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ABSTRACT

Sockeye salmon oil (SSO) isone of therichest natural sources of Omega 3.
This oil also contains high amounts of astaxanthin, a strong antioxidant
molecule. In the present work the physico-chemical properties of wild
Alaskan Sockeye Salmon Oil were explored by NMR. The antioxidant
propertieswere assessed by ESR in old mice brain (24 month) after 4 weeks
feeding 100 ul/mouse, 5 Days/Week with Sockeye Salmon Qil. SSO exhibits
interesting physicochemical and antioxidant properties. in aqueous medium,
SSO forms unilamellar or multilamellar droplets, and exhibits specific
interactions with sphingomyelin (lowering of transition phase) and
phosphatidylserine (fluidizing effect) membranes. Preliminary tests performed
on aged mice showed a noticeable enhancement in health status (shinier
fur, bitemarks, weight, explorativeactivity ...) of chronically SSO fed subjects,
while ESR analysis found a decrease in the oxidative stress. The possible
link between health status and a decrease of the local oxidative stressin
brain upon SSO supplementation is discussed in terms of nutriprevention
inAlzheimer disease. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

The conceptsof nutritherapy and nutriprevention
have only been relatively recently recognized asof Sig-
nificant interest inthe prevention or complementary treet-
ment of some pathol ogies by eating specific foods or
food supplements. However, traditiona empirical medi-
cinehad early identified potential benefitsof fish meat
or ail ; for instance, those obtained from Greenland
shark have been extensively usedinthepast for heding
of wounds, physical stresstolerance, and alsoimmune

stimulation and antitumor properties* 21, Such natura
products are known to berich in specific molecules
(e.g. dkylglycerals...), mainly omega-3 fatty acids.
Omega-3fatty acid family isone of the precursory and
most extensively used structuresin thesetherapeutic
concepts. Omega-3 are unsaturated fatty acidswhich
cannot be synthesi zed by human body. Hence, during
thelast decades, many basic and clinical research have
pointed out the role of omega-3 fatty acids as nutri-
tional factorsexhibiting aprotective effect onthede-
velopment of cardiovascular diseases. Omega-3fatty
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acids are thought to prevent cardiovascul ar diseases
by their roleinloweringlevelsof serumlipid®!, and by
their anti-inflammatory, antithrombotic, anti-platel ed-
derived growth factor and antiarhythmic properties. It
wasaso shownthat anincreased intake of dietary fish
or fishail richinlong-chain polyunsaturated n-3 fatty
acids (PUFAS), eicosapentanoic acid (EPA) and
docosahexaenoic acid (DRA), could decreasethein-
cidence of cardiovascular diseases*!. Omega-3 neu-
roactive properties have a so been evoked, e.g.inthe
treatment of Alzheimer’s diseasel®!. Fatty fishessuch
assadmon or tunaareawell known source omega-3i¢!
and are the only concentrated source of
eicosapentaenoic acid (EPA; 20:5 omega-3) and
docosahexaenoic acid (DHA; 22:6 omega-3)"1. The
farmed fish present one of the highest omega 3 level
whereas contain also ahigher levelsof organohal ogen
pollutants (OHP) which could limit thebenefitsof con-
suming fish®) and lead to focused on wild species.

According to such observations, wild Sockeye
salmon oil (SSO) appeared asone of themost interest-
ing natura sourcesof omega-3. Thisoil aso containsa
high amountsof astaxanthin, astrong antioxydant mol-
ecule, implicated in UV-light protection, anti-inflamma-
tory, and other propertiespossbly of interest inthetreat-
ment of diverse human health problems, especially
immunitary or neurodegenerative process®l. Other
mechanisms of action have al so been evoked, such as
interactionswith natural membranes®®-**! or particular
physic-chemical properties*? 221, However, no preci-
sion about the mechanisminvolved wasclearly pro-
posed a themolecular level. Thisled ustoinvestigate
the biophysical properties of Sockeye Salomon oil
(SS0), initscommercial form (Neuromer®), by using
both NMR and ESR spectroscopies, and to undertake
preliminary testson aged micechronically submitted to
dietary supplemented with SSO.

EXPERIMENTAL
Materials

Oil extract from Sokeye salmon (SSO) was pur-
chased by NUTRILY S® Company (Divonne les bains,
France) and used without further purification. Asthis
extract isanatural mixture, the amounts of SSO are
better expressed inthispaper inmg rather thanin mivi
concentrations (even if the apparent density was esti-
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mated at 0.79).

