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Abstract

In this paper the evaluation afs phospholipids geometry protection from the thigbical
isomerization in the presence of common antioxsl@studied. Thus, large unilamellar vesicles
(LUVs) of glycerophospholipids containing oleateiet@s were used as biomimetic model to
demonstrate that hydrophilic ascorbic acid andeyrahd hydrophobic attans retinol acetate
and a-tocopherol, are able to inhibdis-trans isomerization from the thiyl radicals that are
known to react as efficient isomerizing speciese $kinergistic effect obtained by a mix of the
hydrophilic and hydrophobic antioxidants iatvivo concentrations is also proved to exert an
extraordinary protection for the integrity @f lipid geometry.
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Introduction

Lipids are a group of molecules with a wide struaftudiversity, classified together for their
insolubility in water' The primary building blocks of most cell membrare® glycerol-

phosphate-containing lipids, generally referred as phospholipids. Naturally occurring
unsaturated lipids, e.g. mono- and polyunsaturttty acids (MUFA and PUFA), are known to
have double bonds in theés configuration. The isomerization of tlees double bond present in
MUFA and PUFA residues of membrane phospholipidfi¢ocorresponding thermodynamically
more stabldrans isomers is one of the lipid structural changes tzet attracted the interest of
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diverse research areas in the last decade. Geonsgimerism has become a topic of research
involving several disciplines, such as microbiolpoghemistry, biochemistry, pharmacology,
nutrition, and mediciné&?®

Sometrans fatty acid residues found in living organisms aany be formed through an
endogenous transformation of the natural occurdisgconformation, and their presence has
been correlated with radical stress under physicédgnd pathological processésSeveral free
radicals, including the biologically relevant thigdicals (RS¢#f and nitrogen dioxide (sN£?
are known to isomerize double bonds. Scheme 1 shbegeaction mechanism, involving
reversible addition of a radical Xe to the doublent to form a radical adduct (Ae). The
reconstitution of the double bond is achieved Mglimination of Xe which favourdrans
geometry’®t

X H R2
Xc + 7\l E H%% S Xu + /=/

Rt R? Rl YR2 R1

(A*)
radical intermediate

Scheme 1Reaction mechanism for tloes-trans isomerization catalyzed by Xe radical.

Based on biomimetic models, mostly using 2-mexetbpanol (MSH) as the thiol, the
isomerization has been correlated to the formatibdiffusible thiyl radical (RSe), which are
able to move from the aqueous compartment and réaehhydrophobic lipid bilayef™®
Recently, it has been shown that biologically rat@vthiols (such as glutathione) are able to
induce ds-trans isomerization of the double bonds in unsaturatety facids***3®!’ Among
biological relevant sulfur species, hydrogen selfi(H,S) is a natural occurring gas with
interesting roles in nervous and cardiovasculatesys and in pathological conditions such as
inflammation. Chemically, the reactions of the diesp S-centered radicals formed fromSH
were studied using liposomes as biomimetic modedle¢d, the use of vesicle suspension
demonstrates the potential of sulfhydryl radicasS{/S¢) derived from HS to reach the
hydrophobic compartment of fatty acid and attacklde bonds, thus producing phospholipids
containingtrans-fatty acid residue¥ In humans, the relevance of lipits-trans isomerization is
still to be clarified, sincerans-fatty acids were considered only to derive fromogenous
sources. In factrans-fatty acids can be taken from the diet, partidyl#trough food like meat,
milk, and partially hydrogenated fats and &it&!° Based on the efficiency of the thiyl radical-
catalyzedcis-trans isomerization, it was demonstrated thiens-phospholipids could be also
formedin vivo under cellular stres$:** The protection of theis geometry is crucial, owing to
the importance of keeping favourable propertiexaf membranes deriving from the fluidity
contribution by the bent unsaturated lipid struesdf**

