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ABSTRACT

In the present study it was evaluated the in vitro non-enzymatic lipid
peroxidation of brain homogenate and mitochondria of two groups of
Wistar rats: control and c9, t11 conjugated linoleic acid -supplemented.
Lipid peroxidation was monitored by chemiluminescence and changes in
the fatty acid composition by GLC. After incubation of brain homogenates
and mitochondria in an ascorbate-Fe?* system, it was observed that the
total cpm originated from light emission, was lower, with no significant
statistical differences, in those preparations isolated from CLA-supple-
mented group than in the control group The fatty acid composition was
substantially modified during the lipid peroxidation with considerable
decrease of polyunsaturated fatty acids, arachidonic acid C20:4! 6 and
docosahexaenoic acid C22:6! 3 (PUFAs). In the control group the ho-
mogenate and mitochondria PUFAs contents diminished from 24.09 +
1.35 to 10.76 + 2.74 and 25.13 + 4.34 to 12.25 + 1.48%, respectively.
No significant differences were observed when CLA group was compared
to the control group. We conclude that in our experimental conditions,
CLA did not protect the PUFAs from oxidative damage in the brain.
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Conjugated linoleic acid (CLA) is a collective
term generally referred to a mixture of positional
and geometric conjugated dienoic isomers of linoleic
acid"l. Numerous CLA isomers are found in milk-
fat, cheese and beefl® 3. The cis-9, trans-11 isomer
of CLA (the principal dietary form), is produced in
the rumen of cattle and other ruminants during mi-
crobial biohydrogenation of linoleic and linolenic
acids™ 3. CLA is an in vitro antioxidant, and the
cells it protects membranes from oxidative attack!®. The

brain is vulnerable to oxidative damage due to its high
content of polyunsaturated fatty acids (PUFAs) arachi-
donic acid (20: 4 n6) and docosahexaenoic acid (22: 6
n3) mainly, oxidative metabolism high and low antioxi-
dant enzymes!”!. As lipoprotein structures enriched in
polyunsaturated fatty acids are highly susceptible to at-
tack by free radicals (lipid peroxidation). Mitochondria
are the cellular compartment where oxidative metabo-
lism occurs while where reactive oxygen species are
generated therefore are most highly exposed to free
radical damage organelles!®. Oxidative stress has been
linked to several neurological disorders®!. Ali Y.M. et
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al. havedemonstrated that CLA isapotent antioxidant
andthat cis-9, trans-11 isomer issel ectively incorpo-
ratedinto cellular phospholipids, whichmay explain, a
least in part, the anticarcinogenic activity of CLA as
antioxidant™, The relationship between anti oxidant-
enzyme defenseresponsesand cellular growth suppres-
soninhuman cancer cdls, exposedto CLA incultures,
has also been studied. The activities of superoxide
dismutase (SOD), cata aseand gl utathione peroxidase
(Gpx) wereinducedincdl linesexposedto CLA. The
dataindicatethat CLA-induced cytotoxicity against
cancer linesisrelaedto theextent of lipid peroxidation
of CLA treated cdlls, and affirmthat the CLA-induced
antioxidant enzymesfailed to protect these cellsfrom
cytotoxic lipid peroxidation products* 2, One might
speculatethat theinhibition of carcinogenesisby CLA
could result from the combined effectsf anumber of
CLA activities, possibly including direct effects of
one or more CLA isomers/metabolites on cell dif-
ferentiation and the effects of one or more CLA iso-
mers on prostaglandin metabolism, which may also
influence cancer development at somesites® 4, In
previousworks, wasdemonstrated that several mem-
branesare protected by CLA, when subjected to non
enzymatic lipid peroxidation> 16 171, The present
study aimsto compare the polyunsaturated fatty acid
composition and non enzymatic lipid peroxidation of
rat brain homogenate and mitochondriaobtained from
animal s supplemented with conjugated linoleic acid.

MATERIALAND METHODS

Female Wistar AH/HOK were obtained from
Laboratory Animal Facility, Facultad de Ciencias
Veterinarias, Universidad Nacional de La Plata
Butylated hydroxy-toluene (BHT) and
phenylmethylsulfonyl fluoride (PMFS) were from
Sigma Chemical Co. (St. Louis, MO, USA). BSA
(Fraction V) was obtained from Wako Pure Chemi-
cal Industries Ltd, Japan. Standards of fatty acids
methyl esters were kindly supplied by NU Check
Prep. Inc, Elysian, MN, USA. L (+) ascorbic acid
and boron trifluoride-methanol complex werefrom
Merck Laboratories. All other reagents and chemi-
calswere of analytical grade from Sigma.

