﬁ%mciancy, haw been m@ﬁsured p wv}muﬂ&y ahmu&% waw t{
o ai mm.ly. Almmmgfh ‘f”‘tmhﬂ (193&} s!m, .hme:i an &bw@&ﬂid“
i a%mw& of the ad%&miva @n@wgy bet ﬁ&?ﬁ wax&mc les from
meas uwam&na @ﬁ the @tabili&y xﬂtﬁm, hmu t*ﬁ&tmann ig -
not applin&hla 0 ﬁuﬂpﬂn“iﬂnﬁ of cells subjected o -
hyﬁwadynamia ﬁaw&m&, sinaa it treats the pavticles as
,'aat%ng umdar the &a&imn*mL Bxﬁwnl m motion. Curtis
- and ﬂmahiﬁg (L??ﬁ} hﬂ?@»ﬁ&V@lﬁﬁﬁd 2 new awehniquw for
ﬂamiwin mh@ adhms&vw fmrc% trmm the awll#*iﬁn @?fie@gﬁay
xﬂhinh‘&s app ieab?@ ra m@a@ar%mmmtﬂ made in uu&pamgxﬁmﬁ
subject to 8 lﬁmuﬂw shear gwadi@mt,  This - gchniquﬂ
hag been u“%ﬁ in the pm&s@mﬁ&t&ﬂy of the flocculation
of single awﬁ? auﬁgﬁnﬁiwnb amﬂ.wali be dms ribed: &hliy
%mlaw (see Ma?ami&l& and thhaﬁ&}q




Ono axpo&mm&nt&i apprwach uhﬁch nay pfmvida‘
more avlﬁun@m with whluh O ﬁvajuﬁau thé v@&iuum‘
theorles of ﬂwiﬁ adhiésion 18 th&h vmnaw il with the

physieal pagdmuaax'%mrmmd Lhc dielectsle constant.

This functio on Wy mp cunqidamaﬁ as the charge éﬁg Lp& cing

Cgualliy of. umm mmdium and ig dwﬁ'a @d bv qulaMb&

@q&htimn. T d maff ﬂﬁwﬁtiﬁﬂ 6f whe pﬁaazhla ch&nbﬁ

Lm the uﬂh@dlvu properties of cells wau& dialoctxla
constant, tha ly@ﬁh&bic colloid stabilivy theos By
pmmpmﬂeﬂ'by ﬁ@ﬁj&ﬁﬁiﬂ Landau; Vmﬁway'mnﬂ ﬁv@rb@mk
inﬁicﬁéég that the variation of potent -{al and force
with distance is u@pcndanz upﬁn the dielectrie conctant

- of ah@'ne&ium.b abwaen the p&z?&cimu % guyr 393?)

Thamﬁ@Liami malaulatimmv of the &m a! iﬁtafac &ﬁﬁ

potential enevpy &uﬁw@& for paﬁaaelma Lo whiich the

dielectric constant sm the m&dfhm has %@Qu varied
show that %dhagivﬁﬁﬁa ‘can be a&"cﬁ@ad by thm paxamptﬁrf

(Brooke et al. i@&i, ﬁmgoji 1971 ) On the other hand,

”’Lh@ dleleciric constant value of the “4wwﬁﬂ“iQR|MEdi&

is not a factor to be camuiéeruﬁ in the other theories

off cell adhesion putlined @&ﬁlmwa, since thege g@ﬁ@yally’
d@peﬁ&Aupmm @p@aifié chaﬁiaﬁl §m&@ﬁ&ﬁﬁiﬂnw{bmﬁW&ﬁﬂ call
3uxfae@$=&mthemguhaa on bulk properties of Lne wediuwn,
E#péﬁimﬁﬁaal QV&damca concerning the adhesive prOpo gles
of cells over a wamgv mr @xai@mwr&a constant valuem hmuié

- thevefore be of some ha?p in e Lucidating which L1f any of

-----

the eurrent thmwiva of MﬂLuLLOiiujdﬁ ﬂdh&ﬂl@n is the

- move relevant.
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@hﬁmg&ﬂ.%m the dimiﬁﬁ”mie @mmmu@ of -the mediam
'aﬁf@@ta both the suergy of ﬁ@pwiﬁi@m @aﬁ the enes way of
atiwe @&&@m.h The electrostatle value ﬁf'ﬁhﬁﬁéi@iﬁﬁﬁfﬁﬁ B
@ﬂnﬁ%@ﬁ& _a%w muﬁ&nm,mmga e mmwﬁ lo order vo determine

_aﬁ%éagfﬁ@ea £ f@yui pive &m&@;&ah, ~The ﬁi&l@aaWﬂe eonshan

for vavious ghmaa o b&mlﬁg;gﬁif$y tems has often bean

f&ﬁﬂuﬂ@ﬁ to ﬁwu immﬁax ©o that of watew, buk Pollack

et al. (?%6&} huv@ @ﬁiﬁﬁ@ﬁ out aﬁa* ”ﬁ@ ﬁi@1thEﬂE*
constant:is ﬁr@ A mp@ﬂ ahm maeronoleculen present
im«&akwﬁiﬁﬁ*°‘Whav groun &mﬁ@m&&& thint ag the @i@atwmmi
ﬁﬁ&hi@ dmaﬁ&w wle constant of the medls is incvessed,
whaw is an ﬁ%@ﬂ&?% decrease in the potential €ﬁﬁﬁ§y
bayu&aﬁ b@%%m@@ L@ﬁ ﬁh&ﬁ&&d Pty i@imwg uu@h in. this
“&uﬁy ﬁ%hﬁﬁ@ ﬁva @ﬁﬁ?gi& WL &ﬁ freat aﬁ. H@m%v0£
Brooks et al. (106 ?) ‘and: ﬁzﬁgﬁi §1971) h&v& @h@ﬁﬁ-&hﬁ& f
for a glven value f;az% ‘the atiractive enexgy, and Inerease
ﬁ@@iiuia%<w&p Wil

in dielectric ﬁ@ﬁ?\‘ﬂ& of the inte

%mw &&%ﬁ the we ﬁ&lﬁm?@lmﬁym.W&&h 8- gons Qﬁ@n%:iaam@ﬁaa,,

in hﬁ% pm@&m&ma? @m&wwy ‘barvier aud a decre t$§‘$ﬂ4ﬁﬁ%
_megnliude of the wm@wﬁ““y,mme&wm. The vange &ﬁ‘@@ﬁﬁibl@
@:ﬁhi&igy-ﬁm;&&@-ﬁ@@ﬁﬁﬁ%ﬂﬁ‘&@ﬁ@mmei@ ehified to higher
z@éiﬁma of ﬁ%& London-Hamake T RORBTG ante '

While pa ’ﬁ‘ﬁ@@mﬁxy %h@@ﬁm&uaﬁi Lreay tments of ﬁh@l
VﬁagmlﬁLv% m1@¢ﬁﬁﬁﬁﬁﬁmi@ &ne gi&w have . wamﬂ ﬁmvwlaﬁg&

6—

previous investigerions of @awu:&ém interactions have
- heen 1§mi“m§'ﬁy lack of a &mi%%hi B daent of the
Londou-van. der Waals @ apgractive @ﬁ@ggy.v Uatil quite
recently, méasurements of VA dey Waaly i@whﬁm ware

indirect Deing wostly based on the force requived to



brealk adhesions between mwfi’mam" ??@1";3 aguin and " 1 3
‘ &bm’iemaa IOV (i%ff} amm} &mcmw “the #ix xm m puhlifsh
‘divect measurements of ﬁ,.h@z foreos bmmwm surfaces. a8
o funceion of sepavat imx, the smallest digtance of m
mppmémh bé&iﬁﬂsﬁ‘ﬁﬁmm 100nm, ""‘I:sm:wmm’}« éﬁzaﬁ::?,mm*m f:e"’
energles E’zm?f:z 5 hwmvm”, been limited by several ad hoo
mmngam.fm&a, %:‘i”af?- WOS st dmportant of which are patwwise
addiwﬁmw m mmw dual atomic interactlons and an
&’“s:m.%:,mgy g mlm wim factor' corzeculen foi (émyi"'
intermediate subo -m% "b&ﬁ.ﬁ@ﬁﬂ -;:f,,mmammg paéés;‘ﬁ,e:ziﬂ.m .
A amﬁpi ately ALF mmu.ﬁa appmm‘?’i 'e;rhﬁ ch uses the bulk
dicleectric prope mi@a ﬁf ‘the mmm;ﬁ}ﬁi has been devel ﬁg@@&
'by" Lifohits (1936). ‘mm theozy elicumvents the -
mmzpa,wnw L5 e:f»m:w mwﬁma becavse it includes all ;

| the many ﬁzamiy fovees, vetalus the caiributlons from all
Amﬁﬁzf@mmim@ ﬁ?@?équ ;é:m:msa and deals @@f&:mcﬁ:’iy' w"i;i:‘i:a the
»M’mc& of inbes mmﬁiaw substances (Duyalos Kii&‘i&?iﬁii A E
LA fehitz snd Pleacvekil 1960). The theory of Lifshivs
has been successfully ucilised by Tabor and. Winterton
(1968) in a divdet weasurement of the van der Waals

forces betwoeen wida sheeig, m@ x%zmﬂméé :a‘ss wemgm

to have full genewal ey and is apil. teable o any body,
it also aveomal z,mmy m! into sceount mwmﬁm.ﬁm
effects which 'ﬁmcm@ mgm:z”@,&m, ‘E&’;&x. m"i‘iﬁfwﬁ‘gﬂﬁﬁl Vi lafgg@
mpm,r:m,mw '%:ae.,.,fc*twm the bodien {.‘&,,:%LE;‘ il 3%6}

the Laver papew mﬁm w‘imm the i&wwy i wﬁzizmcimﬁ co |
eages where the &;c}f& bwm@m the @msﬁ&m@ ta £111led by some ]
\gig_m@dima EAR is. wh{nm ag a gj,@ﬁ&:ﬁ:aﬁ ss?.mmmaza on hat any two

ﬁdw&.&.iwil hm@mw

wﬁ,m al w&w aﬁ* %*ﬁ;; one anothes whatever .
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the nature of the intervenlng layer, and that the
greater the difference between the dielectyie properiies
of the two ldentiecal pavticles and thob Intervening
medlwm, the greater the attractive force between the
pareicles, Applications of the Lifshite theory to
caleulations of van der Waals forces acrogs ﬁhim}lipi@
£ilwms (Pavseglan and Minham 1969) and in lipid-watew
syatens ﬁminham and Pavsegian l@?@} hm@@'ﬁhmwm that while
it ie necessary ln principle to use total macroscople
- dielecerlce data from the component substances for '

a full amalyszils, in practise 1t io @ﬁgsiblﬁ to use only
partial infompation o perform satisfactory caleulacions
1€ this exists. |

.

Becouse of the growlng amount of kﬁmﬂlédge becoming
avallable im the litératuve conceralng theoretical aspects
of the dielectric constant in velasion to particle
interactlon, i was thought appropriate to relate this
knowledge o the problem of cell adhesion. This theois
deseribes gome preliminary work on this problem.
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i, nmueﬂmina&amﬂ of G@ZL &dh@&%vanﬁma ﬂ ﬁhaasy

) Em a “ﬁ%p@n imq of pﬁmt&&i&m, cm&llﬁiﬂu& can bw;
'b"aught about: . aim&aw by, anwﬁiam wmtmmn or bj mmvam@muﬁ
of the mﬂdlmm. ~in o the 1&&&@» wa&a, ig Lh@ mﬂvam@m&
are uah thag uhw pmwmiciﬁs ﬂr@ brought into aa$14aﬂm
by a lamimag shear flow of rate ﬁ, it is pm&&xbla t@
d%%kV@ a Lh&@*ﬁ?:aaﬁ fwaguency for collision b&Lwagm
ﬁﬁ%tiﬁl@&. v@m %maluﬁhewski (1916) showed th&ﬁ fov
pawhiclea of ?adiua wi and rJ, at eoncentrations ni
and nj, the total ﬁmmbum of qa?ii@ﬁmns per unia a1M@
‘}-inL@tval bijs during a flnccu?amzmm in a. %amia@y

h@&r gradient iw givan by ﬁha wml&ui@n hiw

b:i.j o é';f.%. G &u ‘1;’*;;}\'; (ﬁ?i*ﬁ“'ﬁj)ﬁ S (1)

‘ wharm C has thw ﬁimwm%;@ns of r@ciprme&l 4 m@. Tha“ L
“ aquari@n eannab be appli&d €0 &h@ whmla gourse of a

*#Llﬂ&&ﬂl&?i@n bmcaudaj@mam mn ﬂﬁﬁ?&@jﬁh?$ quamﬁm&y of

a5-have Formed, these oy a@ll%ﬂﬁ?ﬁ?V

?EiﬁWﬁtpawﬁicLa ags wagaiﬂ

“£o give ﬂ&m@@*ﬁ &mux bﬂdiaé &ggrawahaﬁ._ ﬁwif? and
4"Wfrm¢d1and@r {1@6&) haw& d@%@l@p@@ a paw&i&la size

,fd ﬁms butimm b; im&%&xa&ing th@ ﬁ@tﬂ? numb@ ' of
ff;amljiaiaﬁa fmg alm ei&ssam of ag gr@ga&a aim@,J They
;f{wa~a able to ﬂ@mmﬁﬁtrata thﬁtf?hi “piae dia&x&buuiﬁn
fhnurian is m&ﬁh@m&&ia&jiy canats&mu@ w3th &h@ Von -
wwmﬂuchmwuki ﬁh@@%v of flﬁccuiﬂtmnﬁ and th&ﬁ Lh@ total
Anumhaf af pﬁWtﬁﬂlﬁs m? Limm m, MCO&¢ aﬁnpar@ﬂ W?&h‘@h@




at the start of ﬁf&wa@zylﬁ&a Lon Noo@ ig wm’z 'by

‘ R GRS ) - f?}

Neco v

E'whﬁfaaﬂ'ia agﬁinfﬁ%@ash@ﬁétwété‘aﬁﬁ*@ i8 ﬁhé'valﬁmﬁ
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Cdlay unda? ammdL&ﬁmﬁ& ﬂf ﬂh@aﬁ emu?d not be EGlVQd
ﬁauaiyﬁzeaily.g, i P

L Maw@mﬁﬁ& @& &ha maﬁxum*will u&mﬂ ﬁm %Qmﬂ@pﬁﬁ&ﬁ@.
Vﬁhe pawt&aias and mmly a ﬁr@p@?&iﬂﬂ of all eollisions
may be @af@ct @ in pwmduaing apﬁrmﬁaﬁas.“ The
prwb&b%ii@y &ha& a. ccili&ian botweeh | wm ‘particles
rasults in an mdh@&iwﬂ‘iw turmﬁd ‘the @mllimiau a £ficiency
(vtabxlity ra&iﬂ) and wquatimn (?) ﬁ&e@maa