Using biomimetic models ofis-trans lipid isomerizatiort,®'° we were interested in the
protection ofcis lipid geometry from thiyl radical attack by commamtioxidants. Thus,
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dioleoylphosphatidylcholine (DOPC) vesicles werepared, whilex-tocopherol (ArOH), all-
trans-retinol acetate (retinol), ascorbic acidOepalmitate (AAP), ascorbic acid (AlHand urate
(UH3) were used as thiyl radical scavengers (Figuré&di).this reason, two different methods of
liposomes (LUVs) preparation were used; methanwmijection as the method of choice to
incorporate defined amounts of lipophilic antioxta (AAP, ArOH and retinol) into the
liposomes, whereas with hydrophilic antioxidant$ifAand UH) both extrusion and methanolic
injection methodology can be used. We observed tatability to scavenge thiyl radicals
generated by-radiolysis in aqueous vesicle suspensions incseakeg the series ArOH <
retinol < UH; < AH,, a different order to that observed in organicugsohs or using
multilamellar vesicles (MLVs) described in previcstsidies’>?? The proposed anti-isomerizing
activity is based not only on the relative chemresictivity of the antioxidants, but also on their
partition coefficient,i.e., the localization of the free radical scavengershe aqueous or lipid
compartment.
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o-tocopherol _ OAc R=H, ascorbic acid urate
(vitamin E, ArOH) all-trans retinol acetate (vitamin C, AH,) (UHy)

Retinol . . .
( ) R= C4gH33CO, ascorbic acid 6-O-palmitate

(AAP)
Figure 1. Hydrophobic and hydrophilic antioxidants.

Results and Discussion

The chemical process of thiyl radical-catalyzedns formation of biologically relevant
molecules has increasingly attracted the intereseweral scientific groups in the last years. A
variety of radical scavengers have been proposathtbit most of the hurtful free radicals. For
example tocopherol, carotenes, retinoids, urateasodrbic acid have been studied as scavenger
of the lipid peroxidation proce$3?° However, most antioxidants are known to react \fiill
radicals and generate the corresponding thiol gramic or aqueous solutiohs® In a previous
study, using MLVs as model moieties in which théaadants were incorporated, the inhibition
of the isomerization process attributed to antiarid increased in the order @tocopherol <
ascorbate < alfrans-retinol acetate. In those experiments the sameuataf the antioxidants
was used and the thiol/antioxidant molar ratio vedways 150:F' Herein, thecistrans
isomerization of fatty acid residues in LUVs byythiadicals in the absence and presence of
various antioxidants has been extensively studretithe data have been rationalized based on
kinetic data available in the literature from putséiolysis?>*? Using the methanolic injection
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method, it is possible to affect the liposome ¥iznd in our experiments the preparation of
vesicles was performed to reproduce the same dizeesicles obtained by the extrusion
technique, ascertained by Dynamic Light Scatte(digS) measurementS.It was gratifying to
find that similar dose profiles of th@s—trans isomerization by HOCBFCH,Se radicals (MSe)
were observed for extruded DOPC vesicle suspensidded with 1.2 M MeOH and vesicle
suspensions obtained by an appropriate methandlP® injection in water (dashed line in
Figure 2). The methanolic injection was used asntte¢hod of choice to incorporate defined
amounts of lipophilic antioxidants in the liposomé#&/ith hydrophilic antioxidants, both
technigues can be used since the antioxidant iscadffer liposome formation, and gave similar
results (see Experimental Section and Supportifagriration).

The use of an amphiphilic thiol, such as 2-memejbtanol (MSH), eliminated the concern
about the partition of this substrate between hgldobic and hydrophilic regions. A 2.2 mM
DOPC vesicle suspension in phosphate buffer (pebijaining 1 mM HOCKCH,SH (MSH) in
the presence or absence of an antioxidant was asaturwith NO prior to y-radiolysis.
Radiolysis of neutral water led to the transierécigs shown in eq . The presence of 4
efficiently transformed hydrated electrons into #H®-« radical (eq 2k, 9.1 x 10 M™s™).
Hydrogen abstraction from 2-mercaptoethanol by ta@d He directly produced thiyl radicals
(egs 3 and 43 6.8 x 18 M's™ andks 1.7 x 1§ M™s™). Both HO+ and Hs species can also react
with methanol (egs 5 and B 9.7 x 18 Ms* andks 2.6 x 18 M's") increasing finally the
amount of thiyl radical via a hydrogen abstractiom the resultingx-hydroxy methyl radical
and the thiol (eq 7" In the presence of an antioxidants thiyl radi¢d$+) can be trapped or
reduced to the corresponding anion/protonated faam,described below (eqs 8-11). After
irradiation, lipid isolation and derivatization the corresponding fatty acid methyl esters,
followed by GC analysis, allowed tleis/trans ratio to be determine(.