Thisproduct was characterized by NMR (seefig-
ure 1 for peak assignment) *H-NMR pesk integration
and '°C direct spectraand DEPT data, avery coarse
estimation of the mean apparent molecular weight
M#760 was proposed SSO. The corresponding molar
ratioswere not considered whereas W/W ratioswere
used (molecular massfor Dimyristoyl phosphatidylcho-
line, DMPC, is678).

Chemicals. Dimyristoylphosphatidylcholine
(DMPC), Dimyristoylphosphatidylethanolamine
(DM PE), Dimyristoyl phosphatidylserine (DMPS), bo-
vinebrain Sphingomyeline (SPM), and deuterated sol -
vents were purchased from Sigma (La Verpilleére,
France) and were used asreceived.

Multibilayers(MLV): Theliposomesfor 31P-NMR
experimentswere prepared in pure deuterated water
by successivefreezing and thawing cycles!! until anho-
mogenous milky samplewas obtained??!. The suspen-
sonsweredegassed under nitrogen gasthenintroduced
into NMR tubesand sedled. Thefind lipid concentra:
tionwas60 MM (in500u.L samples), while SSO/DMPC
in mixed systems was ranged 10 uL (12.8mg) and
60mM, respectively.

M ethods

NMR experiments. All NMR experimentswerere-
corded on aBruker AM-400 spectrometer. tH-NMR
spectra in D,0 were acquired at 298K using a
presaturation of the water resonance and a spectral
width of 10 ppm. Thechemica shiftswerereferenced
by setting thewater resonanceat 4.75 ppm. *H-NMR
control spectrawererecorded using classical 1D and
2D (COSY, TOCSYE) experimentsat 300K, 2mg, in
perdeuterated di methyl sulfoxide (DM SO-d6).

In '"H-NMR T, and T, measurements in water
preparation (Img, D,0, 298K) used standard inversion
recovery and cCPM G sequences™!.

IP-NMR experiments were performed at
162MHz. Phosphorus spectrawererecorded using a
dipolar echo sequence (n/2-t- 7 -t)1*7 with at value of
12 usec and abroadband two level s proton decoupling
7 /2 pulse was 4.8usec, recycling delay of Ssec. Phos-
phoric acid (85%) was used asextemal reference.

BC-NMR experimentswere performed at 100.62
MHz, us ng acomposite proton decoupling, /3 pulses
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(4usec) and 2s recycling delay. 10,000 scans were col-
lected for each spectrum. A spectral width of 250ppm
was used, with 64K acquisition points. A linebroaden-
ing of 3Hz was applied before Fourier transformation.
M ass Spectroscopy: the ES+ control spectrawere
acquiredin CH,CI, assolvent with 0.1% formic acid,
usingaV G Quatro Il spectrometer from Micromass/
Waters, and treated with the Masslink 4.00 software.
Thecapillary tension was4.5kV and the conetension
andion energy 74V and 0.9V, resolution valueswere
set t0 14.8, and themultipliers 1 and 2 set to 650V.

RESULTSAND DISCUSSION

Structureand physico chemical properties

SSO structure evaluation in solution and in water
samples: NMR experiments.

Chloroformic solution: The'H-NMR of the 10uL/
mL solution of SSOispresented onthetop of figure 1
(proton nomenclatureisaso placed here). Owingto
very good solubility of SSO, very resolved lineswere
detected on such aspectrum (linewidths of lessthan
0.5Hz). Thecontrol and attribution of SSO resonances
could be easily obtained from standard 1D and 2D 'H-
NMR and ES-M Sexperiments(not shown). Especidly,
no other hydrophobic components such as phospho-
lipids, sterolsand squa enewere detected and thereso-
nances of glycerol moiety (around 5.4 and 4.1-4.3ppm)
and those of the chain (see the nomenclature on the
figure 1) wereclearly identified. Homogenousrel ax-
ation times (T, and T, very close and an exceeding
1sec!t 21) thusallowed the use of peak integralsto pro-
posean estimation of main SSO characteridticsinterms
of averagelength and insaturation of thechainsby build-
ing indexesfrom'H-NMR peak integralsasfollows
(consideredthat theintegral of agiven peak isdirectly
proportiona to the number of corresponding protons,
e.gamethylenic CH, resonancegivesanintegra twice
thisof amethynic group, or 2/3 that of amethyl group).
For each group, the value of theintegral was divided
by the corresponding number of protons(3, for methyl,
2for methylen) to dlow acount of thenumber of groups.

