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Perturbaliolls int.lucet.l hy Lasalocid ílnd Moncnsin as sodium Síllts on molecular organizalion 01' two typcs of model membranes prepared
wilh ;l lipid, dipalmitoylphosphalidylcholine (DPPC) and a surlJctant. cctyltrimclhylmnmonium bromidc (CfAB) have heen analyzed by
Rarnan and infrarcd spcclroscopies, Our aprroach involves Ihe possihlc changes in the vihrational spectrulll 01' lipid muhilayers for different
molar ralios aroulld lhe order-disorder lransilion tempcralure (T",) and changcs in lhe vibraliollnl spcctrum 01'a micellar solulion of CfAB

(20'#. hy weighl) in the C~h strelching vibration modes for diffcrenlmolar ratios. l/llhe hydrophllhic eme 01'the multilaycr memhrane, lhe
inleraeli<lll (JI' LasalociJ is associatcd wilh changes in lipid packing. With OPPC. an effect is delected whieh corresponds to a decrease ol' Ihe
ehain packing 01' lhe lipid, In prescnce 01' this antibio(ie. Ihe transition ternperatllre T", dccreases dcpellding on Ihe lipid: <lntibiotie molar
ralio. Effect nI' Monensin is quite differcnt. the lransition lemperalure is not lTlodilicd hy increasing cOllcentrations ofthis antibiotic. Evidenee
of pcnclralion nI' L:lsalocid inside (he lipid eore of lhe membr<lne is givcn. Penetration of MOllcnsin is discusscd.

KeYlI'on/.\: Raman: f-'TIR; model membranes; las<llocid; monensin

Perturhaciones inducidas por las s:tlcs de sodio de lasalócido y monensin:l en la estruelUra molecular de dos lipos de membrana modelos
preparados con un Iípido. (DPPC) y un tensioactivo (CTAB) se an<llizaron por espcctroscnpías Rarnan e infrarroja. t\ueslro enfoque toma en
cuenta posihles clmhios en el espectro vibracional de las mullicaras de Iípido a diferentes fracciones Illolares alrededor de la tempcr<llura
tic transición orden-desorden (T",). así como cambios en el espectro vibracio/lal de una solul.:i<'lIlmicelar de CfAR (201il. en masa) en los
modos de vihración dc elongación de los gmpos CH:;? En 1<1parte hidr6foh<l de la memhrana la interacción dcllas<llócido esl asociad<l con
l':1I11biosen el apilamiemo de los lípidos. Con DPPC. se observa una disminución del apilamiento de las cadenas dellípido. En presenci<l del
anlibiótin.l. la lemperatura dc transici6n Tm disminuye dependiendo de la ra/ón molar Iipido :ll1tibi6tico. El efecto de la monensin<l es muy
diferellte, la temperalura lIe tr<lnsici6n no clrnhia con la concentración del anlibi{llico. Sc ohserv;l claramenle la penetración del lasalócido
dentro de la parte hidrófoh:t de la memhr<ln<l.Fill<llmente. se discute la uhiC<.lCi6ndc la moncllsina.

[)C'.\'cr;prorC's: Raman; FrlR; membrall<l modelos; lasalócido; rnoncllsina

PACS: X7.15.By: X7.15.Mi: 78.30.-j

1. Introduction

Lasalocid and Monensin are polyelher carhoxylic ionophores
which have oeen eXlensivcly studied oy X.ray diffraction
lTlelhods 11-:1 l. USllally. Ihey fonn monomeric or dimeric
SITltClllres. wilh a prcfcrcncc for Ihe secano ones in non.polar
solvenls. ami lhe metal ion is oondeu through oxygen func-
l¡ollal gmups. They have received much atlenlion occ:tuse
0'- thcir aoilily to Iransport melal calions across memornnes
(natural or artificial), II is gcncrally oclievcu [6-8] that Lasa-
lucid and Moncnsin form speciflc complexes with cations
via hydmgcn oonds ano cncirclc the cation (Lns-Na. Mon-
Na). which oecol11es Iipophilic. ami provides a mean lo eros s
l11emorancs. Molecular formulas of ooth antihiotics are pre.
sentcd in Fig. l. Such cOlllplcxes are forrned al the interface
hClwccnlipid ami \Valer and Ihey are drivcn across the hilaycr
hy gradicnts in cal ion com:enlralion and pH. Gne differcnce
oct\ ••..een the lwo ionophorcs is seen from their transporl se-
leclivily lhal h:we heen cxlensivcly sludied 19-14J. Lasalocid
SCCIllSlllosl eflicielll rOl"carrying K+ iOlls and Moncnsin I"0l"
Na+ ions. The anlioiolic m..:livily 01" thcsc moleculcs prooahly

In)

FHiLJRE 1. MoleclIl:u forlllul;ls 01' ¡¡) L.-Isalocid, .-1m] b) Moncnsin.