;in,:§3%§f=élv” 5G$um

ey
'whnra = ig the mutlimiﬁn aﬁxiviﬁmay. The collision
| mg mmail p&%&&ﬁl&&, in that the ﬂﬂyﬁﬁgﬁﬁ ﬂﬁmbﬁx for
Lh@ir‘mﬁ?ima is - less than unityﬁ i m igﬁ@d by the
’*fhyﬁxmﬁyuamxm %mfm@ of axamala&imm amé xmt&t&ﬁm of the
particles, dhmch e mearsaly @f@p@?&i@ﬂ&l tw the gap
h@twaan,tn@ auﬁ&acag (Bmvﬁn@w 1@@1}.\ Taa ah@ mh Jence
of an adhonﬁvm fonaa, &hm par?&ﬂ 28 wwuiﬁ;%ﬂ~bﬁ@ugm&
together. by mh& mb&aw gfmd&@na aaﬁ then wotate ardund
each ﬁ&h@w ﬁa f&ﬂﬁ@@ﬁ?ﬁ&&, ﬁud n@ ﬂaublgﬁ% wma&ﬂ be |
- formed, R |



”“ﬁgéﬂ adh@giﬁﬂ $@raa whleh aﬁmjd &mmm&em&&t the

'thdxmdynamﬁc xagna, and thus allow an aﬁhvssmm o
*;@ﬁcu duxinb & @oljialmm of two pariicles, is the
i,&anﬁmn»vam ﬁ&r Waals force, The London dispersion

: ~a0vaa ia an an ?&?ﬂi?ﬁ ﬂ@?&ﬁ ﬁm which all molecules.

lﬂf@ﬁ@ ubj@e&. : has., baam proposed as the force vesg~ |
p@ﬂw&bl@ Eﬁm the c@agulailmn of lyophoble aallaadﬁ, ﬁ;iﬁ -
is ﬁhﬁ-ﬁmly &ﬁhﬁﬂﬁ%iﬁﬁ far¢@ of suEficient @mexalmﬁy |
" (Overbesk 1952), Using a caawaw@ﬁmdange model; the
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will polarise. thﬂ ﬂipﬁl@a 0€ any m@&%ﬁhﬁugxng atom
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x&aulk@ in a ga&m in energy ﬁﬁﬁ@%wym»ﬁuyhaﬂ 1961).
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h&maa the ﬂ&ﬁﬂiiﬁ&ﬁﬁﬂﬁ of this forae ?ﬁ the s?udy of

. amllmld F}@aeulaaiﬁa.‘A o (

. For two pagallel plaamu,'@ﬁ $'¥hi£&nasa 1aggé 1

: ﬂﬁmp&ﬁl mm L@ the ﬁmstmm&g b@twm&m them, the éﬁﬁﬁaa@iv&;




amawgy Va amn bﬁ_“&vcn hy ' R »x3{;~1. ?L;,;

"wh@re:A_is Lh& %aﬂdmn Ram&kev €00 bﬂﬁ& Lﬁﬁ aha ma?ermal

- of the plar ﬁ amd d 25 Lhm hnlfmdistaﬂmm baawaan Lh@m
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applied to adbesions in the priwary minlmum where no
apprecliable electrostatic repulsion exists to provide

a potential energy baveier to the approach of the
partiélgs; or to those in the secondary wminimum though
there ave at present aemﬁu%atimm&l problens in this case.
The treatment of Fachs (1934) 1s applicable wheve a
potential energy barrier existe, The treatwent of Curtis
and Hocking shows that collision efficiency is

dependent on the shear vate (equatlon 6) whereas Fuchs '
treatment has as its vate detemming step the frequency
with which Brownlan motion energy exceeds a certain
value, allowing the potential energy bazvrier to be
‘ﬁuxmmumneé. This is not dependant oo shear rate and

the collision efificlency will thus be Independant of
shear rate. This provides a method for assessing the
a@glicabiiity'eﬁ the two treatments. 1t should even

be possible to modify Fuchs treatment so that floceunlations
in a shear gradient with a potential energy barwiew

may be dealt with.

2, Detexmination of Cell Adhesiveness - experimental

The relationshilp pilven by Swlit and Frledlandew
(1964) allows the. collision efficiency fov the
floceulacion of a monodisperse ﬁu&p&ﬁﬁi@m of pavticles
subject to laminar shear flow to be determined from
counts made of the total number of particles at timed
intezvals. The Couette viscometer provides an apparatus
in which laminar £low conditlions may be achleved with
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5:@mucuntwlc cylimﬁaru, @ma suspendead ”“@aly inﬁide the
Hﬁﬁhﬁﬁ wi&h a‘pariow Bap’ batwamm @hmn.; ﬁ &uﬁpumaima
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S ReZTERD

vhere W is the aagular velocity of the ?@t@hmn eylindex,
and Ro. and. R& ape the x&dﬁi ﬂf;ﬁ%& ouier and Mnu@&
eylinders ras pwaiiv&iy. )

. Pairly low wates of shear are necessary so as to
' ~a11vw mmm%@r:@f‘wﬁaﬁu"omemau to be made, Albers and |
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vadius of the ag fe@gam@ amd-w:i? pend ko braak ahwm Upe
1_?huswfog any ¢ mv&m valu& of. coi?iaimﬁ @ifﬁelcnuy, at

U a glven éh@ar ai@ therve will be an &qu11$b§ium size

" for agpregates a iwhimh the vate of ag sregation ia

“‘f'&qual o thm K&ﬂ&fﬁf disruprlmm of &hw ae&g@gaama. The
| © . higher the sh@@w %&t@, the &m&ll& w1§3 e the maximwm

o size. of" Lh 3

1?*@ga&am, and Lh@ aﬂn@g wili the egullibrivm

e @Qnﬂiﬁigng he: @tﬁaﬁm@ﬂ.f Siﬂc@ hw meutic& of the
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@quaﬁi@aé(ﬂ) as ﬁﬁa'égailibrium condivion ig weached, ‘
it is iwportant thai measurenents ave wmade before this
point. A konowledge of vhe sheaw wate also allows an
evalvation of the contribution by Brownlan motion in
effecting eollisiong, a signiificaat contribuiion wounld
algo vesult in a divergence from &ha.kim@ﬁiaﬂiéﬁ
equation (3), Tuorila (1927) dexived a'f@latxonah
for the ratio of eolllsione produced by uhaar to. those
pwadua&d by Browailan motl Loy J/T, glven by

s e BELAEDI G - ®)

2

where kT hha the usual meaning. For chear vates as low
as i‘ﬂmc“l an@ wiih pa?ﬁ;cla& of radivs Sum. at a
Gmperaturw of 2939, lese than 1% of the collisions will
he bxmught &bﬁut by onwnimn mat%mw. it ;3 therefore
possible o achiwv& aﬁbregaﬁlan ‘whlch aallew the
kln@?lcs of cquaﬁiﬁm (J) by suitable choice of the
ﬂimanaﬁﬂng and anpular vcimaﬁry of a Gmuetta viﬂomae s,
The GauaL&m vlsccmetc~s us&d WRLE ﬂe@ign&d by
L, Gmm@wmn Esy. of the @@ﬁﬂ?tmﬁﬁ Of ¥ an@wing,
Univaﬂ&ﬁny of Glaggow and constructed by Lhﬁlh wasashﬁp.
‘vh@ eyl&ﬁduyﬁ were made of ENSED b:%lmioau &ﬁ@él, which
ie resisteni to c@;raﬂﬁmn by bailue ﬂmﬁurimn 8, and
m&dh&med to & nzah of 1ﬂum.‘ The iﬂﬁ@aA ylinder is
freely suspended on air baarln&s whxie Lh@ outer vylanﬂe
i8 rotated &@ &ive a cmn Gt jaLa of sheayv by means of
an LHLPBF&LLR& motow {@?h@r Lﬁd. revanag@, Hewrt 9) whiaﬁ
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The Couette Viscometer

Inner bob shown on the
left.
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miang at a very stable speed. ‘Speed of wotation of the

outer gy?imda “ean be vawied by changes of voltage oz

‘*'F&afbmm 80 ihﬁt‘éﬁ@aw vates Erom z‘gagﬁl to well above
“Zﬁvwﬁc l ﬂg@ ﬁ%u13§ &L?ﬁ&ﬂ&ﬂ1$a | * o ‘
. CThe virgmmﬁa@fﬁ were p?dﬁﬁﬂ in a cam&&aﬁ& tempes auu&a
room &em@*hmum mﬁf@wa use to allow &h@m-aqvm@achlﬁh@
m@mparatuv@ g mhfah mea&uwﬁmemﬁu were to be mado.f The -
%ﬁonutﬂﬂﬂtiﬁﬂﬁ were miwgnud vertically by levelling, the

““ieﬁnsarunui@m of rh@ vmrcmm&taw @NEwLes a correct

caﬂtesimg nﬁurh~ loner cyliﬂdeﬁ Ingide the au&ar 1mtgiwmg
ayiimﬁaf allmwxng Labla shear &wnﬂl&immm tm be set

up. onee - Lh@ outey aylindar is x@ ating ihw v&wgamw&ﬁr
li% Qﬁ&ﬁﬂruﬁtﬁd‘Wi&h air baaWngﬁ pregsure b$mng pxmviﬂwﬁ
by a small aav pmmp dﬂfiﬂg‘thﬁbﬁﬂﬁEGQ ﬁ& ﬂh@ expaa&m@uh
(ﬂl&a 1) | L |

;.;'

Do Mndsurmm@m mf mmmlactwﬁu @ﬁﬁ“ﬁwﬁ& ».th@mry

M Undux iﬂaai c@mdlLlamﬁ, rh& ﬁmwzwctrxc cmnw&&ma e’,
of & a&i@fi&l umﬁmy test, will be @@@pﬂﬁ&l@ﬁ@l to the

- m@aﬁuxaﬁ L&pami RANCE, Gm, ahtaxvaﬂ From® the appaw&&uw

to be described b@?@w. Hmwmvaf, in practice Lh@ iﬂmai

iﬁ,new&w @bu&iﬂ&bl' and ﬁava?a] &wmﬁ?iraﬁxug avﬁwﬂr
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" between two @1@@&?&&95 of simple geometric ﬁﬁrm, wnah as

two. plane maraiﬁﬁl wlaraa.' Twa problems must b » consldes aﬁ,.r“

L4

{a) the ma@@auam0mr of &h@ ﬁ&pﬁ@l&aﬂﬁ@ iukswch a die electric
eells (b) &h? @vmlmﬁniaﬂ of the di@?&cﬁajg Qﬁﬁﬂtaﬁi, e.g
from the maaamwaﬁ @ﬂ@&ﬂi&&ﬂﬂ@, Gm.
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Guard ring arrangement
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Fig. 3. Equivalent circuit for Cm and Gm

A. Complete circuit for dielectric
cell with conducting solution.

Ce Cs Le Re
AQ ; %%“ﬁ {gg i SR AA Yy 7
L@ﬁ& 'Mwﬁj
Ge Gs
|
H
Co
Cm
Be g% o B. Circuit as seen by measuring

bridge.
Co - residual capacitance
Ce and Ge - electrode effects
Cs and Gs ~ conducting solution
Cm and Gm - measured values
Lc - inductance
Rc ~ resistance
6 - Ge+(35
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Fig. 4. Dielectric measurement
apparatus
showing: Source and Detector
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Fig. 5. Plot of Cm against 1/d

(results from table 2)

from linear regression analysis
Co = 1.0285 pF.

K = 0.8388 pF. cm.
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_':mmp._ : 2.5 4+ 0 ..5‘7@"' ‘ S ”
Solution: szb.'&.esg‘lasﬁ distilled w&f,é&:‘: umc::a.. fe‘: :
- conductivity = 0,57 = 104 olm™ T‘ =
é].é;:ﬁ:mda separation ;"éépa;‘:itm’am - conductance
dim a . CmpF | em pu ohm~!
.25 | 0.8 585,08 105
2.50 | 0. | 29231 | . 49,9
3,75 | o.2667 ] 1955 | 32
5.0 | o2 | 14719 | 2441
6425 | 0.6 | 1831 | 2

‘I’al«:mg, the dlielecis J,.c: constant of water as 8'7 (?—‘Fanﬂbw
of (’:hc«zmm...»ﬁ,fy X ﬂhymc@) and Cm = Co Re /4

Firom 1 med:: mg ltm

l 0 = 1 0265 pr
'I”' =0, 53‘353«3 P, cm.
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TABLE 3

Vardaslon of diclectric constont
with freaquency and couduetivity

Solutlon: 0.5 mol dm™ glycine in distilled water

Teip: 2.5 4 0,5% |

conductance vawied with 0.0L mol dn”> iriethanolamine
El@nﬁrﬁdm saparations: d1 2.5 wn.  dg 5.0 mm., |
theovetical dlelectric constant 98.8 (Myman and McMeekin)

Frequency  Specifle conductivity (x 10~% mhm"l mfl)

iy <10 50 125 300
1600 93.82 98.31  98.95  106.95
500 98.84 98,76 99,22  105.20
200 99.74 100,05  98.29 -




b1

Gireuit Tnduction LG

1 Mg
2.5% +.0.59

PFragueney:
Temps: 3
Blectrode separation: 5

.0 ﬂ'ﬁﬂu a E

Conductance. vawried with 0.1 ml du~? ¥CL in distilled water.

Speelfie . Lo sl
conductiviey -~ <apacktance

“ronductance ol b

(= 1@5415ﬁm“1 mfl)'.: Cm plf 1$m (10“3) Gmg‘(lﬁ“ﬁ} o
223 137.55 5,396 19,32
307.7 127,40 G203 38,477
361, 5 118,25 7.485 56,025
507.7 86.40  10.644 113.31
. 638.5 49,20 12,988 168.68
'Lc m a @ﬁ (Schwan 1963 pp 375)
d Gmd . "
thpﬁ~;rﬁ$'piot of @m!@ﬁﬁ
Le = 0,588 = 1079 1
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Fig. 6. Plot of Cm against Gm?

(results from table 4)
fitted regression line

CmpF) Cm = 150.35 - 0.588 Gm?
150 . ‘ thus Le = 0.588 x 10-6H
1001.
60|
0 ) ! i ! [ 1 } ] J
0 : 60 100 170

Gmlpoham.
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mABLE 5

Dielectrlic constant vesults

Pemps 2.5% + 0.5%

Blectrode sepavation: dy 2.5 wme
Speciflc conductivity of all soluiions:

dg 5.0 mm.