Asshown on Figure 1 theresonancelabeled (4) at
5.2-5.4 ppmisrepresentative of methynic group; how-
ever, thisresonanceis compl etely overlapped by glyc-
erol sgna (G2), leading to usethe unambiguousreso-
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nance of the methylenic groups (3) neighbouring
methynic peaks (4). Theresonances (5) were repre-
sentative of polyunsaturation, and terminal methyle
peaks (7) of the number of chains. Also, 2D 'H- NMR
experimentseasily identified @3 related groups, asla

OC216 34454466 4467

CH-CH Glyvero] (CH) CHACH (e CHXO (CHn 18,
|

=CH(Hs CHLH2O

D,

D,0

,,,,,

Figure 1. (top) : proton nomenclature (middle trace) :
H-NMR (400.13MHz) spectrum of SSO (10uL/mL),
298K, in CDCI.. (bottom trace) : *H-NMR spectrum of
SSO (10uL/mL) in D,0O, 298K. The resonances speci-
fies of (®-3 chains are labeled with a star.

beled onfigure 1.

Finally, an estimation of thechainlength reference,
A, wasobtained by adding al theweighed resonances
1,2,3,4,5,6 and 7, with subtraction of half the contribu-
tion of G1 methylenic group of glycerol (at 4 ppm) to
overcomethe G2 (CH) contribution at 5.2 ppm. Within
thedifferent samplescontrolled, no variation exceeded
10%fromthefollowingvaues.

Number of groupsper chain; A/(7) =19 +/- 2
Chaininsaturationindex: (3)/ A~15% +/-1%

Chain polyinsaturationindex: (5)/ A =~9+/-0.5%,
indicating agood homogeneity within the different
samplesused.

Proportion of ®3 (labeled with a star on the spec-
trumand nomenclaturefigure 1):

(7)) +(7*)]= 22%+1- 2

ingood agreement with commercia specificationsand
M S spectra(not shown). M S spectraconfirmed this
homogeneity by givingadominant line centered a m/
z=901.94, (infact agroup of linessplitted between 823
and 1013; another linewasfound at m/z=577 and four
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minor components at m/z= 603, 549, 369 and 285
(577/2). If one considersthe major component aspos-
sbly rdated totriglycerids, by subtractingthemassva-
ues corresponding to glycerol (89), dividing by 3 (3
chains) and assuming the each building block is (very
roughly) mainly composed of methylenic groups
(M=14), thelatter division gives, for M/Z=901 anum-
ber of groups centered on N=19.4, (infact spread from
18.4t022), whichisingood agreement with bothNMR
datas and the supposed composition of SSO, consist-
ing of elcosanoic acids (and also docosahexanoic acid).
Similar observationswould also be performed onthe
other groupsof peakswhereasassuming that only two
side chains would be present (e.g. for M/Z=603, N
would be approximatively 18.4).

Under these experimental conditionsno peak cor-
responding to astaxanthin (M=596.84) was observed.

Aqueous samples. From the estimated composi -
tion, chainlength and insaturation, of the hypothesisof
apartial solubilizationinthewater could not beruled
out and wasthustested®1. Hence, amilky solubiliza-
tionwasobtained up to 15 (V/V), allowing to record
H -NMR spectra, as shown on figure 1 (bottom).
However, whether the overdl lineshapewastill rec-
ognizable, thetypicd linewidthsmeasured (from 30to
60HZ) precluded the existence of atrue solution, while
suggesting the presence of supramolecular assemblies,
suchasmicellesor droplets. Thisledtomeasure T, and
T, rel axation times. As mentioned above™ ™, these pa-
rametersareclosely reated to the corre ation timec,
and thevolume of the system as classically described
following the Solomon’s relations!9!:
UT =R =B. 1c[(1/1+ w’1c?)+4/(1+4w?tc?)] (@)
UT =R,=6B. tc[4+9/(1+ w’1c?)+6/(1+ 4w’tc?)] 2
with @ = 400 MHz; B = y*.(h/2r)?/r5; vy the
gyromagnétic factor, (h/2r) Planck’s constant and r the
inter spinsdistance.