:trises fmm Ihe carricr lllechanism. Circular dichroism has
oeell perl"orllled [1:11 :lml has shown lhe formalion 01' a COIll-
plex hetwecn the carooxylale ion o" Las-Na un ion ano the
alkylatllmoniulIl ion.
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Lcss attcntioll has heen drawn un intcraction wilh phos-
pholipids. SOI11C works 011 fluorcsccncc have heen pcrfofmcd
lIsing lhe inlrillsic tluorcsccncc of Las-Na p, lGI. Thcsc re-
sults have heen intcrprcted in Icrms 01' Iimitcd soluhility 01'
Lasalocid A illlhc phospholipid vcsiclcs. (his soluhility hcing
highcr in Iluid than in rigid phospholipid. AIso. thcsc rcsults
have shown, that al low lipid : Las-Na molar ratio (Iowcr than
50: 1). Las-Na has a lcndcncy lo form aggrcgalcs so as 10 mio.
imizc rhe cxposurc oí" its hydrophilic portion lo the hydropho-
hie interior of lhe lipid hilaycr. In a reccot work. Hasl110nay
el al. [171 also illlcrprcl thcir rcsults 01' Langmuir tilms nI'
lipids-antihiotic hy Ihe formation of aggregates. hut also sug-
gest the possibility of penetralion of the antibiolic lllolecules
insidc lhc Iipid chains rcgion al molar ralio lowcr lhan 25: l.
It was recenlly shown 118] an aggregation tcnJency more im-
portanl for Mon-Na lhan for Las-Na. hut also enhanced hy the
hasic pH. This work t:ont:ludeJ lhat Las-Na moleclllcs musl
he siluated 10 somc exlenl insitle thc Iipid hilayer.

Differential scanning calorimelry (DSe) was pcr-
formed 1191 in order to slutly insertion propcrties o" Las-Na
unJ r..h>n-Na in DPPC multilamellar hilaycrs. II was shown
(hal the gel-liquiJ crystalline phase transilion is conccntra-
lion dependenl with Las-Na while nol with Mon-Na.

In ordcr lo elucidare the membrane damage rcsulting
from lhe inleraction wilh lhe antihiolic we have undertaken.
hy spcctrost:opic Icchniques. a comparative analysis 01'moJel
mcmhranes containing DPPC or DrPC/antihiotic (Las-Na nr
Mon-Na) in IwO aqueolls solulions: waler at pB 6 and al
pH 9. High concentrations l' 01' anlihiolics (1' = l110lar ra-
tio lipiu!anlihiolie. 100: 1. 50: l. 28: 1 anu 10:1) are ehosen
hecause, in poultry. antihiotics are added to medicaleJ an-
imal feeJs at 100 mg kg-I for the lreatment 01' coccitlio-
siso RcsiJuc Icvcls 01'0.005 mg kg-I are encounlered in tis-
sues [20}. \Ve completeJ Ihis work, studying Ihe elTeel of
holh anlihio[ies ralios (,. = 50:1. 20:1.10:1 antl 5:1) on a
20% micellar solulion of cetyllrimcthylaml110nium Brolllide
(CTAB).

2. Ma1erials ami llIethods

SOllium salt 01' Lasalm:id (97%) and Monensin (!J()-!J;>% )
a",1 DPPC (> 99% hy TLC) were purehaseu !"romSigma.
CTAB is a calionic surfactant and was purchased from
Men:k. Las-Na was rccryslalli7.ed from aqueous methanol
ami aCClOne. l11.p. 1G9-172°C. Mon-Na \Vas recrystallized
frol11aqueous melhanol and diclhyloxyJc. !ll.p. 2GO-2G.l°C.
Thc solvel1ls werc Prolaho analytical grade. Chlorofonn anJ
hexane were distilled 011molecular sieve <1Á for l110islure
rellloval. \Vatcr was purifleJ in a Biohlock four carlridge sys-
lem. Hcavy water was purchascd from Euriso-top (CEA) with
99.8% of Jeuteriulll.

Lasalocid ami Moncnsin soJium salts are poorly soluhles
in water and ",ere firSI dissolved in a chloroform-hexane so-
11IIiol1(2:3. v:v) lhen DPPC is addeJ lO reach Ihe Jesired
concentration. The solvent is then evaporatcJ from the liq-
uid mixlure Juring 10 min at GO°C. The residue is lhen

drieJ under vacUllm al 37°C favored hy a hOI-cold current.
DPrC/anlihiotic mixtures at molar ratios 10: 1, 28: l. 50: 1and
lOO: I were prepareu using Ihis melhou [251. The same teeh-
niqlle was t1sed lOprepare CTAB/anlihiotic mixtures all110lar
ralios 5:1.10:1.20:1 ¡¡",150:!. [¡ muS! he nOlieetl here Ihat
samples of CTAB/Mon-Na al 5: 1 were nol ohlained hecause
an aggregalioll proccss has heen occurring in lhe solutiol1.
Thc same aggregation process occurs in the others mixlures
of t\rlon-Na with time. It must he noted that dissolution of
holh antihiotics in an i:lnionic surfactant solution as sodium
dodccyl sulfate or sodiul11octanoate is impossihlc.