64

< 200 % 1@"@ o b

Bach value a mean of at lﬁaaﬂ 5 readings; variance <27% in

all cases.,
2Tyt Plelectric  Frequepey
Solution 213l ConBEAnt iy

Clyeine

0.1 mol dm“ﬁ‘ unbuffered 6.4 89.48 500
0.1 ‘ buffered 745 G9.31 300
0.5 i unbuffered 6.2 299,02 500
0.5 " unbuffered 6.2 99,25 100
0.5 " buffered 7445 98,60 500
1.0 ” unbuffered 6.1 1115 500
1.0 " buffered 7.45 110.7 500
Niglyeine , |

0.1 mol dm”3 unbuffered 5.5 95,01, 500
0.2 "o wabuffered 5.8 103.15 500
D-sorbltol

5% wl/v buffered 7.45 86.57 1O0
59 ; 7045 87,17 500
5% ” 755 87.10 1000
Dextran m. wi. 15-20,000

%‘w/v bu&&mﬁad 7.45 86.22 500

5% ‘ 745 65,60 500
5% . ! 7.45 85.20 100
5%, 4 a 745 @W .50 1000
Ficoll 4

1% w[v bufr@w@d 7.465 86,70 00
3% 7.45 86,09 500
59 " " 7.45 86,08 100
59 " e 745 86,09 1000
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- Typieal @i&lﬁctwie Q@t@xmim&mimn

pstimation of 5% w/v Ticoll solution, w.wi. 400,000
Frequency: - 500 kg
- Remps S 2,59 4 0,59

specific conductivicy: 67 = 107% ot wel; pu 7.45

Electrode sepayation Capacitance Conductance
wm pE . oohm~l

Ay B0 142495 1

o

P
L

o

.0
3

143.00 138

L]

o mS 280,00 - 127630
S . 280,10 2752.0

Taking Co = 0.98875 p¥ and K = 0.8389 pllem”

| dielectwle constant = (a) 86.096
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" TABLE 7

Viscositles of Reagsrecation Medla

Temp? 2.5° 4 0.5°C..

Madia . Vigeoslty (% 1077 Nem™4)
Enpecimental D-gorbital

. medin - control madla
Brperimental S nﬁ=ﬁléi ,

| media s
‘panks-199 . 1,907 . =
Hanks«199 N f o PR
S 0.1 mol dm”™. glyelne 1.738 - 14723

‘Honks-199 o .
0.5 mol dwd glyeine 1.799 ‘ 1.759
Hanks-199 o . Ly "
1.0 wol dm~3 glyeine 1.847 o 1.828

- Hanks-199 o S '
0.1 mol dm"? diglyelne -~ 1,7496 - 1.800

Hanks-199 ig- o » e :
0.2 mol dw=3 diglycine Lo oo 0 1,847

‘Henlg-199 o A ,
Dextran 5% wiv : - 3,238 | -
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Fig. 7. Plot of InN., t against time

(results from table 9)
fitted regression line
InNg, t = 2.317-0.0136¢t
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Fig. &. Variation of force constant with dielectric 77
constant. Points above dielectric ccnstant
110 are results for 1 mol dm™3 glycine media.
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'daseggb@d B % Mﬂtmwiala and “bth@ﬁ For nausaﬁ raﬁ&na'&mﬁ
 1¢mb sl cﬁjlu;, G%ﬁaul&?vﬂ Wﬁbiiifﬁﬁ gave a valuv

Tof 1:11 & 0,09 mffm/w:m

'ng h m$he Llwu;ﬁw qu@ﬁedﬁ

-whiah wa in "Qod ayxeamﬂut
Mn‘thm mm&awntugé (Seaman iﬂﬁ%}




“'{'{T*‘Smﬁf - 8 3

" The imterpretation of yp@rlmen tal results nmeagmagﬁﬁy
 $&11@$ on mﬂk&mﬁ aasumptimmﬁ about the test systems
u&@d. xﬁ the imvegtigaaiﬁma xapﬁwr@ﬁ heve thﬂﬁ@ are a
number of &aaump%iﬂns involved, those arising out of
&hp&?iMCﬁL&l measurements and those @&ﬁump?ions inherant,
+ in any theoretical ¢ 1eaameﬁa¢» In any work involving the
 measurement of ﬁﬁy@ieanahemical pavameters,. am'whvimmg
"%mgia auﬁum@@mmﬂ is the puxity of the chwmieal used,
if,&@n@rully one hag &m waly on the manuaaaﬁu?@rs, th@“?lzﬁxj ‘

'R0 weason Lo %&3&@&& that they gve unt%uahwmﬁ&hy. ?uw&%@ﬂ; B
'.fmq the case of the giyaimﬁ ﬂ@M@ﬂﬂﬂd @b&ﬂiﬂﬂd thxaugh .
@igma dielaetric mmasuxam9mﬁ$ were cay rried out not only
. upon the c@mpmumd &n purahas&d but also on puriﬁi&& éh&mﬁ"
| deal, the ﬁly@ﬁm@ h&vmng been re~preclpicated in alaahwl |
l(ﬁyman &nﬁ MﬁMQ&I&H 1@53) before b@imgadisﬁaivad 1ﬁ
v;_diﬁaiilad w&t&r. Mo difference outslde experimental

Cew TROE was %awm baﬁw&@m tha treaﬁw& gﬁy&ime and the

| cmmmesaﬁally available compound.,

| Thm theee magmﬁ as&umpti@ﬂm of the ﬁh@mra&ical
treatment of cell aﬂha&ivauaa& as measuved by thucnumtae

B v@scametex& are fm} the cells aw spheroldal, (11) &%m

;3&&@@@&@0&3 are mmn@dispQV&aﬁ {&ii} the. omlls have a

densitcy inappreciably dif ?@renﬁ from Lhaﬁ of thg
L$u3p@nsian*mmdium; Optical miaxasampy has been used to
:pmﬁvida information on the va?iﬁxay of these assunptions.

1 Examination of the eells by ph&%@ contrast mlcroscopy

~ {see Rﬂﬁmltﬁ) indlcated that g@mafalxy the ealﬁ& appa&xaﬁ



‘j%Mﬂﬁtb amﬁ aph&xmi@ai;aufahe:@ 3ﬁvwﬂﬂ af’magni iaai?mn,
‘;'mmttha “ixau'aasumpalﬂn apmaars ¢o ha.mﬁ&*_ ”ho ﬁacmmé_,~°'vjc
'ﬂsaumptimn that. ﬁha auﬁpamsl@nﬁ cmmai&&w of single.. ETR
. ,pﬁ?ﬁigl@ﬁ}@ tha‘aama sxva can hﬁ h@”ﬂﬁ out hy ihi;i&gi7ffﬁ¥
| ;{;y#amdaxd errors of the' pa?t cle. sm*ﬁ, whilsi @hsﬂﬁvwﬁiwn“55;ﬁ
~f.mh0w {see R&gulaﬁﬁ ¢hat at 1aa@@ 9@% &1 th@ &mtal qu%iai“

‘ p&xtiml@ amunt waulﬂ he. made up of ﬁim&la c@11$.,ﬂ_;
1“ ;yaVﬁ3¢1@ ﬂamamty na L&%ﬁud aafde ib@d in ?he méﬁﬂﬁ?? .

' and from ?h@ obs @mvatiang ‘made the. @héwﬁ as gumptwwn'"*'

 *v&n also. b@ aa&ﬁ hﬁ hav@ b?ﬁﬂ weg, - A f@uv%h‘ umpfimm g
- dmplicit in thtgﬂwvalﬂpmmnt of tha &hwary of . 1?&191&
 floceulation by Guwais and Hocking (10703 is ahat &h@

*,'”‘Lparglalaﬁ (0@113} are. albntfiaaﬁij mﬁu&?ﬂl Pﬁ that

"ﬁ;ma ﬂp@fﬁ?l@%ﬁ&(ﬁmﬁﬁﬁﬁﬁutﬂﬁiﬁ pmtﬁntiaT mn@xgy hax?i@w

’axi&taﬁ,

jTh?m was ‘tested by G&l?*@l@ﬁ&ﬁﬁyhﬂ?ﬁsi& ﬂﬂ@
the rasu?hﬁ for ae?l ﬁu%p@n$Lﬂﬁ5&f both i*ﬂay ﬁéﬂf&i‘

A*f?w@ﬁiﬂa and Jmﬁ&y Iimb bud timau@ lndiemta an dppﬂ&@i&bl@
| *ﬁ&La ‘potent iﬁlo Elnce this. is gvﬁﬂama@ of an. Ql@ct?iv eh&/we
on the cell surface app@axﬁ th&g this fﬂurth agamm@&mﬁﬁ}
Egcannmr ba met, ﬁﬁﬁ@??ﬂ the . asgumptimm of alachmﬁca? L
nau&ralﬁay is mma & nacesaaﬂy mm@, RA bm.ﬂg maﬁ@ fmr
ease of m@mpui&%imm {Qu?%iu l@@@}, shmuWh Lha wiiﬂ??ﬁ&ﬁ
becomes. more complex wh@m &h@ ‘particles do gm&s&sgiau-

 a1ech%c chazga. Th@~pwdhl@ma that @his,imtrﬁﬂudéd.?ﬂ° iq'_&
inte the trestment are deslt with later, ’whilv ie WGﬁlﬂ:f;{,'h
seem thatithe majmw ag aumptian& made in app} Lying the. ’

;?hewxaaima? Lrestment to tha &hﬁmﬁ%M@ﬂ&ﬂl ﬁa&ul& are

‘uliliﬁmﬂ in this system, it is @& @m&iaﬁ ta ava?maﬁﬂ "




&h@ xél&v&ﬂﬁ%rmf the Lhm@ratleﬁ& &?ﬁﬁwﬁﬁﬁ. This reguives
»3jﬁh%ﬁ'th@ vesulis be showa £0 be conglsteat with the -
uvhéavy. ‘&a all ag grﬁg&tﬁmna, pﬂﬂ el of ﬁmmootiagﬁ%n*a
time were lmm& Qi which shmws ah&@ the aggregations :
ﬁ@llmw@d th@ kaﬁ@ti@& p?ﬂﬂiﬂﬁhﬁ Ly @@uﬁﬁgﬁﬁ {3, camLLfmlﬁ?
the vse of the @ﬁwa don for this system, @
. In the @K@@ ﬁm&nﬁal m@mauWem@ﬂt of ﬂi@i&@&ﬁiﬁ
J  %@ﬁut@ﬂﬁ8, e m@ﬂm mﬂ@umppiwn@ noed be made,. mlm?a
ffgaF the app&ﬁétm&, and the demonstwation of the validit
 *@L the wneas uw;mg pﬁﬂﬁ@ﬁuﬁﬂ by mh& ?mamlﬁg aht@im&& ﬁm E

:Qhﬂﬁlf&lﬁ of: Enmwﬁ.ﬁﬁalacﬁWim gmﬂ%ﬁamgﬁ i aufﬁic&ﬁma
g ¢ pﬁ@ﬁlet Lhaa ha ﬁxpaximantaiﬁy ubg@"ved.@aﬁwnm$vaw

ﬁﬁﬂﬁ?aﬂ? of qamw @&hﬁ” ammpaund w?i& aﬁﬁm %@ cuwmaa?
Two. aa&umg&éam& a i mﬂd&,&m amlw@ama am Lhﬁ rhﬁwﬁaﬁa@a?
f'mumnin?-@f the die ¥w&&wz €O mstﬁﬂvg ﬁb&ﬁzn@d (i} the
}ilkvalmw of dm@?&n?mia cﬁnatan&g mﬁaaurpﬂ for bmln&imﬂ ag

low donic ¢ ‘“E@ﬂ?ﬁh (GQH@&@&%VL@?} will be the same at
;*hﬁgh&r 30&@@ &vﬁmg&h& (wmnﬁwar&vﬁ&y} {ii} nhw “@dma
‘*Qh@ @%uﬁi to th&“ at &@ﬁﬂ frmqu@may, fi,e. no dxwlom&ﬁﬂc>
'7ﬁfd§$p@xgiﬁu Wk?i @aaug in the &ﬁ@ﬁﬂﬁﬁﬁj h&&&@ &HQ )
”h@ ﬁa@@?¥&% and M@?ﬁﬁ@ﬂg

:‘? MMH3* ,,,,, Hor ﬁﬁ&ﬁﬁmw ‘Blven in«
“{Jﬁ i6 not poss mhi& as yet &@ mgasue dﬁwmﬂtiy the
idi@l@&tfﬁ@ mmm"

wm?“ of. smlutiamh of h@WE pﬁamii@i‘

““%emﬂduatxvi&maazn’a c@mp%ﬁmiﬁﬁ, used in this study, 18 -

|0 measure. ﬂAylyaﬁm@ in diuﬁilﬁﬂﬁ water, or bettey |
’iﬁ“an agqueo | Eu&imm @f &ppf&@l&hl@ @@ﬂdﬁ&&?vity and

¢im§iax gw ﬁhaﬁ

L, .8t a pH valﬁ%h of ﬁh@ f

Wit auap&msﬁﬂn m@ﬂsa.z,
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in order to see whather amy'ww@ﬁ@&iahlw mhaag@ in the
measured die l@ﬁ&?@@ constant could be detected with
iner@asing L@&ic n@mdmeﬁxviuy, values were taken ovew

as wide a range of eonductivity as the appaf@?us would
‘YﬂllﬁW. 1t 48 of intevest to note that in the case of
05 mel.d@.B glyeine for example, no. m@pulam Gh&ﬁﬂb in
 the valus of 98,6 for the dielectvic &@ﬁﬂtaﬁt at ﬁ@@kﬁg
~can be seen, outside experimental variance e, ave a ?&ﬁ%
of ﬁwwcifﬁc @@ﬁdﬁ@ lvitimﬁ covening < 10 = 1@ -
>1.25 2 1@w mhm 1 m~L,  This resuls 1&@@ supﬁafm fox
the f%rgb @sammptm@n, but In aﬁm&%mn it mus St b, amwmbpaad
that the mazimum yalue of 2 = 1@“2 S iw'f*,at wha@h
the dial@@ﬁwie pmn@tﬂna was measured is n&mxly a fackor
10% l@W@w than the amomifiv cﬂwduc mwiay of the m@d?a 5
© met with in cell ag gragaaien and wlma@ﬁmphatatlm studies,
“The: value. For Hanlks-199 medium belng 8 ® 107 -1 olm” -1 uz?};ﬁr N
 8E:2.59C. nasted et al. (1948) have simdied the dieleetric
" properties of aqueous ieonlc solutloms, they have showa
- that in wﬂluLiGﬂ ewﬁcentxaaiana ho&aw 2 mol dm.3-NaG?
a 1iﬂaam di@%wctmge dnpw@uﬁimm ig found with cmnaan&ﬁaaimﬂ.
- This ‘dlal@a*ﬂia dagr&aaiam is gm&a&@x ag highaﬁ &ampﬁxauu
PR at temperatuves approaching 09¢ ?h depression is of &h&j o
e order .of only 107 for 0,66 wmol dm™> WaCl, the depression - . -
a : ﬁmﬁA@hia eaﬁ@tﬂ?r&@%wﬁ of NaCl at 40°C. bming approzima?elyiQ};!5
‘\?0%;* The phys&almg&cal Gﬁiﬂt%ﬁﬁ* used im_ti@au@~mu1gu$§» P
'“Lamhmiquwa are genevally made up o an @mnic aﬁr@mgﬁhf
 approximating 0.15 mol dm~3 NaCl, and this waslalso the
-@@a@ in the media used in this investipation, Th&m yelek/ m@,%;




'é‘fesgw“-?hsﬁ'* with the cholee of Low tempera a:um-g was: thought
&0 be ancuh. rs*:a.mmm‘* Lt ,.é;s,l évﬁlﬁ@-ma:- to assuwe that
o '},éﬁ:iagr réduct Lon 4 i ielectric condtant ag §jﬂ’25f€§iﬁ3.€§§§li’ﬁ§%i

fonic streng ifi“ﬂ‘”j would only hf:a -vr:a-?*"‘*‘izaﬁ owder of »;*;:L&" fow ;
p :;'_:‘W??:@f‘?tl’é. At 1MoBi, mmpama}‘ o that meas suzed at Low lonic:
'-e,:aﬂm%tas on the wadic frequency- bridge, It may also |

o ber :,;m ‘that m;mm tha fonic aswaﬂ. Eha of 4 Zw e:wapf:ax:ié’mmmﬁ

- cdue to u;am.e; Mnmfmé::@mﬂm wwi«ﬁ he slmilgy in boih
mmlm, i.hus:; maim,ﬂmﬁq,mg &.1% »:%31%*'»,@' renee Lo e::"i:? @1@%@*’"}1"&@

o V;&m‘n:si«mai, b@&ﬁ:’s::fwm’a baih wadia, E‘wmﬁ g o the Sw(‘ﬂﬂﬁ

nammag; plon, oW HM&&’ wal Ldiw m: salg‘h quamzwy s.:.zmmzx:*azmﬁmw .