Thisallowedto cal culatetherange of correlation
timeby usingtheratioR /R, asfollows
R,/R,= [ U1+ 0?te?)+4/(1+4w?tc?)] |
6.[4+9/(1+ ©?1cd)+6/(1+ 4o?tc?)] ©)
Relaionin e?re? smplified in asingle second degree
equation, findly giving etc limits(from 1to 3).

Astherelaxation values clearly differed between
groupswithinthemolecule (T, from 30to 60ms; T,
from 280to 700ms), and, by assuming aspherical ap-
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proximationfor themolecular assemblies, the Stockes-
Einstein rel ation alowsan coarse approximation of the
gpparent volumedistribution':

Tc=n V/KT 4
wheren =0.9x 10°P, (N.g/m? at 298 K), k = 1.38 X
102 Jkg, T =297K and V thevolume (m®) Finally,
the volumes appeared ranged from 500nm3to 0.5um3
approximatively (6 to 60nm radius). Such assemblies
areof thesame size order than model membranes, i.e.
small unilamellar vesicles of phospholipids, SUV
(typically of 10-20 nmradius, with T , inthe450-900
msrangeand linewidths of 40t0120 Hz)“!.

From thesefeatures, the use of such agueous disper-
sionsappeared suitableto study the collective proper-
tiesof SSOinbiological systems, for which organic
solutionscannot easily beused. By consideringthegreat
importanceof interfacid sysemsinbiology, suchascdl
surfaces, complementary physi co-chemical testswere
then performed.

BC-NMR approach of supramolecular organiza-
tion: Paramagnetic br oadening experiments

Thefigure2 (A) showsthediphatic part of the *C-
NMR spectrum of SSO (2mg/mL, D20). As classi-
cally described®], typical resonances of lipid groups
arefound around |5ppm (termina methyl group) andin
the 20-35ppm region (methylenic groups). Thesame
acquisition conditionswere used to obtai n the spec-
trum 2B on the same sample, after addition of 4uL.
MnCI, 0.IM inthemedium. Itishereimportant torecall
some basic properties of paramagnetic ions (i.e.
Mn2+)1, Inthe presence of suchions, paramagnetic
relaxation of dl accessible (geometricvicinity) nucle is
so dramdticaly increased that theresulting extremereso-
nance broadening makesit undetectabl€”!: thisnucle
giveno contribution to the spectrum. Conversdly, the
resonancesof thenucle that are not closeto the para
magneticion remain unaffected both in rel axation char-
acteristicsand in their contribution to the main spec-
trum. AsMn?* does not crossthemembranes®l, inthe
presence of membranes, all theresonances of amono-
layer completely vanish, and smilarly only the superfi-
cia layer of bi- or multi-layersare affected ; thusthe
remaining contrition isattributed to thenucle of thein-
ternd layer (s). Fromthis, theintensity of the spectrum
presented onthefigure 2B directly representstherda
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tive proportion of the nuclei that are not accessibleto
Mn?*. One can observe that the main line shape re-
mainsunaffected wherether intensity isreduced by a
factor of 4 by comparison with the spectrum 2A. This
featurereved sthat, at least, SSO isnot only consisting
of monolayersor single droplets, and that supramo-
lecular assembly (bi-multilayers) hasbeen formed.

Such afeatureisall inthefavour of interactions
with biologicd membranes®!. Theseinteractionsarethe
purposeof thefollowing section, by usingtheclassical
phospholipids multibilayer model 121,

Interactionswith MLV: 3:P-NMR experiments

Phospholipid dispersons(MLV, 60mM) wereused
to observethe structural and dynamics consequences
of the presence of SSO at the polar head (**P-NMR)
by recording NM R spectraon the 290-320K tempera:
turerange. Polar head group specificity of SSOinter-
actionwasa so tested by using different phospholipids,
i.e. DMPC, Sphingomyeline, DMPE and DMPS.