Por Infrared l1leasurements. samples were ohtained hy
dissnlving 2 mg of powder in 40 mi 01' dislilled water or
hcavy waler. Films of hydrated systcl1ls were Ihen plar:cd
direc!ly oclwcell CaF1 winJows wilh an optical palhway of
7/1111.Spcerra werc recordcd on a Nicolcl 5DX speclromcter
elJlIipped wilh a TGS detector. In order lo eliminare spcctral
cOlllrihutinns of almospherc w:tlcr vapor, the instrument was
purged with dry air. f=oreaeh speclrum, 100 scans at 4 cm-1

resolutioll \Vcrc eollecteJ. eo-aJded. apodized wilh a Happ-
Gen7.el funclion and Fourier lransfonned. The speclra of the
solvcnts \Verc suhlracted fmm Ihe spectra of Ihe solulion in
particular for Imver concentration solulions.

For Raman spcclroseopy cxperiments, all Ihe samplcs
werc prep,ned dissolving.1 m£ of powder in 30 mi of water.
healed and mixed ahove lhe transilion tempcrature. The Ra-
man speclroscopy expcrimcllls were pcrformed on a comput-
erized Johin- Yvon Ramanor HG2S douole monochromalOr.
using a :lOlG Spcelra Physics Ar+ laser. \Ve used 514.5 nm
laser line with a power 01" :200 rnW al the laser hcad and the
speclral resolution was nearly 4 cm-l. AII the samples were
cncloscd inlo sealcd I 111mdiameter capillaries and placcd
in a small cryostat with nitrogcn circulation and temperature
regulalion rOl'lhe lemperaturc cxperiments. Por tcchnical rca-
SOIlS,lhe platin resistor was quite fnr fmm the focusing point
01'the laser hcam, Ulltllhc error in lempcrature measuremenls
was estimaled to he :i: O.SoC. Thc sample was allowed to
reach lhcnnal equilihriulll for 15 mino hefore recording cach
spcetrlllll. For caeh spcctrulIl al least 10 scans were colleclcd
ami co-added in order to llave a good signal to noise ralio it
is showll in Ihe Fig. 2. Calihralion of the Icmperature was
checked hy t1etennining lhe Iransition temperature 01" pure
eomplelely hyuraletl DPPC in waler al pH 6 (41°C). Spee-
tra were recorded each degree in thc transition region anJ
each Iwo or tive degrecs oUlside the transition region. Thc
scatlcred light. úctceted al righl anglc from the incident light,
was collceled on the pholocathode of a coolcd photomulti-
plier and amplilicd hy a de operational amplitler.

The tcmperaturc curves \Vere delermined fmm low lo
high temperalures. The estimated crror in the calculation of
Ihe peak heighl intcnsities ratios made oy Jmplitudc l11ea-
surelllenls is :i: 0.03 ror the I1RRO/I2R!íOpeak intensities ra-
lio :lI1d :f: 0.08 for Ihe IlOGs/I109Rand 11128/11098peak in-
tensity ralios. The haseline was laken by drawing a straight
line helween 2800 anu 3000 em-I anu hetween 1000 anu
1200 crn-I as illllstraled in Figs. 2a and 20, respectivcly. A
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FIGUI{E2. Raman spcclra 01'the eH strclching. modes, a) and C-C skeletal moJes. h) al 10°C (Iower) and 45°C (upper) ol' a DPPC aqueous
sollllions al pH 6.

systcmalic error could he malle in lhe ratio calculation duc lO
Ihe prcscncc of anlihiolic spccially fOf lhe more concentratcd
silmplcs. As these antihiotics are no! soluble in water, il is
lhen impossihlc lo sUhlraC! lhe anlibiotic spcctrum in solution
and Ihis corrcction has nol been done. Thc Raman spcctrum
ofholh antibiolics powdcrdocs nol have eH;.! stretching band
al 2850 cm-I (spcclrum not shown), (he main bands in lhe
VCII region are al 2880 and 2035 cm-l and are mainly duc
10 l1lclhyl CH;1 slrelching molles. As lhe nand at 2850 cm-l

is only llue lO CH2 slrctehing (ami Ferrni resonance) 01' the
DPPC ehains, lhe I:UHIO/I1M;JO ratio we rneasured may proba-
nly he over-estilllalco for Ihe mixtures.