HyO ] » €aq + HO'+ H )
H,0

€aq + NJO ——= N, + HO' + HO 2)
HO + MSH —— MS + H,0 )
H+MSH —— MS + H, )
HO + CHzOH ——= CH,OH + H,0 (5)
H + CHsOH —— CH,OH + H, (6)
MSH + CH,0H —= MS"+ CH3OH ™

All the reactions were monitored by GC and quattie determination was performed so
that thetrans isomer (elaidic acid) was ascertained as the prdguct of the reaction under the
conditions used. The disappearance of oleate redidorresponding to the formation of the
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elaidic residueys dose of irradiation in the absence of antioxidartO min irradiation is shown
in Figure 2 (dashed line). In analogous experimantie presence of different concentrations of
vit-A (red lines) and vit-E (blue lines), a sige#int inhibition on the&is-trans isomerization was
observed based on theis residue disappearance. For both antioxidants, tifterent
concentrations have been used 0.02 mMA) and 0.06 mM ¢,0). As shown in Figure 2, the
inhibition is strongly dependent on the concentraibf each antioxidant, with the retinol to be
more efficient scavenger than the ArOH for thelthaglical.

100
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residue 60 1
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Figure 2 Disappearance of methyl oleate residue in DOPQclessunder Gamma-radiolysis
(10.2 Gy/min) with 1 mM mercaptoethanol, in theelre (dashed line) and in the presence of a)
all-trans retinol acetate: 0.06 mie}, 0.02 mM (A); b) vit-E: 0.06 mM ¢), 0.02 mM {); the
lines are interpolated from the data.

As far as the model membranes are concerned, DI@Rf@ unilamellar vesicles were
prepared by both methodologies (extrusion and mell@ injection), to whom the two
hydrophilic antioxidants vit-C (Ab) and urate (Uk) were added. Radiolysis experiments were
carried out as described in the previous sectiod,the results are shown in Tables and Figures
S2 and S3 in Supporting Information. Again, theibitton was strongly dependent on the
concentration of each antioxidant, with Arhore efficient scavenger than the Lfdr the thiyl
radical, especially at low radiation doses (seeldaland Figures S6 and S7, in Supporting
Information). Based on the amount of ttie-trans isomerization at initial reaction times, both
hydrophilic antioxidants were more active than lipephilic ArOH and retinol (see Supporting
Information). This indicates that thiyl radicalsngeated in the aqueous phase by the primary
water radicals from mercaptoethanol (MSe) are iddedficiently scavenged at this level,
limiting the species able to diffuse into the limdmpartment and catalyze the isomerization of
the double bonds. Under these biomimetic condititims inhibition of the isomerising process
due to antioxidants increased following the orderitC > urate= retinol > a-tocopherol, in
contrast to that observed in solutfdnThis behavior, compared also with the results of
hydrophobic antioxidants (vit-A and vit-E), alsoid@nces that the protection is based not only
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on the chemical reactivity of each species, bui als the localization of each antioxidant in the
two-phases system represented by liposomes anccsohthe cellular compartments.

