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1. Intreduction

A cons:derable numb#r of chemical agents are now.
known to induce avian erythrocytes to fuse into nulti-
" nucieated cells under defined conditions in vitro. These

include lysolecithin [I, 2], variows unsaturated and
saturated fatty acids, their methy! and-glyceryl esters,
and the fat-soluble vitamins, retinel and a-tocopherol
3], 2 mixture of polylysine and phospholipase C [4].

Ca?" ar pH 10.5 [5], and lipasomes containing
.phosphatidylserine: [6] .
~ Scme of these fusogenic lipids also behave as -

" immunclogical adjuvants: viz, retinol [7], lysophos-
phatidylcholine [8], olelc acid [9] and linoleic acid

[10]. The mechanism of adjuvant aciion has not yet

- ‘been resolved but it is noteworthy that many adju- -

" vants have surface-active properties [9,11] =nd are
“able to Iabilize lysosomal membranes [7,12]. Actions
-on cell or lysosomal mernbranes may therefore be
some importance for adjuvant activity. In the work

réported here, we have investigated the ability of 2

mumber of known adjuvants to fuse hen erythrocytes. - :

- Our findings indicate thzt a relationship exists between
adjuvant vnd fusogenic properties, and it seems possi-
-ble that edjuvant and fusogenic behaviour rhay both
_mvolve the introduection of instability into the strue- -

ture of cell membranes, A prehrmnary conn'numcatmn

_on th:.s wor;k has been pubhshed [1 J]

2 Matenals and method:, .

'I'he 1::5! systém med ‘for mveshgatmg the abz.hty of oo
';as'?!zts to cause the fusion of hen erythrocytes was that -

Ta0e

) c;escnbed by Ahkc.ng et al. T.:j in w}uch washed hen .

erythmcyies (3 X 10% cells/ml) were incubated al

7°C with the ulirasonically dispersed test substance
in 2 buffered salt solutior (pH 5.6 or 7.4) containing
Dextran 60C {80 mg/mi}). Samples of the treated cells
were examined by phase contrast microscopy at

: f:equem intervals over a pericd of 4 hr for the forma—

tion of moultinucleated cells.

- The following compounds were investigated: Bayol
F {Serva, Micro-Bio Laboratories Ltd., iondon W. 11,
UXK.D: Arlacel A and PL-sphingosine sulphate (Sipma,
London); dodecylamine and tetradecane {(BDH Chemi-
cal Co. L1d., Poole, Dorset, U.K.}; Freund’s adjuyants
(complete and incomplete) (Difco Laboratories,

. Surrey, U.K.): octadecylamine (K & K Laboratories

ing., Plainview, 1.5, A.); Span 20, Span 40, Span 60,
Span B0, hexadecane, octadecane, hexadecylamine and

- octadecenylamine (Koch l;nghi Iaboratories Ltd.,

Colnbr ook, UK.

: ‘Thin Yayer uhrcma togrs phy [14] showed that the
commercml samples of non-fonic surfactams used were
mixtures; Arlacel A and Span BO were therefore’

- treated with Amberlite IR-120 and IRA-400 ion ex-
- ¢hange resins to remove chaxged components [15].
“The'treated samples {1 .5 ) were introduced ontoa’

column of silicic acid (100 g, Mallinckrodt, 100 mesh;

.Camlab Cambndge U K., and the hmds eluted into

two aj or. fra ctions with chloroform. Ester-determina- :

. tions {16] and the Ry values of the punﬁed fractions
Comtle plates were conmstent with the pnnuple com-
" porients of these two fra..,tmns bemg MONo- and’
" -di-ester derivatives (ﬁg 1).-: :

Eleciron mzcrographs of. negat:vsly~stamed prepara- :

R txons 01 egg lecnthm, before and after treatmeni wath

. - : Ncrﬂf Ho!landﬂdbhs}grng C'Omﬂﬁny Amsterdam
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Fig. 1. Sepafation by thin layer chromatogaphy of pwified
Ffractions of non-donic surfactants. The adsorbent was silica
gel H (Merdk). Bevelopment was in chloreform--aeetona
{2:1) after which the plaie was dried and visualised with
iDdine vapour [14]. The samples (150 nglare: 1) unporified
cel A, 2) its diester fraction, 3) its monoester fraction,
4) unpunﬁcd Zpan B0, 5)its Giesier fraction, 6) iis mone-
ester fraciion, 7) vnpurified ethylene glycol monooleate,
' B)its diester fraction, 9) ils morncester fraction.

adjpvants ﬁnd related compounds, were taken at
initial magnifications of 30—75 GO0 X with an A.E1
EM6D electron microscope.