3. Resllll~

lt is wcll known lhat phospholipids and surfaclants can exist
in (wo states. In the solid oroered state at lower temperature,
lhe hydrocarhon chains 01' the moleculcs rotate about their
axcs nUl are rigidly al¡gncd. At highcr lcmperalure, a Iiquid-
crystalline or disordcrcd state is formed in which lhe chains
have a Iiquid-Jikc llcxinilily. Raman scaltcring and FfIR are
powerful and non-invasive techniques to explore lhe organi-
zalion 01' biological moleculcs. Thcy provide informations
about the thermolropic stale transilion occurring in surfac-
lants. in lipids or in modelmcmbranes.

Raman speclra were studied in the 2750-3050 cm-1 and
1000-1200 em-I ranges. Analysis of Ihe 2750-3050 em-I

region. whieh includes lhe conlribulion 01' Ihe methyl ano
I11cthylcnc eH strclching modes and Fermi rcsonances aris-
ing froI1l interaclions 01' lhe CH:2 slrelching modes wilh lhe
(lvCrlOnes nI' lhe CH1 hcnding modes (1430-1460 cm-I).
provides infonnalion on Ihe perturnations arising in the hy-
drophobic cme 01' lhe memhrane and on lhe chain pack-
ing. In this region we observe two main bands al 2850 and

2880 cm-1 which are lhe symmetrical and antisymmetrical
CH, slrelehing modes respeetively. The 1000-1200 em-1

region ineludes the antisymmclrical (1060 cm-1) ano sym-
metrieal (1130 em-I) C-C slretehing modes (skeletal modes)
and providcs informalion on lhe inlrachain disorder with Ihe
hand al 1098 cm-I rcpresentutive of gauche nonos.
The use of FTlR speelroseopy. and Ihe analysis of Ihe

strctching modes 01' carhoxyl groups (IG50-1800 cm-l) and
phosphate and N+ (CH:¡)" groups (900-1300 em-1) of DPPC
Illultilayers has allowed us lO charaClerize the pcrturnations
induced hy Las-Na in lhe polar and intcrfacial rcgions of the
memnrane. Bands arising fmm the interfacial and polar re-
gion providc importanl informalion concerning bilayer hy-
dralion. In this analysis, lhe ester C=O hand of DPPC is
parlicularly uscful heeause it is composeo of two overlap-
ping bam.ls ncar 17.1{)¡¡nd 1727 cm-l. It was originally sug-
geslcd lhal lhey rcsull from lhe sn-1 and sn-2 non-equivalenl
C=O groups ['21]. Ncw experimcnts have shown the high fre-
quency hand may represcnt "frcc" C=O groups. while Ihe
lower frequency hand arises from hydrogen bonded C=O
groups [221. Thc DPPC ahsorption spectrum exhinits also
lwo main features wilh maxima al 1242 and 1091 cm-l.
Thcsc hands are attrihuled respcctively lO lhe antisymmcl-
rical ano symrnelrical slrctching modes al' phosphale groups.
Another signal appcars as a shoulder at 1065 cm-I and is
prohahly due lo Ihe R-O-P-R. vihralion [23]. The band al
I IG8 CI11-1 ami lhe shouloer al 1180 cm-1 are due lo Ihe C-
a single hond slrclching mooes in the non-planar conforma-
lion of lhe C-C(=O)-O-C group rcspeetively [24]. A band
near 970 em-I is due lo the choline vibration v[N+(CH3h J.

It is known Ihal hydralion of DPPC [26-29] with me-
ehanical agitation in exeess water produces a suspension
of "onion-likc" Illullilamcllar vcsicles lhal undergo a sharp
order-disordcr transilion at 41°C. \Vhen melting occurs. the
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FIGURE 3. a) Temperature profile of DPPC and DPPClLas-Na 10: I molar ratio in water al pH 6, constructed from the ha8o/haso ratio. b)
Tempcralure profile of DPPC and DPPC/Las-Na 10: I molar ratio in water al pH 9, constructcd from the 12880/12850 ratio.

antisyrnmetrical methylene eH strctching mode intcnsity dc-
creases in relarion 10 the symmctrical aoc. Thc peak hcight-
intensity ratio Iz88o/Izs5o measures lateral ¡ntecactioos of ad-
jacent chains and pcrmits lo characterize the chain pack-
ing and pcrturbations induccd in the Iipid chain organiza-
lion. Al the same time, changes occur in the C-C stretching
modes region. At temperatures ahoye Tm, the symmetrical
and antisyrnmelrica! C-C stretching modes hecome smaller
Ihan the banu uue lo gauehe conformalions [28]. The peak
height ralios 11069/11098 or 11128/11098 thereforc renect the
trans/gauche isomerisation along the Iipid chain.