Theinsert (figure 3b) shows a spectrum of pure
DMPC dispersion (MLV), typical of anaxialy sym-

a j“
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Figure2: (a) aliphatic part of *C-NM R (100.62M Hz) spec-
trum of SSO, 2mg/mL, D,0. (b) Same conditionsafter addi-

tion of I0pL MnCL, 0.IM.
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metric powder pattern, with achemical shift anisotropy
of 69 ppm, classical of aphospholipid (here DM PC)
bilayersintheir liquid crystalline phasearound (297K)
phasetransition*!]. 3IP-NMR chemicd shift (thereso-
nance frequency) depends on the orientation of phos-
phorusnudei inthefied (shieding). Thechemicd shift
difference betweenthelow fieddd and thehigh field edges
of a*P-NMR spectrumiscaled Chemicd Shift Anisot-
ropy (CSA, ppm) andisdirectly related tothefluidity -
reorientation- at the polar head level wherethe phos-
phorus nuclei are located. On such spectraamobile
phosphorusgroup givesasingle narrow resonance (sev-
eral Hz) asdetected intime solution or for small struc-
tures(miceles), while phosphorusgroupsinsolid state
givesextremely broad contributions (morethan 100
ppm). Notethat membranefluidity increases(and CSA
decreases) with temperature, with aspecid jump at the
transition temperature between gel phaseand liquid
crystal structure (e.g. around 297K for DM PCi*2]),
Thusthe plot of CSA asafunction of temperature pro-
videsagood overview of membranedynamicsat the
polar head level where phosphorusnuclei arelocated,
whilethelineshapedlowstoidentify theoverall mem-
braneorgani zation (bilayer, hexagond,, isotropi c phases).
Such plotsare presented on thetraces of thefigure 3.
Asexpected for pure DMPC dispersionsaCSA de-

80 100 CcsSA T

70 90 / :L,
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40 T T T 40 +
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a
90 1 0
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¢ 290 300 310 320 330 d 200 295 300 305 310 3315

Figure3: (Insert): typical 3P-NM R spectrum (162M Hz)
recorded on multibilayer sof phospholipid (hereDMPC) in
theliquid crystal phase over temperaturetransition; the
chemical shift anisotropy (CSA, in ppm) measur ed between
thelowfield shoulder and the highfield peak islabeled with
an arrow. (a-d) : temper atur e dependence of the CSA mea-
sured in puredispersionsof phospholipids (50mM, D,0, ?)
and in thepresenceof 10uL SSO (}) on DMPC (a) ; SPM (b)
; PE(c); PS(d).
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crease (around 18-20 ppm) was observed on pure
DMPC systemsby increasing thetemperature (and the
membranefluidity) with thetransition-related jump
around 297K, Thiswasal so the casefor SSO con-
taining MLV (SSO/DMPC ratios of 10uL/60mM).
Besides, noisotropic contribution typical of detergent
effect wasobserved, thusfindly indicating the absence
of any interaction with themembrane (figure 3A). Pure
sphingomydine (SPM) dispersonsexhibit quitesmilar
temperature dependence of themembranefluidity, with
atransition temperature around 304K™1, SSO con-
taning MLV aso present thistransition, whereasat Sg-
nificantly lower temperature (298K, figure 3B); how-
ever, the CSA measured at high temperature (over
308K) do not differ from those obtained with pure
sphingomyeline. It can be proposed that SPM-SSO
interactionswesken the coll ective cohesion forces, thus
requiring lessenergy -lower temperaturejump- to ob-
tainthe phasetrangtiontothestablefluid liquid crysta
at higher temperatures.

Such was not the case for the spectra recorded
under the same conditionson DMPE and DMPS sys-
temsin the presence of SSO. In both cases (figures
3C-D), areduction of the CSA was observed on all
thetemperature do main explored, asaconsequence
of aglobd fluidizing effect, moremarkedly observedin
PS (up to 8ppm at 300K and 11 ppm at 290K,
Conversdy, thetrangitiontemperatureof DM PE (around
323K) was not significantly affected expected for
DMPEwhiletheincreaseinlocd fluidity waslessmark-
edly noted at higher temperatures.

The presence of structural rearrangementsarein
the cases of DMPE as for DMPS supported by the
decreasein CSA at low temperature, with anormal
transition temperature (DM PE) and CSA vauesclose
to thoseof pure phospholipidic systemsat higher tem-
peratures. Such mechanismshad been evoked in pre-
viousworkson fish oil such asthose extracted from
shark liver®1, However, such amechanismisnot suffi-
cient to explain thediscrepancy of theresultsobtain
with the choline bearing lipids, and more, withinthis
classbetween SPM and DMPC. However, evenif their
polar head group hasin common aphosphorylcholine
group, DMPC containstwo ester bondswhereas SPM
containsan amidebond, an hydroxylegroup and atrans
doublebond. Thesedifferencesresultinachangeinthe
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net dipole moment and the ability to form hydrogen
bonds?.