‘ 1t ‘hm bheen wh(?f“?ﬂ by "s’;'mmg, amé’ é,smm“ {1 %u}) that fox -

wi.wmea and di glyeine a samgﬁ,le;_ a.&m&ﬁ on kime aw:amupt' Lo

s COYTECT ‘mwy have aes s‘mmfi the dielect el lmmmm O]

of gl ya,.hm aunsd aﬁ.@f ,,.yumw ”@1&%‘;1@&‘1 ata f requency of -

‘3”1@4 and - Found thaese o be m gond «W."@cmmus* with the

w?.t&m -deaduf &d ?fay -@fs:%:mpmmm o -fromn dmﬁm@wh wavelengihs.
A a}mt rle mhmm;*ﬁ on time would allow for only a small.

. incwe ase in dlalectrie -conetant with approach o ze o

e Fragien 633?’,‘ o fhzmm@l% mw qmwc:f an Inereased die Llectwle
Lne: rement of ?bﬂf} @t 100k, 3 o 2545 9 at ?L.,ﬁzg Ffor o Al m&hm
at_20°C. As for %:aw ‘other mmpmmd studied here, 0o

data appears to be available for the varlaiion of diel c»a;é,ma:
conptant with fredqueney, it was iacﬁmﬂ Love dali s,,éz},'i.y assuied
that sidce noe app ceelable change 1n ihe mca&m:wmfi dielectri
'ezm’m‘i;mm ocourrad with :ﬁ&i‘ﬁaﬁm@ﬁm? (see Rewulis) over the
EANge mea wsured { LODNH 3 Lﬁ’fb 1Ms) s no @::'iamg&,a ascm‘rmi ar

and cazmwaﬂ m@d'i’,m‘uze:m wade mqum s any ﬂwlenawm@ dcffwmém;‘émem g
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£ wequemcias b@tww ﬂﬁkﬁg., ?ﬁis polat will be fucthes
“discussed below. A | ,
~ Considerable cove has been taken during the eourse
of this wa“k to ensure that the cell auspenﬁians usad
far;GKPGW¢m@nu had been pweparad and treated in an
identical maﬂnér.,'in this way'iﬁ was hoped that out of
the total mams_sﬁfealls originally excised from the
ambryonile giésna;;the final yield would conelst Qf a eell
pﬂpulaﬁi@n wiih ﬁiﬁilar pgmpafﬁiaﬁ o thatwﬁf"sallg
haxvested from the same clssue in some pyaviou“ expeviment,

evam&i cell &yges ﬂm exiet in both the tissues usad, and
Af

’H

great dl”ﬁbgﬁnwu& were to be found in the poxpoga Rsiéle
£ these types from one expumimmn& o Lhﬁ next, then
amn&is&aat meaningful resulis would be hard to obtain,

<
L
#:

'mupacxally 1€ the cell typas n&@pwm to show di«ﬂérﬁmﬁ
adhesive @b&lit%&a. ~ Although conglateney of aal L population
caunot be shown ﬁigacniy, Lt can be inferved from am h

. examination of the Qﬂ]liﬂ&@ﬁ-&aﬂl%i@ﬂﬂﬁ@ of the cells

+aggregated in ¢he control mm&x&, and alﬁg in the electyo-

pha’h“ﬁc mmbxl&ty values Qv’theﬁﬁ mmmfru&s. The genewally .

low ¢ Laﬁﬁar& ﬁfﬂﬁﬁa quoted in the Results wau]ﬂ'vwémrta
_imdl¢aﬁa Lh&t‘a@ least as faw ag ﬁh@mm @wa pavameters ave
’fkmmhcarn@d,”ﬁﬁé'aemmﬁ obtained for separate experimenis
appear vmry ahﬁﬁla& in natamg ?ﬂmn one pmaparatﬁma'ﬁo
‘ :ﬁﬁQLhQL. ik ha ‘been previou ly nhmdn (m@aultﬁ} that -
ierollﬂ kaept i1 1.0 mml “d” *3. slyeine madia and the cuntrwi

f@ﬁiapgeafaﬁ Le;havg_lwwkviabmlity a8 L@aﬁad<by-p1atlmg-@ua




) ,‘“@3@31'1&,.1*@:&_ am’i m.@@mmam:&l m@dims ma mmﬁmﬁ BELOLS mm
' ',‘g,.sf:em:m.. tlmn ﬁ%mmazi , all of whi ﬁh m LOWE. some dcaubs: on’

. msﬁ/ o aamswrmi— vy convoluted :3‘;;*9:&” ng:sim se *é:m:ﬁ*mi 8t

mm::mfsmpy,, W.zmé;e@ Loy of iﬂm mmm was mm. thought:

: _wmufm,,s,» off viabi ‘Hw, :fsm vwbnsw
B W&%w high iw ﬁm:m@w v:s,, ;m@u“ dm;;w mmmmm ving medium,

AL f*hmxgh ﬁ,m, mm ‘ﬁ:& m” f'&%ll :z gjzgm ,wm.s:m mﬁax lmenis

uging this mm:‘iﬁ 'utm aré inel udnd,, me'&y my l:ug rat hex -

to acoount: "*"::::nm' wiw_

inaceurate, fﬂw ess::;ulf;:es show ﬁfi;a‘é‘; the - m‘i i‘imw i.e:m a,f‘*?‘é; ,«a:w. @6
for the control: *mqﬁmx of 1.0'mal ﬁm "3 ga.lgm:me are als
mmmxmm i ““ﬁ;..w feom the wwm@ values cshm:s,,fmﬁ

baing a ‘i:i.i:‘a?;m ma&wﬁ in the casa «fmﬁsﬁ}? ﬂaum %. reiing
and lower in F-day. mﬁb bud, - Fow h«}‘e}h aell t*ypea ,' in

the. zwwulm e:abmmmz with this mgg‘mg shlon mr;bdim ﬁmﬂ mm A

‘ _\ﬂ;mm‘?@l.v{: & 18 ﬁﬁwmd chat mwa a*cwaml%*ﬁ be ig&m ced -
 when considerin wgg Li*w @i f*m:i, of dlelect: :%..tz oons t:’m%: on |
| cell adhesion, - - Ry , : (_
‘ - The Fi gmm 5 s&‘iﬁm,ned fm': ﬁ.ﬁ»@wcm"ﬁ mmmmm mé’i‘é@?’«‘,’%??y;i
'ﬁgm@ wall v&‘imé ‘the w.a.n&:v_ugs of mﬁsm@: wmka  The ”

dielsctric .Lsmi“mmm .izm’gﬁlw ae, q&mi*m? as. %.&3 5%

"‘5’(" by Young | {1%?) and 23.6 av 2,59 bj‘ ’{S‘j«ﬁﬂ@ﬁ m‘m
M@M@@Zﬁmx (1.933) f*m:npmmd ﬁwmwwh vy with *é:'i:aai; -ﬁ%mgm@d
;"ffi oM mm ‘&@‘V‘Qﬁkmﬁé’ﬁ%i one . The vﬂu@w obtained for glyeine
| at :’3. o0 M‘J L *:ramh in the Nocatetalcl 29,1 to 2445 ;:ﬁ;gai%ﬁmm s*:’si'
| ‘m@,mmrmumm £ *&qmmry ﬁ‘m{ ;fﬁ%, . gimllar with di g:i_yéma% the

 values obtained. ai- 2 590 vary from 80,1 to 80.75 vm&gawwﬁ
: mt‘h values of «3&.?& + 5% and 800 quoted. by Young and
" Grant” {1%@). . ‘w*ﬁ.ﬁwim was not Zm.‘:mm*@d L wwm £o
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kdimlmctrie mm&&uxam&na, as at“wﬂ 7,45 the comﬁuetkvmay Wt
iﬁ@a&m@ oo high o &atlafaatﬂxy e ﬁuwemant to be maﬁ@. ”555
Wﬁ §h£$ discwepaﬁef was not thmugh* to be $Lgnificama ag - |
_the addition of buffer
Vfimada Lnﬁign& ieamﬁ ahang&s 1n &hw diml@ct*icfc@n atant
;j;valuwa measured, though ic

}Lfth@ ul&h rmﬂ 1y¢¢mc 3hww;

.;aay bu m@niﬁed that these
valuaq do ﬁa@m to deop vary slightiy,‘ ﬁh@nh@r or not k
;ﬁhi& Lg a prmpew&g of the buffmring &&anﬁ triethanolaming :
13 not comhaxn, the quasﬁimn wag not ﬁﬁ%iﬂﬂhlﬁ mv&&gugatwé
as th@.cﬁang@‘ in éial&atxma;ﬁ@ﬂ%‘an& wag too slight

eauaﬁ emnmaﬁé.. Fﬁaﬁuvammutﬁ ﬁn mquﬁwuﬁ gmluLimn@ of D
gorbliol gave values of ﬁlalﬁe&*iu conatant similar Go
water at ﬁh&@ ﬁamp@*ahura. Th@ result 2 shows values for |
~a 5% w/v sakutiaw @% amrbiﬁmi buad f&waﬁ ‘to pH 7.45. ”hiﬁ;»v}f;}J
solution wasg a fam highﬁw weight/vmlum& concentratlon *hdﬁﬁ”
that used for mﬁklmﬁ up ‘the cﬁntﬁml media (aa 1.5% w[v}
and was used to exag &a"&&ﬁ any dielectric &ﬁfaca. Ovex
the frequency range covered the results show that Desorbi ﬁ1;7
has no dielectwic innyam&nh of measuwrable significance.
Though no values for D-sorbltol could be found afier a :
‘gearch of th@ ii&@xauu?@, thig rasult could be @%@uﬂﬁad
:fgﬁm a kﬂﬂﬂl%ﬂ”@ of the struecturs of the B»sarbitwi mmi&gm1&.*
L.i& is a lineav molecule ahta&u@d by a f@dﬂﬂ&3ﬂﬁ of &1%@@ |
ij | ;'th@'ﬁmmmulﬁ is Cg Hyy ﬁ@rgivimg a mwl@aulax;geighg off
e 182,17, This cempound does not lonise in water, having
" a pH appronimating 7 and»a@ optical rotation Bkjjgzﬂsz.ﬁ
(Mexek Index). . The molecule is therefore not completaly
wymmarzieaﬁ and thus will have a p@ﬁmﬂﬁ@ﬂt dipole therefove -
) :&m aqma@us @aﬁﬂ&ﬂwm of sorbitol may tend ta reduce the
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dielectric constant below that of water in the same
mannery as sucrose (Pethica 1961) though not so effectively.
A veny sligﬁﬁ-xedu@timn in dielectvic constant from the
value of 87 for water wmay possibly be discerned at a
fﬁ@qgeﬁéy off 100kHy, however this value is not outside
experimental variance so the difference wust not be
stressed. What is evident is that the dlelectyric constomt
of D-soxrbitol solutions ave not lancreased above that of
water. At frequencies approaching the stavle frequency
the values wlll either remain similar to that of watewn,

or 1 dielectric dispersion hag ocourred in the frequency
range between statle and 100kH,, fall slightly to a lowes
value than that of pure water. The low molecular welght
of Desorbitol musct argue against the latter possidility.
Tlgures ave also glven in the wesulis sectlon for the
diclectric constants For Dextran (mol wt 15-20,000) and
fieoll (mol wt 400,000) solutions. Broadly the two
compounds exhibit cimilar behaviouwr with respect to
concentration and weasurement frequency. BRoth compounds
ghow a decreased dielectric constant compaved to puie
water, dentvan appearving more effective than Plcoll,

Also in both cases, this decvease in dieclectric comstant
is velated to concentration, the higher the concentratlon
the lower the dielectvic constaunt. DBoth compounds appean
0 be unaffected by changes in measurement fwéquency in
the range 100KMy to 1MHa. TIn the case of Flcoll the wholae
vange of values Fall only very slightly below that of
water and may unot be slgoliicant while dextwan may be



lﬁigmificmnt. The same geneval conclusion can. LRGEQLQSQ -
be made mdﬂa@rmiﬁﬁ dextran Eicmii and u% shitol ﬁmimbxﬁ ;*-

thae at frequencies at oy b&LQW'?M@n, at the vonnﬁﬁtra zg:f

used here, the dielectric congtants wlll remain @mmila&A,"“"'

ptdfﬁh&ﬁ'uﬁrwa&u&. Dextren and ﬁaaoli mava rathax Bied
mh@ﬁcﬂlmw welphits however, and it i ﬁ@sqibla Lhn&
dielectric ﬂi&p@ﬁ@imm:may have ﬂﬁ?ﬁa?&ﬂ below. thc 2iirﬂ'
ihgrtm range of mc@sualng ckequenﬁswb. melcnt“lc
| @aup@raﬁmﬁ @muur& when a- m@i@culﬁ is no Tonger able to
ogeillaie with the frequency of an applied a.c. elecivic
 field, 1f the wmolecule ls too lawge, Lt may lag Dehind.
the applicd fleld in Llts orientation, the highew the
lfwéquency off the a.e. field h&_mmx@~1ika3y'tﬁiﬂ ie & _
ocour. -TﬁiﬁVﬁiép@w sfon leads to a ?wwﬁﬁlmw of the vmiu@
measured fox AQ&@&&K&Q conseama gince maieculeu not in
@has@*ﬁiﬁh\th@uaypimad Field wil L ot veglster.a ﬂ@%@l@t&>
dlclectric affect. Thus Ffor maﬁﬁcul as of lighimolecular
vweight 1t cammot he simply cmnaludmﬂ that the dielectric
- congtait measured at kiloherts freduencies ls the same as
would bBe obg d&ﬁ&d at low frequencles &@paudﬂhing the statice,
as tacitly ase suned earlier in the Disc sﬁwn on the.

second assumptlﬁn cﬂﬂcaxnia ¢he validicy Gf dielectric
maa&uxemﬂa&a, L€ a dispersion had ocedrred below zadio
frequencies then &fmamﬁlbly large static value for the
dlelectric ﬁ@ﬁﬁﬁ&ﬂt would not be recorded at Rilcoheris
‘measuring frequencies. Two items can be Ingroduced to