For all the mixtures studied, in arder to have quite
clear figures, we do not present the results at differ~
ent concentrations. Only the temperature profiles of DPPC
and DPPC/anlihiotic at 10: 1 molar ratio constructed with
h88o/1z85o peak intensity ratio are presented. The results con-
ccrning the C-C stretching modes are summarized in the Ta-
hles I anu 1I.

We first present and discuss our experimental resulls
aboul DPPC mouel membranes in uilTerenl waler solu-
tions containing DPPC/antibiotic mixtures, then results about
CTAB/antihiolic solutions.

J.1. Raman speclrum of DPPC/Las-Na model mem-
bromes

3.1.1. Soluriolls in water al pH 6

Figure 3a reprcscnts lhe tcmpcralure proflles forrned from the
1'''°/12850 ralio, for DPPC and DPPClLas lO: I molar ralio in
water at pH 6. As shown on this figure and in accorda'nce with
previous results [28,29), lhe pure DPPC in waler al pH 6 un-
dcrgocs two transitions, Ihe first onc al 35°C (the so-caBed
prctransition) and a cooperative transition found at 41°C ({he
main transition). Although the Raman intensity parameter is
not very precise, a small discontinuity is always observed
Ilcar 3SoC. This transition involvcs a change from the larnel-
lar gel (L~,) lO Ihe so-called rippled (P~,) phase. The sec-
ond one is from lhe ripple lo Ihe nuid liquid eryslalline (La)
phase. Al IO'C lhe 12880112850ralio equals 1.35 anu Ihen ue-

TABI.E l. Pcak hcight intensity ratio of the skeletal vibration modes
in Raman scallering helow and ahoye the main lransition for the
different DPPC/Las-Na samplcs and main transition temperatures.

Samples h06s/11O\l8 11128/11098 Tm
35°C 44°C 3S"C 44"C ("C)

DPPC/water pH 6 1.25 0.86 1.02 0.53 41
DPPC/water pH 9 1.25 0.79 1.00 0.48 41
DPPC/Las 50: I water pH 6 1.21 0.81 1.00 0.64 41
DPPC/Las50:1water pH 9 1.15 0.85 1.05 0.51 39
DPPC/Las 28: I water pH 6 1.12 0.81 0.86 0.63 38
DPPC/Las 28: I water pH 9 1.03 0.84 0.72 0.60 38
DPPC/Las 10:I water pH 6 1.03 0.94 0.67 0.66 37
DPPC/Las 10: I watcr pH 9 1.02 0.82 0.60 0.50 38

creases lo nearly 1.1 at the pretransition, and remains con-
slant till the main transition. The ratio remains constant al
0.90 aboye the main transition.

With Ihe auuition 01' the antibiolic. al pH 6. lhe prelran-
silion of lhe DPPC multilayers is nol observed for any of lhe
molar ratios. The main transition temperature Tm practically
lhe same as DPPC in waler al pH 6 for lhe 100: I anu 50: I
lipid/Las-Na molar ralios bUl is redueeu by - 3"C for the
28: I lipiu/Las-Na molar ratio and redueed by 4°C for lhe
10:1 molar ratio as we can see in Table 1. This effcct has
alreauy been shown by DSC [19). In lhe temperature range
hclow the main transition (l0°C-40°C). lhe addition of the
antihiotic causes a significant decrease in lhe inlensity ratio
lhe 1'880/1,g50 which drops, al 10°C from 1.3 in DPPC lo
LO in the mixlures and al 35'C from 1.1 lo 0.9 for all con-
centrations. At temperatures aboye the rnain transition, this
ralio is nearly 0.75 for all DPPC/Las-Na mixlures. signifi-
cantly smaller Ihan lhe ralio obtaineu wilh DPPC in water
(0.90). Addition of Las-Na in Ihe DPPC multilayers increases
slightly the proportion al' gauche bonds for tempcratures he-
low the order-disorder transition Icmperature as it can be seen
with the intensily ratios given in Tahle 1.Above the main tran-
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FIGURE 4. :1)Tcmpcrmurc protilc 01'DPPC Jnd DPPO~1on.Na 10: 1molar ratio in water ni pH 6. constructcd fmm Lhe b8so/bsso ratio. b)
TClllpcralurc profilc 01' DPPC and DPPClMon-Na 10: I mol"f ralio in w,ller aL pH 9. constrllclcd fmm lhe 128.!lO/hs50 ratio.

silioll, Ihe inlcnsily ratios are nol very diffcrcnt from thosc
,,1' pure DI'PC. The anlibiolic slrongly perlurbs lhe DPPC bi-
layer \\'ilh :In ¡nerease of lhe lluidity ahoye and hclow lhe
l1lain lransilioll.