Besides, inthe hydrophobic region of DMPC, the
chainslength and saturation iscompletely determined
(i.e. myristicacids, C14), whilenatural SPM from bo-
vinebrainisamixtureof chainsdifferingby ther length
aninsaturation. Aspointed out in other works™®!, these
differencesaretherefore expected to exert specific ef-
fectson structureand dynamicsof lipidslayers. Whether
itisnot reasonableto assumeamol ecular specificity of
SSO-SPM interaction, it can be noted that the other
models used only showed no interaction of SSO
(DM PC) or aspecific dynamic modifications (DM PE-
DMPS).

DISCUSSIONAND CONCLUSIONS

SSO was assumed to exert neuroprotective prop-
ertiesand well-being increase when used as anutri-
tiona supplement tonormal diet. Antioxidant proper-
tieswereproposed as chemica support for such prop-
erties. Theaim of the present paper wasto identify the
physico chemical propertiesof SSO, takenasawhole,
andtoidentify possblemechanismsinvolvedinthegen
erd propertiesof SSO. Thiswasundertaken after NMR
control of chainlengthsand insaturation. Then, it was
found that SSO sdlf organizesinthewater: rather than
simpledroplets, other supramolecular assembliesare
a so present, such ashi- or multilayers, withasizedis-
tribution roughly intherange 6 to 60nmradius. Suchan
organizationisall themost favorableto overcomebio-
logical barriers, or smply tointegrate the ubiquitous
membrane systems, considered hereasatarget of bio-
logical action. Thishypothesisissupported by the dy-
namics effects observed in the presence of synthetic
phaspholipidic membranes, and specificaly thosecom-
posed of SPM. Evenif thebiochemicd effect would be
supported by antioxidant properties, thiseffect would
be presentin situ -that isinsdethemembrane- . Thisis
aso consstent with the neurologica and generd distri-
bution of SPM thusleading to general effects. More-
over therelevance of features observedin thisstudy
this study had to betested in vivo : hence first tests
were performed by using (not shown) ESR methods.
Thismethod alowed to detect specific POBN/Radica
adduct (POBN isaclassical spintrapping molecule,

A Tudéan Journal



NPAIJ, 7(3) 2011

David Crouzier et al.

157

with aquantitativerel ation between loca Reactive Oxy-
gen Species (ROS) promotion and signal intensity!t!.
Under these conditions, a comparison of ROS pro-
duction between the control group and SSO supple-
mented groups (100ul/ day of SSO, 5 day a week dur-
ing 4 weeks), showed asignificant decrease (50.5%
p<0.05) of inthe ROS production (peak intensity) that
would berelated with adecreaseinthe oxidative stress.
Notethat thisreductioninsignd intensty wasquite
smilar astha found when vitamin E (thereferencelip-
idicantioxidant molecule) wasused following thesame
protocol at (20 mg per day). Other general health sta-
tustestswere also performed on aged mices (12 ani-
mals, 6 per group) with adiet supplemented for amonth
with 100ul SSO daily significantly differing in general
clinical parametersversuscontrol group (shinier fur,
recovery of exploring behavior, weight gain up to 10%,
diminution of bitemarkspossibly related to better hedl -
ing or decreaseinthe agressivity ...). Obviously, these
preliminary results need to be confirmed and will be
compl eted by long time behavioral testswith large se-
ries, includinglearning and memory abilities. Also, oxi-
dative statuswill beinvestigated separately in different
organs, and brain membrane dynamic effects of SSO
directly studied by ESR experimentsin vivo. Another
guestion now to addressisthe precise contribution of
astaxanthin present in SSO, especidly when compared
to purevitamin E. Besidesasingleantioxidant effect,
thisespecidly leadsto the exi stence of another mecha-
nism of action of SSO, abiological mixturediffering
fromthe pure carotenoid of reference. Thisleadtoin-
vestigatethe contribution of astaxanthininsize, distri-
bution, stability and membraneinteractionsof the SSO
droplets Further experimentsincluding composition
controlled preparationsare now running on.
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