Moreover, the water soluble vitamin®Cbecause of the firsti value of 4.04° exists at
neutral pH as ascorbate monoanion {KAvhich is generally accepted to act as a strong
antioxidant compared to the protonated form of esicoacid (HA).***” Until now, long-lived
tocopheroxyl and persistent nitroxyl radicals hdeen employed as probes to assess the
interaction of oxidizing species at liposome iraed by using transient absorption and EPR
spectroscopy. In parallel, Fluorazophore-L, an kkzwee moiety has been used as a fluorescent
probe for reactive radicals in membrane systemsttier determination of the vit-C role as
antioxidant of the lipid radicaf§ Herein, we usedis-trans lipid isomerization of DOPC vesicles
as biomimetic model for the evaluation @$ phospholipids geometry protection from the thiyl
radicals by vit-C in different pH values. For tihkason separated experiments were carried out at
different pH values (pH 3, 5, 7 and 9), in the pres of 2.2 mM DOPC, 1 mM MSH and @I
of vit-C. As shown in Figure 3 (A), the efficienoyisomerization of the DOPC vesicles by thiyl
radical (MSe) in the presence of vit-C was influeddy the pH conditions: it increased slightly
when the pH value increased from pH &d), to pH 5 (A,A) and to 7 &,0), and was
substantially higher at pH 9,0). The dashed line corresponds to the average vaaken at
different pH values (see Supporting InformationheTslight decrease of vit-C inhibition of the
cistrans lipid isomerization observed at pH 3 for DOPC lipowes, demonstrated that the
protonated form Akl (pKa 4.04) is less active than the correspondimgaanion AH, which
predominated at pH 5 and 7).
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Figure 3. Disappearance of methyl oleate residue in DOP@hess(2.2 mM) under gamma-
radiolysis (10.2 Gy/min) with 1mM mercaptoethanslthe thiyl radical source, in,8-saturated
flushed phosphate buffer solution, in the absedesHhed lines) and in the presence of 0.06 mM
of (A): vit-CatpH 9 ¢), 7 m), 5 (A) and 3 ¢), and (B): urate at pH 9), 7 (0), 5 (A) and 3¢).
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To evaluate the influence of urate under the saeaxtion conditions, DOPC vesicle
suspensions were irradiated in the presence of M6t UH. Figure 3 (B) shows the dose
profiles of methyl oleate disappearance in LUVgha absence (dashed line), as well as in the
presence of 6@M of UH; at different pH values. The inhibition of the isemzation process
owing to presence of UHs similar to that observed with previous hydrdighantioxidant AH.
However, the substantially low inhibition effect ofate on thecis-trans lipid isomerization
observed at pH 3, demonstrated that the protorfated of UH; (pKa1 5.4 and Ka2 9.8 for the
UH3)*®*%is less active than the corresponding deprotonfated UH,” which predominates at
pH 7 and 9. Our results suggest that deprotonat@éties of vit-C and urate (AHand UR)
essentially form a protective barrier for the déifon of reactive free radicals through the lipid
surfaces of liposomes.

This finding may also be important to understamel paradox that polar antioxidants (AH
and UH) are more active in bulk oil systems, whereas otarpantioxidants, for example
ascorbic acid -palmitate, are more active in emulsion systéhEhis observation can also be
supported by the direct determination of the asdmei constant or partition coefficient of
antioxidants. Thus, the inhibition of the isometi@a process in the presence of hydrophobic
ascorbic acid &-palmitate (AAP) was investigated under the sameditmns. The antioxidant
activity of the hydrophobic compound (AAP) is swgtally less than the corresponding one
observed with hydrophilic ascorbic acid (QHFigure 4 shows the dose profiles of methyl @eat
disappearance in liposomes in the absence (dastgdds well as in the presence of 8@ of
AAP (A) and AR (D), with the same concentration (M) and pH value (pH 7). It is clear that,
at initial irradiation doses (105 Gy) the hydrophiVit-C inhibited effectively thecis-trans
isomerization process compared to the corresportdydgophobic analogous ascorbic aci®6-
palmitate. This result indicates a correlation leswthe antioxidant activity and the antioxidant

partition coefficient.
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Figure 4 Disappearance of methyl oleate residue in DOP@chess(2.2 mM) under gamma-
radiolysis (10.2 Gy/min) with 1 mM mercaptoetharad the thiyl radicals source, in,G:
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saturated flushed phosphate buffer solution (pHir¥)the absence (dashed lines) and in the
presence of ascorbic acid 0.06 m&) &nd ascorbic acid 6-palmitate 0.06 mMA).

To prove further the protection role of the comnatioxidants of the lipid isomerization
catalyzed by thiyl radical, we studied this prodesthe presence of a mixture of all antioxidants.
Figure 5 shows the dose profile @§-trans isomerization in the presence of two lipophilic and
two hydrophilic antioxidants. In particular, GM «a-tocopherol @), 5 uM all-trans retinol
acetate if), 180uM urate ¢) and 60uM L-ascorbic acid €). The concentrations correspond to
the averagen vivo values* For dose profiles of different antioxidant concatibns see
Supporting Information. In a fD-saturated solution (~0.02 M o£®), g4 are transformed into
HOe (eq 2), affording &(HO-) 0.55umol/J,i.e., HO- radicals and He atoms account for 90 and
10%, respectively, of the reactive species. Inpitesence of MSH, hydrogen abstraction by HOe
and He directly produces thiyl radicals (eqs 3 a)d* The inhibition of the isomerization
process due to the antioxidants can be rationabaefdllows. The lipophilie-tocopherol (eq 8)
has a weaker inhibition effect than #léns retinol acetate (eq 9), although the latter
concentration is 12 times smalfé® At pH 7, the hydrophilic urate and ascorbic acid @
their deprotonated forms Atand UK~ (pKa1 5.4 and a2 9.8 for the UH)*®**? and show much
higher anti-isomerizing activity (egs 10 and 43®**°ascorbic acid being the most efficient even
at low concentrations. Indeed, the MSe radical isnederately strong one-electron oxidant
[E(MSe, H/MSH) 1.3 V] and should oxidize ascorbate to yiattorbyl radicalsg(Ae", H/AH~
) 0.3 V] or urate to yield Upt/UH™ radicals E(UHs", H/UH,") 0.59 V] as it was fountf~*°