3.2. Raman spectrum of I>PPC/l\lon.Na rnodel rnem-
Inanes

3.2./. So/urion.'I;1I water {/f pJ-{ 6

3./.2 .• )'''/lItiOIl iJl H'ateraTl,H 9

Figure ~h rcprcscnls lhe IcmpcraLufc profilcs f(lrI11Cd fmm l!le
l:!xxoll:!H~,CJratio ror DPPC ami DPPC/Las-Na 10: I Illolar ra-
lio in \\/al('r al pH Y. \Vc can ohserve thut no strong change
appears on lhe pure DPPC protile except Ihat the pretrunsi-
¡ion is not ohservcd. Thc tr~msition lcmperalure is lhe same
as in waler at pH 6 as observed hy previous results [22,30).
The chain pal'king ahoye lhe main transition as ohserveo on
the tempcraturc proflles is not slrongly modificd hy thc pH
changc. Thc Irans-gauche isomerisalion as rclleCled hy the
IllJ(;~/IIll!J~ ratio is nol really modified (Tahlc 1). As ohscrved
by Barlllcci ('r (l/. I;~lJ, a smulllateral cxpansion of (he lirids
l'<In lll'Cur tlue 10 a scrcening cflect. This expansioJl induces
tlle hydrocarbon chains to tilt already in the gel statc, and Ihis
could he the reason ror the ahsence of the prelransition,

As we can scc on Fig. 3h and in Tahle l, perturhations
01' DPPC bilayer also exist at pH 9. The main transilioll tem-
poralure is reduced by 2°C 1'01 lhe 100: I aud 50: I lipiel/Las-
Na molar ralios. In all cases no prclransilion is ohserved. For
bolh 28: I ano 10: I molar ralios the main transition temper-
¡Hure is rcduccd by 3°C and strong rerturhations appear in
Ihe chain packing of lhe Iipid-anlihiotic mixlures. Bclow Ihe
rnain transilioll. at 35°C, the the 12H80/118."",O inlensity ratio is
llear 1 anJ drops to !lear 0.9 ahoye Ihe main Iransilion lem-
peralure fOl"the two lowest concentralions ¡¡nd 10 0.8 ror Ihe
highest (,;onccntration. Bclow lhe main transition lile rropor-
lion of gauche conformers rcmains higher ror Ihe samplcs
cOlllaining Las-Na lhan for pure DPPC solution.

lt Illusl he nOliccd Ihar aboye the Illain rransilion lhe
118~IO/I:HI:;O ratio is lhe same for pure DPPC and Ihe 50: I and
28: I molar rarios. Thc strong perturbation still exists in lhe
gel rhase huI not exist in Ihe ¡¡quid crystallinc phase cxcepl
for Ihe highesl Las-Na concentration (10: I molar ratio).

A quite JilTcrenl hchavior is found with OPPC/Mon-Na mix-
tures. As \Ve can see 011 Fig . .:la. the mzlin transition tempcra-
lUre is the Sílllle as DPPC ror all conccnlrations.

The 12IHW/11X;-;O ratio rOl"lhe samplcs 50: I and 28: 1 is near
1.2 at lDoC. and goes lo (J.!) al 35°C and 0.8 at 45°C while
1'01 lhe lO: I sample il is l.l al ¡O°C, goes lo l.O al 35°C anel
to 0.8 at ,t5°C. In lile lo\\' (Clllrcrature rhase it seems thar the
higher concenlraled sample inJuced a stronger perturbation
than the other samples. In the high lemperature rhase (liquid
crystalline rhase), lhe chain packing seems decreasc slightly
ror aH samples with rcspcct lo DPPC. No differcnce in the
trans/gauchc isolllerisalion is ohserved belween the differcnt
samples (Taole 11).

3.2.2. SO/lItio""";1I 1I'0ter lit /,JI 9

At rH 9 (Fig -lb), the Illain transition is still the same as
rure OPPC at rH 9 and the pn:lransition is not observed. The
11880/I2H;>O ratio is 1.2 al l(J°C. nearly 1.1 at 3SoC and (}.!) at
45°C ror all cOll(,;cnlralions.lnlhc high lcmperalure rhase lhe
chain packing is quite higher lhan in waler al pH 6 and iden-
lical 10 the pure DPPC one. As Illenlioned aboye al pH 6, no
Jifference is seell in the lranslgauche isomerisalion at pH 9
(Tablc II).

3.3. Infr.ared ahsorption spectrurn of DPPC/antibiotics
mixtures

The infrared abSOI"plioll spc(,;trulll in the 1300-900 cm-1

spectral range is uscd to monilor the vihrations associateJ
wilh the phosphale and dlOline groups in Ihe polar part of
lhe mernhrane. t\lndilicalion of the pH nf lhe water solution
docs not significantly change Ihe infrared ahsorption spcc-
Irulll of DPPC neilher in Ihis rcginn nor in lhe polar part
(lSOO-lG,jO cm-I) (spcctrum no! shown).
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TABLE 11. Pc¡¡k height intensity ratio of [he skclcwl vihration
modcs in Rarmm scattering bclow amI aboye {he main twnsilion
for ¡he diffcrenl DPPC/Mon-Na sarnples and main transition tCITl-

pcraturcs.