. Bupport the belief chat diclectwic di peraion doas nob
 ocour even iun the f?cgll golucions of mal@culgr wailght



400,000, Schwan (1963) hﬁb &“bulﬂtﬁd the freguencles
':Of7mﬂ§ﬁ?*ﬁiﬁ@ﬁ£$i&&"&ﬁd 1t 18 chowa that for protein

i wamd othey wacronelecula aus@@aﬁiﬁmﬁ, FELe ﬁi&p&xaiﬁﬁl“

acours ‘below £ qu@mgiaﬁ-of 3 = 10 Mﬁ%. Tt is algo

BLat ad that whene %i§gm~ﬁmﬁﬁ dmmw ROt peeur, the
eanﬂuctauc@ of any solution w&él' pemala at & low Level.
Gaumua@;vmay ia a ﬁlaniricaﬁ fﬂ&&@w in the meagurement -
af dieleactric ﬁﬁﬁ cant. I we congider a pawvallel ?E&ﬁé'
‘75@ondums 2 millmd whth a wedium of given dielectric constant _;j
and conductivity, k.. the QQLLVmgﬁﬂt shunt xe sistance 1o o
glvwn hy, (Eusail and Wyman 1958) ., |
'kﬂharp d ia elea xmdg aapauahlmﬂ dﬂd A vhels ﬂﬁea. At
f&bw samm tﬁm@ the ampacgﬁauca, @ is glven by |

Lo he | :

by @liminacing Afd between these two equatioas

FEETRC S (31)

- Thus ifuia??ﬁ‘mmlﬁﬂulﬁﬂ do 1a& h@hiad,ma an, appl&ad
7j;”§w1d the eff 0¢@ wuul show up in ihe- measurement s a.
ﬁfcmmdmarivi?v cffact, Gnnaaally & Qﬁﬂﬂ&ﬂ&iﬂi&y fhamg
of at least two oxders of mmgnﬁtmda omw1d hm ewpac&cd



(Schwan 1963&. Nw such effect was evew seen. in the -
_,%nveﬁaigatlmm¢ bm& @Kamyl&, a glyeine mlumlmm.maa@ |
iup Lo a Qpaaﬁfiﬁ g@ﬂducamvltv of 61,3 = 1070 ahm”1 o
f&avn a mﬂasu?$d bﬁiﬁgﬂ Maadiug for @@nduatanoo of ld}?
'“x 1076 mhm at an electrode separaiion of 3.@ . a

;%mﬁla?lv a 5% @ia@?? an]urion with a ﬁpaaffie canﬁva?&vz&y

a? 67.@ pd 10“4 mhm -1 m -1 gave a ~aaﬁlng of ]J88 o 1@“6

_ ohm™ L on the meaguring bridge. ah@ vaﬁuma ‘can be f

,”cmn 3dered equal if the slight ﬂi&ﬁwr@mmw in Spé"ifk

| aonﬂuctﬁvity is tak@n into aceﬁunﬁ. Tﬁ"iﬁ knamn( e@
x,}abvva) that, glyc ﬁﬁ shmwj no dlmpwrsimn aﬁ th@&& frant

'quwueimﬂ, and a& nm anaﬁnlwuﬁ cwnﬂuc?ivify ef xoat can. -
1f'be nokwd rﬁr Lh@ Fiﬁall smlu*lan undm th@ same omndzﬁiﬁn )

:ﬁf mpasurﬁmamt, it can be aa&tmwd that mm diﬁlchria (

V}diaporaJam iu.wmkmly € hdva necurr@d.; it “ean b@ said
_xfﬁhat 41? the dlﬁlact‘ic cmnﬁtamu valvas me&sured in this
nﬁgaaudy at fr@qu&naﬁﬁ b@t%ﬁun lmﬁkﬂn amd,1WH3 can be o

fextwapaiased bac& &@ n a?atic vaquancv value with awﬁa |
 fc0nwid@n¢e.~ Thn spﬂeﬂfic rotatlon of Ficoll is [bC]g =

f% 5645 (Phasm&cia Mtd.) so that. hh@ gmtymmrxsgd sueros

hhauﬁh containing no imnmaad gronps is not symm&twlcaﬁ

and some permanent dipole will @ﬁﬂabo Dextxan with a

zotation [oJp @ + 199 will also have a dipole. As
',wiﬁh‘ﬁws@fhitmliamd suerose this dipole woment will hﬁV@i“

ﬁhé“afﬁeét of lowewing the d!al&gv rie cwnutanv 0? aguoeot

”eluﬁiaﬁ”'b 1mw tha& of PULE WAEEE, pm&ﬂib?y b@oausa the

dipole mmmaat pex wndt volume will be Lower tham ?ha |
A 9a Wﬂf@& (D A. Je Lawxam&aagmd.9&§;Gawd,mgzgvaﬁ




@ﬂmmun&maxsam ). “The pgmﬁamaa of thie asynmetyy may D
_;@mglain &h@ slight x@duca&wn of the diulmct&ic nanatana N
"5waan in: &quauu% %mluﬁimﬂg ah desttran and Qiew1l (R@auiz 1) |
iﬁ none of the @@mpmuméﬁ 3&&&&@& ancepd ¢ ?yaime aund
diglycina ware. h@x@ Qba@rved am ﬁﬁm ease in dielectric
'cmmﬁaaﬂ? ah@vg ¢hat of watev, | o ‘
Faiiaah et a? (1963) have a&@w studied the dielectvic
?prapa riples m? @@mwr@m and ?iaall sﬁiuaﬁmns, and theis |
| Findings ave in vwm@l@&@ amn&radim&fwﬁ to those given
 ih@w@, ghuﬂy&m“jtqngens pakm& er golutions adjusted Lo ROy
CpH 7,45, they weport dislectric. lmvwgm@ﬂmg foi riani and -
)_d@xﬁaan of 14,70 and &@ 45 ﬁﬁ&ﬁ@@t v“ﬁy at 2”08 f;ww
ﬁ&mlihamg “the f&aur,a of Pollack @ﬁ al., the 5% w/v Pleoll

solution should give a dielectric constant vaime off 152
at this ¢ @mpgwaaaﬁa, while §W ﬂe%w S8 would ‘have a value
»”'?@@;?3; AL the lowery L@mpﬁ ‘;nxaﬁ used imr meas mx@mﬂn& E=h
in this studyly the ﬁ&elactxia comstants &hauid have evém -
hiﬁh&ﬁ Vﬁlﬁhu«$ o mimgle Qﬁﬁlﬂﬂ&m%@ﬁ &mnAba glven for these

}di@cxa?amciaa im the wesults, Pollaclk et &1.'ﬁ$5d'&ﬁm&&$%?* .

ing Fraqawnay @? lﬁﬂkﬁ%g a f?mﬁwamay also used in &hir
fmmv&stm@&ﬁmmm, B0 w“@quwmay ﬁ@p@%ﬁ&ﬁt ﬁfﬁ&&tﬁ sueh a
4di@1ﬁ&$%iﬁ dm&g&.samﬂ would not provide a salu&&mn.
fTha mmlmmuiaﬁ wgiWhu of &h@»da dbwan ased by P@llmck et al.
18 not w&pmx&eﬁ. bue it is unlikwiy that: it wmu?ﬁ be mmeh
‘LQW@?, if at all, than that of the ﬂ@ﬁ&ﬁ&m uw@d in this
wLudy. Th@rmalwa@ ar walght oE. Feoll qumtcd by ?m?ia@k
et aﬁ._ma 1&@,&&%, howevei Ph&fmaaia @%@ﬂuca FLQ@E&
_,‘ar a mﬁlwumw wal Loht of é(ﬁ&} G@ﬁ, and as far as could

. b@ 9&&hmm&d, rhﬁ& Was. ﬁha mnly cype they gvadmam¢f=im
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Pollack et al. obtained Picoll at a molecular weight
of 100,000, Lt would have much the same properties as
that of a ﬁ@l@culax‘waight of 400,000, for veasons
discugssed earlier, at measuring frequencies in the
kilohertz band, When at first no dielectric increments
could be obtained, other lot numbers of the different
polymers were tested, as Pollack et al. states that
cvnsidexable‘ﬁafiatimn was found between diffeiring lots
with rvespect to dlelectric increment., Three other dextwan
lots and one other Ficoll lot were tested but in no case
could there be recorded any dielectrle increment of the
tyﬁe indicated by leiack et al (1965),

it seems that the only explanation for the widely
di&faylmg resulis can come from the measurement techniques,
which differ in the two studies. 'The electrode distance
variation technique used in this study is consideved to be
very accurate (Schwan 1963). However a constancy of
p@larisatién impedence is necessawry as the electyrode
apaaimg isg varied. In pxaeuic@ it ig desivable to follow
the ahanga in electvode position by a veturn to the original
position, in order to check the oz riginal total impedence
veading. The eRGeNE to whimh ghie can be successiully
achieved reflects on the constaney of the polarisation
impedence and hence on the accuracy of the technique,
This simple cheek was always carried out and (as can be
seen for the case of a typlecal dielectric estiwmation,
table (6) ) constancy of the results was always obtained.




(f,AS:z,‘i

t:%Th@"ﬁubﬁFituti;%fa&@hﬁlﬂﬁ@ uﬂad hy PmllaakA@t al.@(lﬁﬁﬁﬁfffﬂ
| ona _ ‘ cessful if L{m*glamentw which' give rms@”
‘oﬁ suffici&m ly 1@w voluma aamca%&xa@imm o maduae &h@

o shadmw?@ffﬁmm tm an insignifiaamL laval, or . iﬁ thﬂg s
‘ ?¢¥mmt pw@ iblé; Lo’ pwmvid@ Ew& this effact f’hwh@ valde&y m&g~p

=dancm prmpewmi@; (&.a. pmlymarw) &KP ,3

_muumpaian ‘that the pmiaxiaaﬁlan

aith@ aachniqu& ia b&ﬁed on’ vh;f
}lmgvdmnc& analvaﬁ wjth the mmamuramants af pmlymer mampleﬂ;i

and with: aomtaar Fluld almma axmﬁﬁ@niieai.' In many
(.”?*caseﬁ this is 'ema@ntzally true, h“t in mthavq 1t'may not’ W
'y,Q?;be ao, ag ahﬁwn hy mh@ imvvatigatxﬂnﬁ aﬁnducteﬂ by ﬁathwaliij:
I:“&ﬂd ﬁchwan (unﬁubliﬁhad but diﬁau@m@d in. Sahwan 196 3y s
*ngmar c@ndu@ama - uwh as: aalls and p@lymmrﬁ can efﬁaativaly

;areduc@ ﬁha alwc@xﬁﬁa are& which th@ cuxrﬁnt weaches. ,,-w,?i;
\’(”shadaw @?facL ) and th@ pmlarisatl@m impedence is |

Wfﬁiacrmas@ﬁ because it is 1nva?&w1y pkﬂp@ltiﬂﬁ&l ‘to the. tﬁmai
| f re1eat?0du area veached by the current. Preparation of
"'jgfplatmnum aiactrmdwﬁ, used by Pollack et al., can. also h@v@

as yet unmxplain@d @fﬁacr with valum@ concentration

- “(wchw&n 1963). The presunqe of this effect in the woik

-----

 of Puxlack et al, wauld accaunt fmr the @xeﬂllant valu@

'11$t@d fox glyain@, water and’ &Lhanal, whila giviug ‘

anwmaleug quulhw concerning ?h@ di@l@aaric 1ncfamanﬁa of fﬁ

“the pm1ymgﬁ EﬁV@wbi&&t?d- - N : e

L Brooks et al.- (1967) 1@md ’upﬁﬁr? to. théﬁvalu@ of

fﬂlfﬁﬁ?T‘ﬁhm dielectric increment gar deﬁaﬁ&n ﬂb?ﬂlﬂ@d by Pollack

o et al, (1@63) They weve able e show that ‘correction of
”"?ﬂifﬁfhe @1@eﬁr@phorwuie mobili&y valmm, for wed blamd cmapu@clga,
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for the dielectric constant of dextran obtained by
Pollack et al. gave mobllity values alwost independant
of the dextran comcentration. However, in a later communi-
cation (Brooks 1971) it was weported that the mobility

and zeta potentlal efifects are not due Lo any solution
propevties of dextvan, but to counter-ion exclusion by

the neuival adsorbed polymer layer. To this finding can
be added the observatlon vecorded in this investlgation
into the aggregation behaviour of 7-day neuval vetina cells
in a dextran mediwn. The viaaﬁgity‘cmwm@ct@d value for
the collision efficiency of this cell type is seen to be
significanily lower in dextran medium than in the contwol.
This finding way be explained by an increase in zeta
potenclial, afrer the mechanism proposed by Brooks (1971),
an increase in meta potential will lucrease the vepulsive
potential energy of the cell surface and thus reduce thelr
abllivy to aggresate (Gingell 1971).

Electrophorecic studies of tissue cells were ecavpied
out: ag a part of thiszs study. Howevew, the apparatus for
cell-glectrophoresis did not become avallable uniil the

! latter part of the investigatlion, so the awmounit of study
| lovoived 18 rather more limited than could be hoped.