MS'+ ArOH—>MSH+ ArO' (8)
MS’ + Retinol>MS-adduct 9)
MS+ AH 5>MS™+ A~ + H' (10)
MS'+ UH, >MS™+ UH™ + H* (12)

The behavior of the compounds in Figure 5 showseoagain that the anti-isomerising
activity toward diffusible thiyl radicals is basedt only on the chemical reactivity, but also on
the partition coefficient and localization of thadrcal scavengers in the aqueous or lipid
compartment. Thus, the ability of thiyl radical geaging in aqueous solution underadiolysis
increases along the seriesocopherol < alkrans retinol acetate < urate < ascorbic atid.
Mixing all antioxidants at the above reported coritions has an extraordinary protective
effect for thecis vesicle. This result is explained as a synergiect between hydrophilic and
lipophilic antioxidants, with additive effects ohemical reactivity and partition coefficients,
which can also occutis vivo and has a crucial role in the protection of treegeometry towards
diffusible thiyl radicals.
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Figure 5 Gamma-radiolysis (10.2 Gy/min) of DOPC was carrmat in the presence of
mercaptoethanol as source of thiyl radicals. Tlaplgrshows the disappearance of methyl oleate
residue in DOPC vesicles (2.2 mM) with 1 mM meroatitanol in NO-saturated flushed
phosphate buffer solution at pH 7, in the absedashed lines), and in the presence of vit-C 0.06
mM (e), urate 0.18 mM«), all-trans retinol 0.005 mM &), vit-E 0.06 mM (A ), and mixture of
them with the above concentrationg.(

Conclusions

Biomimetic studies for the evaluation ofs phospholipids geometry protection from the thiyl
radical isomerization in the presence of commoipaittants were performed. Thus, using large
unilamellar vesicles (LUVs) of glycerophospholipidsontaining oleate moieties we
demonstrated that hydrophilic ascorbic acid andeyt@nd hydrophobic atrans retinol acetate
and a-tocopherol, are able to inhibitis-trans isomerization catalyzed by the thiyl radical
species. In all cases, taking into account thaiggreeration of radicals occurred ppyadiolysis

in the water compartment, the hydrophilic antioxidashowed better anti-isomerizing activity
compared to the hydrophobic compounds, results &énaplify the correlation between the
antioxidant activity and the partition coefficieftetween lipid and aqueous phase. The
synergistic effect obtained by mixing both hydrdghand hydrophobic antioxidants &t vivo
concentrations was also proved to exert an extiaanyl protection for the integrity afis lipid
vesicles. Due to the need of the ligid geometry for eukaryote membranes, it is important
evidence the synergic protection given by commdioawlants atn vivo concentrations, which
becomes crucial for inhibiting lipid isomerizati@mce an alternative enzymatic repair is not
known.
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Experimental Section

General. p-Mercaptoethanol (HOCKCH,SH), alltrans retinal acetate, urategz-tocopherol,
ascorbic acid, ascorbic acid GBpalmitate, and dioleoylphosphatidylcholine (DOP®gre
commercially available from Aldrich (Milwaukee, WUSA), Fluka (Buchs, Switzerland), or
Sigma Chemical Co. (St. Louis, MO, USA) and usetheut further purification. Chloroform,
methanol and isopropanol were purchased from M@ekmstadt, Germany) (HPLC grade) and
used without further purification.