Samplcs 1.068111098 h128/11098 T",
35°C 44°C 35°C 44°C (oC)

DPPC/wa'er pH 6 1.25 0.86 1.02 05) 41

DPPC/wa'cr pH 9 1.25 0.79 1.00 0.48 41

DPPC/La, 50; 1 water pH 6 1.15 0.78 0.99 0.52 41

DPPC/Las 50: I water pH 9 1.21 0.80 1.0 I 0.51 41

DPPC/Las 28: 1 water pH 6 1.15 0.82 1.00 0.55 41
DPPC/L.1S 28: I water pH 9 1.20 0.91 1.16 0.55 41

DPPClL ••s 10: I water pH 6 1.12 0.77 0.99 0.60 41

DPPClLas 10: I water pH 9 1.19 0.80 1.01 0.56 40

..
<

FI(lURE 5. Infrarcd ahsorplion spcctmm in the 1300.900 cm-I rc-
gion of DPPC (fulllinc). DPPC/Las-Na 10:I (dottcd I¡!le) in pH 6
water solution in lhe high tcmperature phase (47°C).
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FH;URE 6. a) Tempcmture profiJe of CTAB and CTAB/LasalociJ in water at pH 6. for CTAB/Lasalocid 50: 1. 20: J. 10:1 and 5: I molar mtios,
conslrucled from (he IzS80/b850 ralio. b) Tempcrnlurc prolilc 01' CTAR anJ L"TAll/Mollensin for CfAB/Moncnsin 10: 1 molar ralio in water
al pI! 6. conslrucled from the )'UIlIO/I:l850 mtio.

\Vilh addition 01'anlihiolics, al pH 6 ami at pH () ror all
molar ralios, no change is obscrvcd comparcd to DPPC water
Solulion in tlle inlerfacial region of the phospholipid IllCIll-
hranc with hoth antihiolics. But, very small changes are oh-
ser ved in lhe polar region (Fig. 5). These changes concern
Ihe shoulders near 10G9CI11-1 (R-O-P-R' group) and !leal"
1180 CI11-1 (C-C(=O)-O-C group) only for DPPC/L¡¡s-N¡¡
mixlures. Inlensily of hoth vihrations is concelllralioll depen-
dent. The inlensity decreascs as lhe conccntralion 01"antihi-
olie increascs (spectrum not shown).

,••..c have roulld Ihe transition al 18°C for the 10: I molar ra-
tio and at 11°C lúr lhe 5:) molar ratio. \Ve do not observe
importanl eh<lllges 01"lhe intcnsily ratio in the low and high
lempcralurc phases eOl11paredto pure CTAB Solulion.

\Vilh Mon-Na, al pH 6, we do not ohserve any change
in the transilioll lemperalurc rol' lhe IWD highest molar ralios,
hut wilh I():I and 5: I molar ratios the lransition lempcralurc
is shilh.'d 10 ::n oC (Fig. 6h). Chain order is the sal11eas in
CTAB solutioll at low and high lcmperatures.

Al pH <J, \\le do nol ohscrve any signifkant change wilh
the rcsulls ohtained at pH 6.

J.4. Haman spectrum ()f CTAU/antihiotics solutions

On Fig. 6a, we can scc thc results oblained with CTAB/Las-
Na solutions at pH6. At 50: I molar ratio we do nol ohserve
;lny eh.mge compared with Ihe profile of apure SolUlion (JI'

CTAll, Ihe lransition temperaturc is near 23°C. \Vhcn tlle
conCl.::nlrationof antibiotic increases, lhe transition lcmper-
alme is shifted to low tCl11pCr<llures.At higher eonccntration

4. DisClIssioll

Tlle main n::sult nI' lhis work is that lhesc two Illolccules hc-
longing 10 lhe s;¡mc group of antihiotic ionophores have nol
lile samc clreel on in vilro biological rnernhranes. A careful
ohscrvatinn 01' the experimcllt;}1 results and lhe structure 01"
hoth Illolcculcs may provide a c1uc lo this hehavior.
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In DPPC. Ihe large molecular area 01'phosphorykholinc
a1l0\\'5 an cxpansion of lhe hydrocarhon chain matrix in the
liquid crystallinc statc withoul disruption 01' lhe hcad.group
lattice. In prcscncc nf cxccss water, lhe two-dimensional
hcad-group contac! no longcr cxiSlS hccausc waler 11101ccuics
can :Iel as spaccrs Illolecules forming lateral hridgcs hctwccn
tlw hcad-groups 1321. 1I IllCallS thal in (he liquid crystallinc
phasc 01' DPPC, the valuc of 0.90 for lhe 12H!'w/l:!H;JOra-
tio characlcrizcs this two-dimensional arrangcll1cnl. Thc fael
that \Ve found a lowcr value (0.75) for DPPC/Las-Na salll-