Ieperiments were carried out to test for the effects of
glycine and diglycine, and the D-gorbitol control media

on both 7-day neural retinma and 5S-day limb bud cell
3

suspensions. Because of Llimited time, only 0.5 wol dm™
glyecine and 0.2 wol dm™> diglycine concentrations were used
these belng thoughi o be the maxinum concentratlions at
which the cells remained viable (see earlier Discussion).
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ﬂmﬂam thﬁ aﬁndirﬁmnﬁ mf maaauw&m&m? us sad iﬂ &h& étudv M
(Natmrxaiﬂ and thhﬁﬂq), it can be seen iwmm ﬁh@ Rﬁ&ﬂl&g_\"
thaa Lha maiaulauwﬂ waka pm&ﬂﬂtzﬁﬁa of J~day limb bud
and iwday naurai @&mna ar@ &imiiam, &huuWh uﬁu&ui ﬁ@&iﬂa
ﬁlﬁuﬂﬂ appa& &0 h@va a %?Lghﬁly &@wow valu@, in a

| sﬁandarﬁ ﬂankawlﬁg medium. As. {3 as can be dé,arm&ﬂ@d,

1o mah@m Waimﬁa"ap@@ax in the Tigen 1%%&& Fér'ahe'm eell
?yﬁ@& im ?h@ cmnﬁﬂﬁxaﬂ@ usad h@?@ but h@ valuaa for |
&mﬁa pﬁL@utﬁai mﬁwﬁﬁ well with other ﬁ%ﬂd&@@ on enbi yan£@ |
lis in.m@%@ mvhixuulal cmudiﬁﬁea&.‘ &olltn& (l?éﬁ) ﬁbt&zm@ﬁ
| aaaa p@t&ﬁt&ais am_ ~12.5 mV and 140 wy for awday rhivn

h@mrn aﬁd Tivey .cﬁllﬁ r&apactlw@iy, with ?wﬂay neural reving
lyi. ﬂﬁ EamQWha?@ b@&wvau rh&s@ vakum&, (@d;euia&ad from hie
3 mmbility measuxem@nﬁﬁ} th aAm_ah@ aah@w m@ﬁia im wiileh '_
R>”3mmaauremﬂnua zﬁmk nlaaa, the ?e “a @ﬁ&@ﬁti&is giva al&gh iy
| ' 131qw@r xaadmuga.‘*@h@ @n}y mbviau“ property held in m@mmwm

~by all Lho&@ madia ig an inar@&sm in che 1@nzc ﬁﬁneﬂg&h
fabmva thaa HE ahw tau&arm Hamk&wtﬂﬁ mmdium. fnar@asﬁd
%imn?m atmengah &hﬂulﬁ iﬂ ﬁhewxy ﬁrmu&@ ah@ ?Qtﬁ pm@a&&&& D
;V&a a d&cgea s in the thiclkiiess of &hm ﬂmubla &ay@r and/mx ',
;by n@u?raiia ﬁ&ﬁtha suffaem chargw wﬁﬁh aahimn@ (Eﬂﬂyﬁ @%?§,“
;and‘it.may bm tha& ?hm gem@ral ﬁ@mﬁ@&%@ nmtﬁd hage xaflact
;thia a$£m¢t. Lm&mﬁn&tio& of thm zesulis ﬁh@r thaL the

q ;aata @ﬁa@nriaiw maﬁguwaﬁ in both the axp@ximﬁmtal amﬁ
”1”¢aﬁnrml mﬂﬁia are vaxy ‘pimilaz, This @v%dawaa may ba .
l*u@md tm ﬁmneiudm that Wich none of the emmpaunﬂm ‘uded in.
Eﬁaii aggrag&tim& ﬂtuaxaa, giyﬁinm iialyeﬁna ox ﬁmamxbz @i,




dﬂws amy ﬁl mﬁa&@&ﬁ& ﬁdﬁﬁ?phiﬂ% borthe cell surface oceur.
i aﬂswgprx@m,wmrx~ wauuw, a @@ LHE @%mmgm o zeta
'ﬁm?@nmiﬁé wﬁu d %r pradi@ﬁad ﬁx umﬂwﬁy vawytu& wE@h uh@
jfhm ‘haaa as eﬂ umaﬁmaﬁxuiiy bm?ﬁme, hy Heard anﬂ Seaman (Eﬁéﬂ)iif
. for measuring @wy&hgum;@a mobilities, If zeta potential -

';ig @QL&?&& w;@h ﬁ?ﬂf&@@ potential, as ls &QMV@HE&@&%IJ'

”Hf%m@urh not %&fi@ Ly aamu*aam,imx ean be said that the
pvasaima mf Pig mﬁh Lol Flyeing and diglyeine in ©i sgue - -
wul?ur@ m@dﬁ@ do ﬂ@& BiLg sad Licantly @h&ﬂga the ﬁmrﬁawﬁ POY Qﬁ*;,
&3ﬁ¥ of . ah@ w&ll m@mbﬁﬁm@ @ith@f w; a@@mﬂpﬁm@m @x by any .

pmmﬁﬁh] Ao enﬂlwﬁimﬁ m@@h@ﬁ& p similar to that proposed
by Brooks (1@[1) Lor dextyen wwluaa@ﬁm, From theoretical
 %“%$§&0?&Liﬂnm@€kf@?? L@%?) it is predleted ﬁh&ﬁ aiﬁh an.
Lﬂﬁﬁs&&ﬁ i ahm alecty static ﬁxmlm@& de-constant of
_the ﬁu&@@masma mﬁﬂ?hmg uh@ ﬁ%%i&ﬁ@ ﬁﬁzﬂutMﬂL Wiii ah%m&e
in value., Gongs m@maaimv of . ﬁh@_ﬁ@i&&iuﬂ&h&p ‘between the |
’ﬁﬁ?& potential and i face &hﬁﬁﬁ@ denglty of any sﬁhw&aa ﬁ"f
ffp&W&iala ﬁﬁvﬁdib that as the. di@jma%lia @ﬁﬂéb&ﬂﬁ i o
imﬁw@aﬁaﬁ, the zeta potentlal i ﬁmuﬁ#mu&ﬁ (Brooks et al., -
1967, W@iﬁag (A i@@?}., The Lﬁw,b&ﬁ range of ﬁl&l&ﬁﬁi@
‘@ﬁﬂ%ﬁﬁn% covered here Lo pwm@@hly not wide’ ammmgh o ailmwégv
a sgxlmm@;&ppx sieal of this @ﬁi@@%ﬁ bt A ig noteworthy
that in the zesults glven for 0.5 wol dm~3 glyciae and

-gQQZ’mml~dm*3 i %iyuium meudd ha, 1w 21l but one Lﬁ&@ the .
tﬁf*mﬁa ﬁﬂ”ﬁﬂti&! 1s seen Lo bm lﬁwaﬁ in the m@ai mﬂ hi@h&&
_‘ffidialee?ria ammgmam&. ?hﬁ ﬂﬁa§ in meta pmﬁgntial axe’
AJf;hﬂﬁ@V9£ @nxy sii&h {appx 0.2 mV} and are prahabiy nob

i




gnificant over such a small sample. Over the 1111
vange of dielectvic constants studied here 1t can

probably be safely assumed that changes in the di@?&@&@i&
constant. of the m@ﬁlum hava virtually no effect on the '
zeta potential of the cell Sﬂ&ﬂﬁ&@%«ﬁf either cell type
investigated. , | L

) The values datawmiﬁad for the collision @i?iaimmay,
From Lhe ag gr&yaii@na of awday 14y bud and 7~day nauval
vetina are givan in table’ {8} of the Results. These R
values can be uged in two ways; 2% 8 means of calmuzatimg ﬂ'f””f
an absolute va1u¢ &ﬂﬁ ﬁh@ fovece congtant M, and as L |
way of ammpaming the ra&eﬂ of agggﬁgatiﬂn when these awve

carried out under g&mil&r eandi& Long, If these conﬂi&¢ansz'7

fLea. visea&&ty; h(a: raﬁa and pare LQ?@ &im& are &&nilﬁ
it is cla&rfﬁxmm @qmatxan (28) tha& a comparison: of ‘the

collision efﬁicianciwa is aqu;valenﬁ to a Qﬁmpaﬂiﬁﬁﬂ 0L
| flovee cmmmtant ~ Henece 1t wcu!d B - pmsuible ta compare
L the’ inrcgactians of the cells undex difi@ﬁiﬂg physico~
»;rhemleal cmnﬂi@ﬂmn@ wiﬂhaut aaluulm& n@ the force: c@ﬂﬁt&na{ii
;‘zn each inatana@. These c@nditi@mﬂ axe fulfilled to a B
limited extanﬁ. Wﬁ&auram&nta OF vi@easiLy ghaw thaa apart
from tha case of ﬁexaraﬂwn@naainin@ mﬁﬂium, there are no
significant dif“@ﬁ@ﬁﬂ@& in the viscosities of the media f :
used (maximumm di ffevence 0.124 w 4073 mgm“z) @h@ am?i&gw@g;§w
aificiamcy aﬁlaulatad fox . ﬁha dax&x&n medium was eﬁfrﬂca&é |
~ for viscosity ﬁ@pavat&iy b@Fmre hwing mﬁludad in the
‘ ; Results, The qu&veimm af the radius of tha calls is
)’M%_paﬁtiaulaxly impmxﬁan& as ?he f@rc@ cﬁn@&an& 18 dlrwctiy
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proportional to the aub9 of tha vadius, ﬁMﬁasﬁfeméﬁt off
cali*dﬁam&tek‘in the varieus madia (h@wulﬁs)’ahBWQﬂﬁthat_
eell siﬁa diﬁxuwﬁ differ gignificanﬁly. The me am cmli
diameters of ﬁwday‘limh:bud and 7-day neural retina ave
approximately L.Oum apart, whlch is not much greatﬁ" hdn
the experimental ervon. gmnsidmxing the low variability
of bcéhfth@$@”#acﬁmx@ 1t is probably reasonable to uéé.j
the collision efficiency to compare the. adhesiveue |
within elther 6f the two cell types, The dlfscwunﬂ@ in
shear @&?@ at which the two cell types were ag gzagated
does not allow a diwect aompaxammn to be made between
i»day neural reilna and S~day @;mb bud, though comparison
16 allowed within each group owing to the constancy of

~ chearmte employed for -each type. Ti iﬂ Lharaagr@
necessary to caleﬁiat@ force cons shants Ln order to be able

to compaze dlmchTY the adheskv@ bahav&aus 0& uhe w0
tissues. |

The values for cwllasxﬁn efficiency ahoun in table (&}
demonstrate three overall ﬁactuxm in the aggregat30n OF
the cell suspensions, and hencm it is presumed, in the
adhesion of the cells. in all the experiments carvied
out, except for the case of aggregations imvolving 1.0

-3

mol dm™” glycine ‘and itsucontrol madia, the controls

T a

Lhemeetvas give very similar results for ﬂl]i&lﬁn efficleney,

t’Q

b@hh‘%lthim ‘the meural retina and Limb bud cell typas,

The consiﬁﬁamcy ab&axnad not only argues in favour of the
whole test syat 2 being an excellent m&?hod for obtaining
kr@pxoduciblg}gggulﬁa, but ﬁlmmfauumaaﬁs that variations




103
found in the test suspensiong can be confldently ascribed
to veal changes in the adhesive behaviour of those cells
under study. It also serves bo confivm that the assunpitlons
concerning medium viscosicy and eell radil ave applicable.
Ef‘viécmsity was significani, 1t would be likely to altex
the collision efficiency to some extent. This can also _
be said for cell size in conditions of vacying "osmolaritcy”,
as it can be shown (Curtls 1969) that with two cells of
equal. adhesiveness a lawger cell will be found to give the
smaller experimental collision efficiency.

A second polnt avising from the resulis concerns the
difference in the &ggr@gaﬁiaﬁ capabilities between the
two cell types. The S-day linb bud tissue in Hanks-199
medium at a shear wate of 2.65 sec™! has a value for the
collision efficlency of 2.47%, the 7-day neural vetina
cells at a shear vate of 10.24 sec™t gives a value of
15.41%.  This considevable difference in collision
effliciency 18 seen to be even greater when shear rate is
“waken into accouwt, it would be expected that 7-day neural
retine aggregated at.shear rates normally used.for 5-day
1imb bud would provide an even greater value for the
collision effictency (Curtis 1969), probably somewhere
in the region of 22%. The nearly tenfold increase in
adhesive ability between 5-day limb bud and 7-day neuval
retina, as measured by this technigue, wmight possibly be
Can indication of a diffevence in the type of adhesion
that these two cell lines possess. This point will be
discussed furthey below.



?h@ zhavﬂ dbsefvaaﬁon 0 ha diraussod 1.8 th@‘
behaviaur of the ecell Sﬂﬁ?@mﬁiﬁﬁu when ap gawatad in

media of ﬁlfiexin @jéctrastatic d?atmcurio aan&tani.

g

" .In both ceil types thewe is a tendancy Ffox the cells
|  a&repaLeﬂ in the pr@&ence of Deporbitol {the cmntrwBﬂ)
E0 giv9 cellaﬁian @xiiciencfea &lmilar to that obtained
“n Hank»l@% wedium alone. This suggests the B»sorbltal
has 10 QFLQGL on, theeggrﬂga?iam of these e»]ls and &rgu@ﬂ
in favour of the experimentally observed gvsdenca tbaf |
Dﬂﬁ@ﬁbmtﬂl has 0o signlflcant diclectric cmnatanL¢, n ahe
case of naural retina tissue awgre gated An a dextwéu f
aonta&ning medium, the ealliai@n @xﬂicmﬁncy (tha @%ar@
pv@sumablj Lh@ adhm&ivemoaa) lh geen ©o d@c 0&3@. ”hi
yesulk has beem d&ﬁﬁuﬁbﬁﬁ b@fowm in wwlatlmn Lm the work
~of Brooks et al (Lﬁﬁ?, 3971) but it may ba aﬂded that i

‘“vgives circumsiantxal evidence that dextran dmaq nmr have

'bimilar dglvcﬁric Q"fﬁcta as glyeine, Which behavg luaa
eampleteiy oppawmb& way. 1n both cell typew Lhew@ can be
cléarly seen an Eﬂaxoasa in calimwmnm a«{icloncy
“(adh@aivvuea§) in wnedia amnta&nlnw giycine and d giyaun&,
the only cempouﬂds*maaauvad h 2we o LHQEQ&Sh ihe Gl&l@ﬁkf&@
constant ab@vw that of wanex LE appoaﬁg Lbehpymre that
the adh@alvanews of boi h cw]l Lywcu Lnaweasas wl&h |
B el@etrm;Laﬁic dﬁwlaaLrlc cﬁnshnnﬁ.' T ba able La enra miﬂn
tha carxelatimm.m@vg mleualy in ?h@ Lwo cali typeﬁ and o
compare the effect betwean &he tww &i&&u@ﬁ, Lhn Force
'cmnsﬁan&s w@r@ ealeutatad for a series of euperkmen al ,
raaulaa nbtained xn glyciue amd dialye ine m@d&a, tagu@be



w?Lh one og twm conty nis. Theze valies appear in table

1!}5{»’

*‘?{19} | %rwm th@mo vajn ;ha first ?himg ©o be seen Ls ,
mhﬂa 3amna @3if@f@ﬁ@@u aa app@mx baﬁwwun &h@ %wm cell ‘

: ;%ﬁ'jpﬁﬁ as d@ﬁumﬁ& From the | ¥m?a@ consinat. Talidng os ox

axam@ﬁm Lh@ &mfev &ﬁﬂ&tﬂﬂi aalrmiai@d for the EW@Gﬁbiuﬁl
 .¢@&&?@1 madium of 0. 1 mol dm ,i 1yaim&, a @ilf@r@neu

r:?eavaﬁmﬂg nearly vhwuw ardwr& af‘m@pnﬁavﬁm can . ba deen, - s}'?;fwf

m@m"a'& retina MV ing far hi glwz«: vea lues than umb bud ﬁz‘?mu@ 5’»
- This @b&@?vatu@n iamde Sﬂpp@?ﬁ i@ the %ﬁsﬁiblliaj @h&a the
Ewo caTI types dwm fer mafh&dly in theis &ﬂheeive @xﬁwawg§$&.
To c1&&r1y see &h@ effect of ﬁ&@iﬁgﬁya@ Q@mwtanh wm the
&ﬁh@&iﬂﬂ af Lha$u @@11@, a. gra@hiﬂal y@pﬁ@ﬂ@ﬂ amxmm QL,%hG
rVﬁfi&ﬁLﬂﬂ of xeycm yoms&éma with d?m&@mzvic consiant’ iﬁ

)