GC analysis for the determination of the isomeatior of the unsaturated fatty acids was
performed at different reaction times. For thissma an Agilent 5860 gas chromatograph
equipped with a flame ionization detector and a ZB<¢olumn (90% biscyanopropyl-10%
phenylcyanopropylpolysiloxane capillary column; ®0 0.25 mm i.d., 0.25-mm film thickness)
was used. Temperature started from 190 °C heldl%omin, followed by an increase of 30
°C/min up to 220 °C, held for 15 min, followed byacond increase of 30 °C/min up to 250 °C.
Methyl esters of oleic and elaidic acids were id&t by comparison with the retention times of
commercially available authentic samples. When sssry, GC/MS spectra were recorded on a
Hewlett-Packard GC 5890 (series IlI) coupled to avld#-Packard mass selective detector
model 5971A.

Continuous radiolysis was performed at room tentpeza22 + 2 °C) using £Co-Gammacell
(Atomic Energy of Canada Ltd., Ontario, Canadajliferent dose rates. The exact absorbed
radiation dose was determined with the Fricke chamiosimeter by taking G(E8 1.61
umol/J*

Preparation and isomerization of DOPC large unilamé#ar vesicles (LUV)

Extrusion methodology. A solution DOPC (31 mg, 0.04 mmol) in chlorofori2 L) was
evaporated to a thin film in a test tube underrgom stream and dried under vacuum for 30 min.
Degassed milliQ water (1 mL) was added, and muitdar vesicles were formed by vortex
stirring for 7 min under an argon atmosphere. Ttaioblarge unilamellar vesicle by extrusion
technique (LUVET), the lipid emulsion was transéetinto a LiposoFast (produced by Avestin,
Inc.) and extruded through two polycarbonate fiiteith a pore diameter of 100 rit**In each
irradiation experiments, an aliquot of the stock B@spension (40 mM) was added to a
phosphate buffer (PB) solution, affording liposodigpersion with a final lipid concentration of
2.2 mM. 1 mL of this final suspension was added atvial equipped with an open top screw
cap and a Teflon-faced septum and saturated witD prior to j~irradiation. HOCHCH,SH
(MSH) (1 mM) and MeOH (40 mM) were consecutivelydad and the suspension was
irradiated. Aliquots of 10@L were withdrawn and processed at different tingspartitioning
between chloroform/methanol (2:1) and brine, exibacand collection of the organic phases
dried (NaSQy), and evaporation of the solvent under vacuunoainrtemperature. The residue
containing the phospholipids was treated with 0.5K®H/MeOH (1 mL), for 10 min at room
temperature and then poured into the brine andaetet withn-hexane. The organic layer
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containing the corresponding fatty acid methyl esteras examined by GC analysis in
comparison with the retention times of authentioglas.

In the presence of hydrophilic inhibitors, suchvteamin C and urate, a suspension of DOPC
(1 mL) was prepared as described previously andexact amount of the stock solution
containing the inhibitors was added. The final loydhilic inhibitors concentrations were in the
range of 20 to 180 uM. The addition volume of theibitors solution was not higher than 25
pL, in order that the final concentrations of lipidnd MSH were kept constant. For this reason,
a stock solution of vitamin C and urate in phosptmtffer (pH 7) were prepared in higher than 2
mM concentration for each one. At lower pH or intevathe urate was soluble in max of 1 mM
concentration. It is interesting to note that at irate was also soluble in higher than 2 mM
concentration, however it was decomposed even afieday, followed by HPLC.
Methanolic Injection. The injection methott®****®was used to prepare DOPC liposomes
containing defined amounts of the lipophikctocopherol, alkrans retinol acetate and L-
ascorbyl-6-palmitate, as inhibitors. Stock solusiomere prepared freshly and based on the
methanol density by weighting the solvent and pméwng further evaporation. Antioxidants
(vitamins) were weighted and the chloroform solagiovere stored in vials at —20 °C for the
duration of each set of experiments. 50 pL of aftlnm containing various amount of
antioxidants were added to 100 pL of a methanatickssolution (68 mM DOPC). The mixture
was evaporated under vacuum for 20 min and thehanet (150 pL) was added. This mixture
(corresponding to 40 mM DOPC) was injected with antiton syringe into 3 mL of
magnetically stirred 10 mM phosphate buffer solutad 40 °C affording a liposome dispersion
with a final lipid concentration of 2.2 mM and awmeoall methanol amount of 4.7% (or 1.2 M).
The final concentrations of the hydrophobic commsuenclosed in the vesicles were in the
range of 5 to 60 uM, therefore with a lipid/vitamratio from 440:1 to ~ 35:1. The suspensions
were left under stirring for 15 min at 4G and another 15 min at room temperature.
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