pIes al pH h and 9. value very ncar 01' thal ohtaincd wilh
[¡quid alkancs or surfactant miccllar solulions. SCCIllSlo in-
dicate lhal hydroearhon ehains have more spacc lhan in pure
DPPC solulion and rhal lateral interchain inleractions de-
crease. Below Ihe order-disorder transilion, a strong pertur-
halinn nI' lhe chain packing is also ohserveJ. wilhout mndifi-
cation 01' lhe infrared ahsorption spcctrum excepted on Ihe
"ihr"l;on,,1 h"nds due lo Ihe R-O-P-R' "nd C(=O)-O-C
grollps. Wilh Lasalncid. lhe shift 01' lhe main lransition lem-
pcr:lIure is cOIH.:cnlration dependen!. AlIlhcsc rcslllts sllggesl
thal L:ls:llocid Illolccules are inside lhe hydrophohic core 01'
Ihe DPPC Illl'lllhrane and interaet wilh DPPC lIloleclIles. This
inleraclion Il1:1Ynccur oelween lhe laleral hydrophohic chain
01"l.asalocid :Illd lhe DPPC chains. This inleraclioll lIlodifles
lhe hcad~grollp Iallice and causes an cxpansion nI' lhe hydro-
carhon chain malrix which shifts the rnain transition to lower
lemperaturcs.

As we have seen. lhe tluidity of the gel phase is grcaler al
pH 6 lhan at pH 9. At the sarne lime, the numhcr of gauche
conforlllers is smallcr at pH !) than at pH 6. These results
sllggl'st a possih1e change in lhe confnrmalinn 01' Lasalocid.
This could he possihle by lhe libcration of lhc cation and the
elongalion 01' lhe Lasalocid molecules. In lhis case, lhe Las
IIH)lecu1es sray in Ihe hydrophobic core of lhe I11cmhrane with
lhe C()O- group !leal' lhe interfacia! region and produce a
conrorlllalional change of lhe DPPC hackholle which is oh4

sel"ved hy Infrared ahsorption. This is in agreelIlenl wilh the
results 01' f laslIlonay et al. [17] which have shown, using sur-
faee pressure lechniques, that Las-Na molecules have an ef-
feel nn Langmuir l1Ims of DPPC.

The samc situation would occur wilh CTAB rnieclles
whcre Ihe Iransition temperature is lowered whcn the ('on-
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cenlralion oí' Lasalocid is increased. The local ehanges in the
surfaee eharge of the micellcs eould be the cause of the ag-
gregation process aboye ll1enlioned.

Sinee the results are very differenl. we must supposc Ihat
tvlonensin has no! Ihe same local ion as Lasalocid. Following
l,,;n "",1 \V" 1:131, s;nce Ihe lIlelhyl end region 01' Ihe Iip;d
hilayer is in relalive slale 01" disorder. a molecule loealized in
Ihis region would have lillle 01' 110 ellect on the Iransilion pro-
file. Thus, rvlonensin lIlolc('ulcs would he very deeply huried
in Ihe hydrophooic ('ore 01' the JIlembrane probahly bctween
lhe lerminal Illelhyl grollps nI' each monolayer. It wOllld be
(he same with CTAB micelles. Hnwever this location of Mo-
nensin moleeules docs nol explain why these molecules are
not soluble in <Inionic surfaetants and how {he aggregation
proeess we ooscrvcd in CTAR solutions occurs. If Monensin
l110lecules penelrale dceply in the hydrophobic eore lhese ef.
fe('ts would nol e.xisl. un the conlrary. these effeets would he
in agreemcnt wilh a Itlolecule near the polar 01' the interfacial
rcgions 01"Ihe I¡pid.

It is knowll lhat slahilily conslanls 01' Monensin COIll-
plexes are relativcly 1Il1lch higher than lhose of Lasalocid in
lhe same solvenls. Thc smaller Lasalocid moleeule is less sta~
hlc lhan Moncnsin lIlolccule [:l.t]. The Monensin molecules
would be near lhe inlcrfacial region 01' the membrane proh-
ahlv in a neutral form lo prevent any bonding with the po-
lar Jhead 01' the Iipids. The interaction would he elcclroslatic
explaining the ahscnce uf Illodi'icalion of lhe thermntropic
properties of lhe DPPC mClllbrancs and CTAB micelles wilh
Moncnsin.

In any case. as the ch:mges observed are very small at
relalively high eOllccntralions. al physiological levels. nOlle
01' the anlihiotics produce scnsilive modifieation 01' the ther-
mOlropic properlies 01"hiologicallllembrancs.
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