-i‘&hown&xnwaﬁﬁuﬁﬁ (&){ it aﬁp@akﬁ &h@r W@na£ﬁ11y thaﬁg %?-a;*A

imere&aa im ﬁh@ force e@ﬁ;“&m& w&&h maaﬂuﬁ@é
di@l&@txia w@nw@nm&, ﬁ??&ﬁpactmv@ @? the ahwmieat (glyabu”
on daglynim&}, whﬁﬂw ?ag the D-porbitol awmtvala, &huuwhﬁ

a Qamady

gihm hdw@ no - dmcl&a&mta @’f@@t the force constants vemain d%
| ﬁ&h@ ﬁam@ lﬁV@?G {as can be daduuwﬂ fromn the &mlliaamm | 8
r73a€£mcﬁeac!eg}. oo cloger @aammﬂatlmm of ﬁh@ ra&ml&u, 1t
3@@@@?@ ‘that ?“dﬂy m@uwal ﬂ&tlﬁ& & fax legs sensitive
- to. ahamgaa in éialwva*am cmnat&m 1@h@m %wday Limb bud. .
“%e ia¢m&@ &ﬁV@%ﬂ a ahng@wmh_vaﬁu@ % 6 3 10 ?“ j@mlad aﬁ

3;* 9% 36”29 jauiaa LE ﬁb@ rﬂﬁu]a for 1 mol =3 1?@&&@ o

& LL* imaﬁud@ﬁ &vd 3,6 % 10" ~23 Jﬁﬂlh@ €0 2.5 x lﬁmzz'if

aﬂi& ma'ﬁgn@r&ﬂ meh %mﬁ an &ha ﬂ?h@&
hand vnri@s ﬁr@m J.ﬁ x 10“?6 j@u?@ﬂ o, 1.1 x ?Q“?é j@ﬁl@

_ﬁhia & yvﬁnm w@

'&L nhiﬁ jumonuv@ w@m@ ﬁ%fkagul&y airise im ﬁh ~@ﬁveci

L2
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o int&xpx@tatiaﬁ @ ah@ g"apha 1% &i&ur@ (8) if de ds

aaeapaed thﬁﬁ Lae aeautaﬁ obtaluad for cell ag&r@ga%iﬁn
t.@ mml g™ 3 ape a& valid as those in the char media,

;’:: klr& "‘r
@h@n iv is pa&&?hl@ o &uﬁ@wpr@ﬁ %hﬁ rasulis. as ghmwmnﬁ

f chat 7wday neural retina cells chow a linear increase

| im foree. amns&aﬂt with dx$laaawﬁ@ const anﬁg'wﬁmlw Seday

S

“1imb bud Sh@W@ &. @?&dﬁ&l £ailimp ammy as dieiaatxia mamgﬁaﬂt i
riaes above Q& Lﬁm. On ahw othex hand, for reasons aﬁraady
, m@malenud wma xa sults mf Gh@@ﬁ“mﬁﬁ s using 1 0 mol dm"

are wuﬁp@cagt ﬁdhnﬁawaﬁaﬁaISHaulé b@ awm@r@d. i€ this i@

the case’ th@ﬁ the wn?arpm@&atiwm of thm results will be o
difﬁaw&nﬁ. Wamalyg b@&h aall L;g@ shmw iﬁﬂf@&&?ﬁ in LV
malculated fmwc@ aﬂna &nﬁa w&&h dfmjmaﬂwﬁc mnnstant, )
the ra&@’ofﬁwa&ah appa&yg ﬁﬁ fﬂﬁl o i when the. diulac&wwe :f
consiant stam ahmgw 0& 9347 ”a maj [+ 23 ﬁhat bmth eell mypaq
‘appear ©o h&hav& in a ﬁimilar manner with iucwaaua im
& ﬁydiulﬁc&rie m@mﬁmaﬁt Ehwaa increases b@c@mﬁﬁ&
pvap@xtk&naliy 1@ 5 @rﬁgc?xVQ ?ﬂ iﬁ@f@&&iﬂg tha foree ean@t&nt.
" The faﬁe@ ‘constant, M, is a measuvement of the total 5
interaction enesgy acting on a palz of adh@xing particles, -
& may be aquatmﬁ with the namakﬁg a@nﬁaant, A, L€ aﬁh&%ﬁ@n”ﬁ
tales piama 4& the wrﬁm&w; mimtmumﬁ wh@m no appv@aﬁabla '
pmt@ﬂ&iﬂl CNELEY barrier to eloge appx@ﬂah mﬁ the suviaces
i found (Cuzkls 39&? CuW?ma and ﬁ@ﬁhinﬁ 1970}* 1£ the
valuag off M ﬁ&xivaﬂ irmm the m@a&uﬁ@ﬂ @ﬁlli@imn ﬁ& im @naxaﬁlglf

falls w&ﬁhi& the 1 ﬂnga mﬁ‘valu - Eow ﬁamakﬁg cons aaua

N deduced £rom @mhm methods of MEaGuGHant liﬁ may be ‘
‘  supgu&ad th@@ adhm&imu is 0&&&&&&@3 i@ ¢he p?ima 2y minl mnm,uﬂ
' amd &h@? &hﬁ L@ﬂmﬁﬁwﬁ&m&k@w fmvyw ﬁL a&a&au&imn 1o actiﬂg |
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4n the adhesion b@iﬁg stidied, Overbeelk (1952) hae fhﬁaw
that the Hﬁm%kﬂﬁ eonsant has Vﬁlwe am-fhe wange of :
L ox 10722 go 1L ox: 1019 joules (L 2 107" w0 1 kS 1&"1? arEs).
‘Fhe values Ffor the fovce eanst&nu, w* may Eauw,amtﬁiéa the i
vange of Hamakew constants for Lwo wensons . The fivst
" of these 1g that the force of attraction is aot the
London-Hamaker force; however, there is a lavge body of
evidence to show thet thisg i$7un1ikﬁiy,ﬁaxh@ the case
(Cuxtis 1%6@, 1969), There appears to be adequate @Vi@&ﬂé@
that culis appear £o act as colloldal wawric Les (Curtis
1964, Rorn and @ﬁﬂ&@d 1968), and both Brooks et al. (1967)
amd Wﬁlﬁﬁ {i@ﬁu) have ﬁ@rﬁormed calevlations ahawjmg that

ell adhesion is ev @lxcabi@ in temns of the DLVO eollold
gt&meixy‘“h@@rv. The second @%Wlmﬁdt“@ﬂ for a veducad
- force amnﬂ“mwa Qgﬂhaa particle adheslon takes. place in the
r‘mmammﬁ&xy h¥ mim%ﬁ'b@caaa@ a potential energy barvier due

0. the pxa ence of an mia@nﬁlcai d@&ml layer prevents
 @193@ a@pﬁmach @L the surfaces., 1§ adhesion takes place
in the &ecaadmwy minimm a Low volue will be. found fou @ha
p@ar@na-ﬁ mnk@x bﬂﬂamamt PKQFQRL ed heve by the fovea -
cmn&tanr, M.*mbmﬂy of Lhm'x@s&i f v S~day, Timb bun ehow
& ha& the vniuws'*ww the. ”oxea @Uﬁ tant are V@EV low when
awmpa”wd with @ hm.vaiuas‘mf Hamaker constant., From the o
vesults of electrophorvetic studles {ﬁe&-tablaf(iﬁj) ic de
seen that thiec tlssue type has a m@ﬁéw&&e’zaﬁc pOL@H ehal
in the &ggr@gﬁu? on media utilised for as gr@gatiam wauﬂ&em.
From &hemr@giaai @@ﬂﬁid@fﬂ'i@ﬂw (Gingell 1971, Curtis 196?,
waukw Gb al, 1)6f3 Jones, G B unpubl!mh@d) % can be

Jr(ﬂﬂ/( (e
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shown that wader these conditlons a potential energy baviler

will exist to prevent adhesion in the primary winlnma,

36
if the cells now adheve in the secondavy mionlmum, » Low
value for the a@@&x@mﬁ Hamalke: eﬁnsﬁamm would be expaectaed,
and LT this is equated with the force constant; M, thig
ig what was found by @%@@ﬁi&@nﬂ.,-@% KRS ﬁﬂgg&ﬁﬁéﬁ'ﬁﬂ a
pogeibillicy thag S-day Lliwh bud do adhere in the. secondary
minimmm. in the case of 7-day neuwral vetina tissue, the
foree constente caleulated lile very elose to the px&ﬂid&@ﬂ
Hamaler comstants, though the values do eppear o be 'on
the exbreme low side of the g&m@wﬁlly m@@@pﬁéd values fow
Wemalker consitants. From electrophoretic data (see table
(11) ) it appears that, under the ssme conditlons, 7-day
Cneural weting ¢ells have a sote potential codparable wivh
that off S-day lLimb bud. Using the same aygmgm&mﬁﬁ ag were
applied above for S-day Limb hﬁﬁ; Lt could be supposed that
thie tlssue also adhexes ia the secondary minlmic. The
nigheyr values detewvmined for the foree constant m@“‘@&ﬁie@ﬁ,
elther in a shovter separation distance between the adheving .
membranes of neural vetinal cells, andfor in 4 Wigher
true value flor the Hamakew cmﬁ@ﬁamt.{thiﬁ'is‘kmﬁ#ﬁ'ﬂm-
depend on physical @mmpmrtiﬁg inherent in the bodids acting
under the foree of attractlon as well as on the nature of
the mediue sepavacing those bodies (Cregory 1969). However,
it 1s pogsible that the forece comstant M, balng steiculy
a measurewent of the total intevaction enewgy, vather than
a divect measurement of Hamakew conghant, must not be applied
oo wigowvously when wmaking deductilons of this natuca.



109

The ai' act of lncreasing the ﬁﬂmc&faa&atie d&@%@n& e

=

constant in the W@rk presomted hewe 1s geen to Lﬂefﬁﬂﬁﬁ

the ﬁ@tal energy of intervaction of the cells when in hw
PrOCcess mf amgyagamﬁﬁn. From the za siles 1t can be wa
that 7mday n@uvaﬁ veting, with a greater intewactlon %uuggy
(M) Lha@ Seday Limb bud, is not so greatly afv@gted by
changes in the dx&i&ctxic~ca&8ﬁ&mﬁ of the suspension media.

This evidence seecms to contwadiet all that hasg been proposed >

in theory concerning the effcets of dialectric consiint.
?rdm fhe ﬁh@mry of pavticle intewsetion Lt con be clearly
thawn Lhat au 3nce@a$e in the electrostacic diaWQQExm W
m@natanﬂ of the ﬂuayemamﬂn mediwn will lead to an increase
i“n ‘the pmamﬂ ial enevgy b@ﬂ”iﬂﬁ, with an increase in the
?apuistv& Logu off the 1 oLal &ﬂi@“ﬂﬂk3@ﬂ energy. As a
eﬁnquupnca ﬁhave will be sean a decrease in the magnitude
of the aoa@mﬂa?y'mlﬁimum and an inercase in ~h@ ‘gepavation

| élsﬁanea aL which the ninmmum ﬁacuy& {Brooks et: al‘ 1267,

Welss 1967, Gin&all 1971).' uwwaaw pﬁt@mtial @nerg? ?h&ﬁ“ﬁw.
would pseﬁuvv &&wrw pmndénrly LA coater ﬁfects’@n the CNerEy
of mntn*aeﬁzan ?hmn would vhanggﬂ in the dielectric constant
(Wei$$w1967}, since in_aﬂnputiﬁg gh@-mnmrgy o£~repu1&imm,
Vps the squaze of the surface @mtamtimlzié used. Thus
addition of any aﬁmpmund=Wﬁﬁoh:1QWQr@d the surface poteatlal
would ducraaam the meryy of wepulaion and praﬁumably

alimw ahe cells o aggn@&atﬁ moﬁc guecassfally in mng

enl avggd aecﬁndauy minimum. NGW@V@” measurenents of zeta
wmt&nﬁmais of both cell types im high cmnaontxatmﬁn of
g?ycina aad dab1y&&ﬁa clearly show Ligil r no changs from




110
the potentials obtailned in contwol medla. Turthemmore,
Gingell (1971) and Jones (urpublished) have shown by
@mlculaﬁidn vhat swall changes (ca 20V} in surface potential
- energy héé wéxy‘iiﬁﬂl@~@ff@@£ on the secondany miﬁimmm,
all Qﬁiwhich suggests that possible surface potentiall
effects may be dlocarded as an explanation of the vesults.
Brooks et al. (196?3_&%ﬂ'§0ﬁ@@,“msfﬁ. (ﬁmpublish@ﬁ) have
caleuln ted cunves of potential encvgy interactions with
variable diclectric constant. They have shown thai small
Increases in dielectric aungtaﬁ@ at-a Elxed Homaker counstant
have very small effecis on the total potential energy
curves, One such cuvve (aai@ulmﬁgdvhy-ﬁmmmﬁ)/ia shown
in fig. (9) in order to indicate the wagnitude of the
effect, The dielectric constants used in experiment have
covered a range Ffrom 87 wo 103 (excluding the results
Pov:1.0 wol dn”3 glyeine) which 4s leso ﬁhﬂﬁ‘tW@mty*umi“m.
?h@“gxa@h of flg. (9) shows curvaes where dielectriec constant
e varied over a simllar range at & fized Homakewr congiont
of L = 10°2% joules, with a $umﬁam@ potential of -20 wv.

At a gurface potential of «10 wV the secondary minima axe
deeper (¢a 20 RT joules n 1@7)‘huﬁ~&hm purves are of the.
game pattem. If these curves ave now used to re-cuamine
the wesulis obtained from call aspgresatlon studies, some
explanation ean be avvived at, As indicated by fig;.(9)ﬁ
it may ba that the vange of dlelectwie constant ﬁa@d §@m
experimentation was too uarrow to gignlficantly- effiect the
aggregation of cells into a poopible secondaxy mindiwmn,
'@ﬁ@é@ﬁ when ﬁh&fm@ﬂia‘mﬁ“highéﬁ ﬂi&i@éﬁrﬁﬁ conskants wers
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Potential energy curves

Surface potential 20 mV
Hamaker constant 1 x 10~
joules

Curve A dielectric constant

Curve B dielectric constant

100

separation

in nm,
]

hx )



: : | 112
bedng uwsed, wheke the ability to aggregate (as meamred o
by the force comstant) beging to £all of somawhat (fig. B),
reflecting 4 significant deerease in the slze of the '
potential enewgy “well' in the secondavy minimum. While
this would épp@ag 0 b@.auﬁﬁi&i@ma arplanation for the

choerved falling\mﬁﬁ in the rate of incwease in forea .
constant with diclectrie constant, 1t does not in iteelf
explain why @m.iﬁﬁgﬁas@ should ceeur in the fiﬁéﬁ place.

In the @mwﬁvkﬂiagﬁﬁﬁiﬂn, 0o ﬁmt@ﬂtiwm haa,ba@g'ﬁéid o

ﬁh@-pééﬁibi@ atfects of th@_ﬁddiﬁimﬁ @ﬁ'campmugda sueh as

glycine or diglyeine on the energy or foree of attwaction,

1t belng aﬁsgm@d ghat this was auannstant-valua;' Clearly,

N mh&,@u@ﬁgg mﬁfaﬁaxagtimﬁ‘W&ﬁeh&@ inerease to a greater
extent than the energy of wepulsion, the total interaction
ENBLEYy wom1Q a1$0-imar@a$m; in line with the results presented
in this nhasiﬁ. ’?hﬁ effect may exigt In the limlted vange
of dielectric constont iwvestigated, where diclecteic
constant has 10t vot vioen @mmugh.@ﬁ:@igmiﬁiwamt&y affect
;&hé vepulsive enevgy, but whewe addition of quite laxzpe

'qummmitiwg‘@f,glygim@ or diglycine to the suspension media
may have sigolficantly altef@dvgh@ attrastive energy.