3. Results and diseussion

Commercial preparations of non-jonic sarfaciznis
that have been reported to behave as adjnvants,
_Arlacel A {mannide monooleate) [12, 17}, Span 80
‘{sorbitan moncoleate) [11], and Span 20 {sorbitan
-monolanrate) 9. were tesied for their ability 1o fuse
hen erythrocytes. Cell fusion wus observed on using

sonicates {2 mg/ml) of these substances. Significanily, .

fusion was not seen with two related long-chain

_saturated esters tested; Span 40 (sorbitan monopslmi-
iate) and Span 60 (éorbilas monostearate). This is
consistent with the praviously: repmrted observations
that fusion occurs with esters of both medinm-chain -
sat ﬂIated andlonger chain vnsaturated fatty asids,
_but not in general with esters of pa‘mmc and stea:rlc
acxﬁs I31-

- Span 80" [18] and Aﬂace‘ A [1 9} are rmxmres of
'-pamal esters of a polyo] ‘_sorbﬂa::j or rnafmltol) and i s
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.:- anhydridés’ When samples of these matérials were

separated into mono- and divleate fractions (sse -
Materials and methods: g 1), the monon}éate frac-
tions of both surfacﬁants (D.1 mgiml}induced the )
fusion of her ervilyocytes (fig. 2). The divieate frac- -
tions were less effective; few bmuc]eate cells being
observed after treatment with a Jngher concentration
{0.2 mg/ml). The behaviour of the oleate esters of

. sorbitoi and mannitol thetefore paraliels that of the

mono-and dicleats esters of glycercl [31.

. Several cationic lipids that are known 1o be active
as adjuvants-{11, 20] were able 1o canse cell fusion in
the test system: Di-sphingosine, and a number of
amines with long chains, dodecylamine, hexadecyis-

TONS; ociaﬂacv]amme and octadecenyiamine, wara
fusogenic at a concentration of 0.1 mp/ml. Octadezeny-

lamine (oleylaming) was most effeciive in cansing hen

erythrocytes tc fuse. This amine has been nsed success-
folly to produce homokaryons from mouse fibs oblasts
[21] and in the present work it was employsd to form
heterckarvons from maouse fibroblasts and 1151'3
erythrocytes,

The widely nsed Freund’s adjavants, ,complet-;e znd
incomplete {0.1 mg/ml) alsc fused hen erythrocytes:
beth constituents of the incomplete adiuvart, the
mineral oll {Bayol F) and the emulsifier (Ariacel A)
yrere active fusogenic agents. »-Hexadecane, which is
one of the major cormponents of Bayol F [22}, hos
known adjuvant properiies [23], and straight chais

“hydrocarbons {Cy5_ o) have been used 1o induce

experimental allergic encephalomyelitis in guinea pigs
124 . It is interesting ihat incubation of hen ervilao-
cytes with tetradecane, hexadecans and octadetane
(0.1 mg/ml) aiso led in cur experiments 1o the forma-
tion of rmltinucleated hen ervihrocyies.

‘Many fnscgente Faity acds and thelr asters p:fteratt ,
with egg lecii®n 10 yield new siracturss in negatively-

stained preparations that. differ both from the charac-
teristic strcture of lecithin hpo.a}me& a2d from the
relatively unsimctured appearance of the fusogenic
lipid alone 23, 26]. In the presant work the addbich
of the monculeale iractions of Arlacel A or Span 30
to dispersed lecithin resvltedin o mark2d modification

‘of the characteristic iposome structure: occasionally
"new lamellar angd vesicular strociirss were seen when. .

cithin was ireated with these agents /7ig. 3} Ethylene

. glvco] ’nor:ou]eat e, whichis jusacemc I3}, but ’appears
. 'nct 10 h;;w# b@-en mvestzga;ed as an ad_};l‘&'ilﬁi wns more

s 2’0? _’
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Fig. 2. Light micrographs {3 003 of hen erythrocytes ireated with the mopovlenie fraction of Arlacel A (0.1 mgfmi) for

43 min at 37°C, pH 5.6. {a)} Nomarski giffereniialdnterferenee-conirast microstopy; (b) phase-contmst microscopy. A larpe cell,
in which more than 50 nuclei can be distinguished, and two cells each contzining some ten nucled are seen. Two mononucleate
cells (single arrows) that have the swollen appearance known io precede fusion [3], and discshaped cells (doudle arrow) ihat

Jave been hitle affecied by ihe acded adjuvent ore also presemd.

active in this respect. Divleate fractions of ethylene
glyco), Arlacel A and Span BO {fig, 1). whickh were less
effective in causing cell fusion, did not interaet in this
way with lecithin thus behaving like glyceryl dioleate
[25, 26].
" In summary, @ number of non-fonic surface active
molecules, fong-chain amines, and straight chain hydro-
- carbons, all of which have adjuvant properties have
been found to be fusogenic towards hen erythrocytes.
Some of these molecules have also been shown to
interact physicatly with 2guecus dispersions of egg
lecithin. 11 is suggested that adjuvant aunmy and
fusogenic pro perites may both be expressions of the
ability of these molecules to interact with biological
meinbranes, Cell fusion might itself play a role in
adjuvant function shomls transfer of material ithrough

208

uz:};mrplasmit connections between macrophages and
lymphocyies [27—29] , and between lymphocytes and
target cells 30}, prove to be of functicnal immunolo-

- gical impoeriance. Alternatively, if thymus-derived

Iymphocytes proguce soluble medistors that affect B
sells or macrophages [31], adjuvants Ry facilitate
secretion of mediators by affecting the fusion of
membranes that occurs in exocytosis.
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Fig. 3. Nepatively-siained electron micropraphs {X 230 000) of {2} a sonjcaied aguesns dispersion of epg tecithin (1.25 mg/mi)
in 2% potassitm phosphotungsiate, pi $.8, brought 1o 37°C before gleciton microscopy, (F¥ agueons, senicated leeithin
{125 mgfmd) mized ai 37°C wiith a sonicaied dispersion of the monooieate fraction of Span 80 {1.23 ma/ml), prepared for
electTon micrascopy as in (2). Elec*ron microscopy was undertaken as described previounsly [26].
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