12.Mam'pwwvimmaly baen m@mtimm&ﬂ that the dielectvic
properties of the suﬂp@maian‘m@dimmAmam'efﬁ@eg the onevsy
mﬁ:mﬁﬁxa@timm»($@Q<Emmrodma$i¢m). %ﬁf@hitm;amﬂ his co-
workers (Lifshitz 1956, Landau and Lif&hﬁﬁm4196®5

Doyaloshinglll Lifchits and Pleasvekii 1960) have developed
a theory of the moleculay attractive fovees bhetween solld.

kodles in o llgulid medivm based on the idea of a2 fluctuating
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alectromagnetlo fi@lﬁ; The enpresgion ﬁéﬂ the attzxactive
foree, which is devived from the Mamwell stress tensow

is glven In tewmg of the macroscople di@l@étﬁi@ constanta
and dlelectzic susceptibility of the intevacting watevials,
In terms of the anexgy-af attraction ba&waen'twa seml -
infinite plates of wmaterial 1, sepavated by a small

planaw gap of medium 2, the. expression is,

o A (T al®)alE) e
i lén%@ﬂ cErain <5 @

whemJF\ = a-i;i_‘l-;:, W o= Planck's comstant and €1 (LE ) and |
€9 (L8 ) ave the dislectric pomesbllities of the two
media evaluated on the imaginary anxils ia the complen.
frequeney glanﬁ (Pavgegian and Ninham 1969)., The use of
thiﬁlmmthmﬁ to caloulate enevgles of attraction vequires
- a kﬂaﬁledge‘ﬁf'tb@-di@iea&xie,da&a over a wide freqguency
'xmng@, exsépﬁ in the %implifi@d case for distances of B
interaction greater than. 200 nm wheve only the eleetwostatie -
ifgequenﬁy diclectwic constant can be ugsed. 1As‘the;imaax«v"”
a@ﬁiﬁnﬁ.uﬁ@@xfgmmﬁideratimﬂAame probably considevably less
han this (ca-i@‘mm} it is not profitable to use thisx;,
s@ﬁpla gaa&., Eia1@@$xi¢ data for agqueous solutions over.

a lavge frequency range ave estremelyy limited as yet
and certainly no comprehensive figures ave avallable fow

golutlons of glycine and the Like, it seems that thig

approach 1o at present only useful when applicd to simple
- water~lipid systems (Minham and Parseslan 1970). A
gimplification of the theory can be devived by ignowing
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eontributions of the me Qd o the van daw Waals fowmpe
of attraction and @y_u lnw he mp“ﬁvéﬂ ?wmquon@y

dielectric constant (which is gh@ aﬂﬁ‘?@ of the wefractive
- dindex). This approach would apply g@m&x&ljy 0 Eransparcn o

| matewiaza and chould intreduce oy a rﬁa1i prrcr into “hm'
"Lalcu!mtimn nE H@&ak&v cnmmram&w (”ﬂhu& and Wintmrﬁmm
1969, 1968) Hsc aTy Winham and Parseglan. (1970) have
shown that, maa &ﬁam beamg able te igoowe iuwraved '
aantxibuaians, &t ﬂ@paaxa &haﬁ @&m”% @mequpnmia, ave muv?

‘snm~e 1mpo?tanf ahan Was previcusly pecog mised, even @ﬂ,
‘Vﬁﬁmgevy (3@693 whum ealvul&ting &h@ namqlem,amnstana From
the ?ﬂftﬂeLEVb &n@&v@w of the. mﬁﬁﬁh&ﬂgﬁ W&B able to. ﬂhtazv
asuiua for psjv&ﬁyr@np in watcr that ware n &ngd

. awr@emant with the ex menial value. Quauﬁatanlve
" the ﬁr@ﬁiaai amivu“m fons h@ on the Lifshits ahga&}
- ar@rmoa paﬂvxbla ?& et sn “h wuf@ OF ah@ campgunﬂ @d

in hhis study, but Inasmuech a the ﬂmd@m of ?@kracts@m o
'“&h wa&o ¢hanymm with the addition mi umlmaw, g0 e the

h@ﬂ@@ﬂ*ﬁﬂm&h@ﬁ foree change. Thus, by mdﬁiki@n off giyaiw&
- and related compounds it midy be ghat the Hemalker conctant

| q impraasmﬂ by soma amount:, -?ﬁ.ahiﬁ WEL @-tm b@ he caﬁm,
‘ns Boems qml&@ probable from a iéﬁéid@m pion of the
t:gixwhﬁt¢ theory, then fox a glhven yé@@mhmgl'eu5ﬂ3;>wﬂ
vma@u? sion, adhesions between partleles would: ogeur move .
veadily, as the secondary minimm “yelt” i@.dﬁapes at
higher valuse of the Hawaker constant (Ginmgell 1971). 71&
ig aqgg@ﬂﬁ@d that the observed Lﬁm‘@a T @E th@ amxaa o
constants s&&mxiﬁ_m dia contalning glyeine and deSynﬂmu




railect jm i mmh on incvease in the iiam&? ar const 621%‘"1‘5;’:.
“{?@:Bm:i,h Ly the 1&:@;‘2;,(‘3 AL fferences seen in the &ﬂmmaae of
Mw Foree tf‘ﬁ”}m’m’ﬁlﬂ ai between the two cell © j}jaé?ﬂ“{ may be a
ne rleex?'.wm ] i*he:as,z: dig fcaz?;e.ng adhasive amnz:ggi as (Cumils
3.%?3) A peural retina having vaihes more stable
adimwlmm chan »uﬂ@y Linh bud (*w n*se‘:éﬁm-mm‘&337"'5;:&1@ colliad
aff: mmw::v} ” -ﬁ‘ty not be 8O gens wlwe to small changes in o
ﬁw 3}&1&114:@ s:n 4 a"m@""aeu on-eneirgles. “ha» 5},5@- ater :mmivt:i.vf‘é.ﬁﬁf
L of J-c..’iay Adaly bmt%g, g_wm:mm.ng large changes iﬁ. the foree
c::m’mmm,, way be a forther indication that this cell type
‘:a_:'egsﬁ:m in a shal i.w_ -vsaem‘aﬂﬂw mindmom, requis wing only cwall

varlations in the phys éi'ﬁwez"f‘i("mﬁ(‘éi'ﬁ properities of the medium
CZ.

£o alter tts aedhesive ablilities m a lavge extént. A8

the Degorbiiol comtrol wedia g,,*iwsr» iﬁ‘&thh consiotent
aol 1;’3’@10@31 2555 .w:&.mw leg, L wa:m d se B NECESSArY Lo
mmi:ulai*@ that D-soxhitol does wok c«.:z&h:&?ﬁit the dielestric
1»'?'@19@1?& Log of gﬁ*y&..».mm and diglyeine whilch mmm*m e i::‘ﬁ*;rss
mﬁ;mcuvcﬁ force. This seems gquite possible; as Pethica
(1961) poiunis ouk that suewose ss!afml@i ?zavc;‘*"i?ii:i:?c_a .i:‘?d ot
on the ackvastive aﬁi&pam?m f::::»m“'ﬁ*“m, but as wiih alk that
1as been sald ow this e f’mm no gquantltacive data a::e,m e
devived yat co show thig. |

Mne of the maln objects of ©hls mmﬁy WAS RO attempt
to vorrelate the behaviour of aggrepating tlssue cells
with the theovies of cell adhesion outl ﬁ.wwﬂ in the
neroduetlion. Dy @m?vmg the condlidons uader which cell
aggregaiion was r:nhm,m' cvead At wag hoped phat evidence could
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- be ﬁb&&,ﬁ@d.whiﬁhfﬁauld show a clear-oul pﬂ@ﬁ@ﬁ@ﬂéé

' for one ﬂhﬁ@ﬁy3@$iﬁh® mg&ef; Sueh m,stw&i@hﬁﬁmrﬁagd )
w&éﬁlﬁihaé noe ﬁ@@ﬁ;mbﬁéinmd, but the évidamaa'dﬁam"ff
favour. the theory of cell mﬂhaaigﬁ&%ag%ﬂ on the coliold
f‘éﬁahili&y th@@ﬁy1$§'mewjaguiﬂ and Tandaus Verwey and
Overbeck. The diclectzic constani of the suspension
waedive does appear to have an effeoct @m'ﬁhedaﬁbasiwm of
calls, a pﬂamihﬁli&y predieted by the DLVO theowy and

not: &mg@mat@é'by any other theory of cell adbesion. The
@fféﬁt ﬁﬁ‘c&ﬁ@%#&ly more copplex than was @figiﬂﬂliy
'supp@éad.l The appavent contradictlon between what was
erpected by theory and what was experimentally obsewxved

can be explalned by involking an :if,vmma:ﬁ;ez in the Homakex
congtant mm@'@@na@quamtly ¢he avtxactive force,

Genavally iun previcus considerations of the physicoe
chemical factors acting in cell adheslon, the attractive
~fovece wag eithes ionorad or assuned a constant (Pollack

et al. 1963), or taken into account hyaa&aulétiﬁg'pmﬁamtial
@ﬁ@ﬁgy'QMKV@S over a s@%@@a of differing Hamaker consianis
(Brooks et al 1@@?, Giogelld 1970). - The increase in the
fovee constont with dlelectrie conskant observed in this
wka«ﬁ&y fmﬁlma&'m‘madiﬂicatimn of the Hamaker congboni
brought about by the additlion of certala compounds &0 the
original medium. This can be visualised with the use of |
the Lifehinz theovy, bug méf&a@ e pertlaent éalmﬂi&&i@m@
ave possible, At a later dat&iﬁxﬁmmﬁhax'quammit&tivg shudy
iway be attempted to make an appraidal of this phen@m&m& i
a m@dalvayﬁﬁgm'suéh ag Llipid epherules (liposomes) in siuple
aqueous solutions. o . ‘ -
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_ 'ﬁ'e:s omﬁl f*mrn ﬂiﬁmuﬁmm ma 2 mwm sgwcm} ative note,
i'a., rﬂay bm %‘Lllmghmﬁ*mgs o consi, adm-;;;' In a quaﬂ :?_ ative senge. |
'i,m_ <a fect that the dé’o‘mca&m properties of em i.nm.wvmu e
wcaéiwa can have upin the r,.m*'m of mﬁ*fra:m,i.i on bm:wwm twe
bodies. o sﬁnm‘é, Lelty, um preatment of 3“3@37&1%131&1&?&1%
eg al. '( LOGD) fow. bodi. en. at 1:1 I e:;,pm:mﬂfm dis me;w,' -
1, can be used, wa&e«h ut miw& the mcaeﬂle r'éﬁalr*cw‘i stant
mﬂl_y. CLE 'E»m% bm}im‘ are mmwmw s Ethe a:ag;m"cms ton ean bu |
puﬁ, ‘ | ' |

m"lw- T (€10 éfm & Q €o)
L ?fﬂﬂ\/e'n@ .éii.ﬁ*“éfm A€o

(33

whaaam zwl,iw et iﬂm fmma o:éf atgraction, ¢ ia:z h‘m veloai.iy w of

14 frht. am@ €10 €3p are i,‘ma statile cc.mcslwcm: ic eonstant E
values for the pari Lclcz:‘s and Anservening mc:d:‘é.wa ;.f:oag:m.‘mwcdy.
"ﬂ‘he& izmca,im @ () has nmnm::i eal va’i.uea i, ch ax o giw»m 1in
:iyg. (!;) of Lifehite Ué}"»ﬁ‘i mw ,mcmm has a, Hm.;, Lng.
lm, of {}.‘%J which was user} m ﬁ.hmzca cal aulai*:?emm g H .ﬁgg
an m*bs,ma Ly vmu@ of €7 10 = 50, cal leulation wit:h the use of
agn (33) g.‘i.vm a foree constant of 3.56 4 M} =27 I nm,ﬁ L, GF]
.%}yidééi"i €30 16 calken ag 87. X»?hané sg 18 “'airsad 0 107 {aﬂvc:;«:eﬂug,
i.hsf: waraz;c»a of 4l raivcm:ic mxmmnm et Amc,c}, :?.n shi..,
mem.ig,mma“m) w..,ifmm Liu:a foree constant mc:maum o 5.%%&32/'
% 10727 F.um/ L e i ac,i“u:ﬂ Faet, the di.oi;ucu'lm
constant of cell mefbranes are much lower than the vx,,g_,,u L
£ 50 used hare wm:-m 1967) so the eff cetive Inerease |

K4

Lo he Fm: 2 of abts 'mﬁ.. fon may be oven gs;z:mi,eu.. No

wlaum fons can be- csmpla:ay@d to show this however beeause.




when the diiﬁamwmaﬁ begween €49 sad € 90 are groater
' vﬁh&m‘a faeton 3,.@he funetion Q) wo iangey can ba

‘ n

palen as the a' iag V&lﬁﬂ, but 15 lueweased sreatly

;

(goe fig. (&) of Lifohice 1956). Th&ﬁ;will-m&ua& aven
gvoa&mﬁ ineveases in ¥, but at preseas the inerease in
Lh 16 Xumc‘ima iﬁ g,lmLLL@ unaww&*lm makimg farthew _ ,
Lai@miat“mﬁ mﬂ&ﬁﬁm*‘se, The 40*& of avtraction as glven by
qu_(% bR &g't wmvﬁaf.r ated o uhu ﬂ%mmkﬁr G@ﬁ““aﬁh‘ '
(Gregovy | 196 3} and hu& 1¢ can be seen from aqﬂs‘(&}
and (5) vhat che attractive aneruy between two partlelen
will Ba lmm?ﬁ”"uﬂ uy 1&@%@&»9& i P due Lw The ﬁ& pleatrle
pr@gm:“web of tha i A &ﬁvemxnw madlum. _

© The use of egn (33) has nw ﬂiuaﬁvam‘ages |
_whiah have boen wmentioned mariimw, meAit does serve to -
@mmﬁ the effacts of dielectric constant on Lhw at twae&@v@
CREEEY mi&w elea ”nﬂ.v. It indigaves that lawge che GEE '
in the attractive energy can be brought abau% by inereascs
@ﬁ;ﬁ&éjdi@l@v wle constant of Lﬁ@-m@ﬂﬁ&,lﬂ‘WhLﬁn pariicles
(cells) ave ﬁﬁ&@%ﬁﬁﬁﬂ,*@ﬂﬁ:wmulﬁ,aﬁ@m‘ﬁ@}ﬂﬁﬁﬁ@xﬁ the
@ﬁﬁ@ius%@n" reachaed in this ﬁi&amg@igm-aw o an Omwgﬂﬁaﬁﬁ@ﬂ
of &ha wesulis ﬁb&miﬂad from cell aggregation @:p@ﬂﬂm~ﬁu
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