Animals

—=> Regulor Peper

FemaeWistar AH/HOK rats 7 weeksold, weigh-
ing 120-137gwereused. All ratswerefed commercia
rat chow and water ad-libitum. Two groupsof 10rats
wereconsidered, groupA: received 9, t11 conjugated
linoleicacid (CLA), group B: controls. GroupA re-
ceived daily 30 mg ora administration of CLA for 10
days. Onday 11, all ratswere sacrificed by cervical
dislocation and thebrainswererapidly removed.

Prepar ation of homogenateand mitochondria

Theraswere sacrificed by cervica didocationand
the brain wasrapidly removed, cut into small pieces
and washed extensively with 0.15 M NaCl. An homo-
genate 30% (w/v) was prepared in a0.25 M sucrose
solution, 10 mM Tris-HCI pH 7.4 using a Potter-
Elvejhem homogenizer. The homogenate was centri-
fuged at 3,000 G for 5 min; pelletswerediscarded and
the supernatant was centrifuged at 10,000 G for 10
min to obtain mitochondrial pellets. The pelletswere
suspended insolutionA (0.25 M sucrose solution, 10
mM Tris-HCl pH 7.4, 0.01 M PMFS). All operations
wereperformed at 4 °C and under dim light.

Lipid peroxidation of rat brain homogenate and
mitochondria

Chemiluminescence and lipid peroxidation were
initiated by adding ascorbate to homogenate and
mitochondrid®. The homogenate and mitochondria
from both groups, at a concentration of 0.5 mg of
protein, were incubated at 37 °C with 0.01 M phos-
phate buffer pH 7.4, 0.4 mM ascorbate, final vol. 2
ml. Phosphate buffer is contamined with sufficient
iron to provide the necessary ferrous or ferric iron
(final concentration in the incubation mixture was
2.15 uM) for lipid peroxidation®®. Homogenate and
mitochondriapreparations from both groups, which
lacked ascorbate, were carried out simultaneously.
Light emission was determined over a 180 min pe-
riod, chemiluminescence was recorded as cpm ev-
ery 10 min and the sum of the total chemilumines-
cence was used to calculated cpm/mg protein.
Chemiluminescence was measured as counts per min
in liquid scintillation analyzer Packard 1900 TR
equipment with aprogram for chemiluminescence.
Fatty acid analysis

Homogenate and mitochondrial lipids were ex-
tracted with chloroform/methanol (2:1 v/v)©? from na:
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tive or peroxidized membranes. Fatty acids were
transmethylated with F,B, in methanol at 60 °C for 3h.
Fatty acids methyl esters were analyzed with a GC-
14A gas chromatograph (Shimadzu, Kyoto, Japan)
equipped with packed column (1.80mx 4 mmi.d.) GP
10% DEGS-PS on 80/100 Supel coport. Nitrogen was
used asacarrier gas. Theinjector and detector tem-
peratures were maintained at 250 °C; at the column
temperaturewasheld at 200 °C. Fatty acid methyl es-
ter peakswereidentified by comparison of thereten-
tiontimeswith those of standard.

Protein deter mination

Proteinswere determined by method of Lowry et
al.?Y using BSA as standard.

Unsaturation index (Ul)

Ul= Sum % unsaturated acidsx number of double
bounds/ Sum % saturated fatty acids
Satistical analysis

Resultsare expressed asmeans+ S.D. of six inde-
pendent determinations. Datawere eval uated statisti-
cally by one-way analysisof variance (ANOVA) and
Tukeytest. Thedtatistical criterionfor significancewas
selected at different p-values, whichwasindicated in
each case.

RESULTS

The polyunsaturated fatty acid composition of total

lipidsisolated from mitochondriaobtained from CLA
and control groupsisshowed inTABLE 1.

Thechangesinfatty acidscompositionof organdles
and unsaturation index from control group not show
significant changesthan thosefrom CLA group. When
the fatty acid composition and Ul was analyzed be-
tween nativesand peroxidized from each group signifi-
cant differenceswerefound the concentration of PUFAS
(arachidonic acid C20:4w6 and docosahexaenoic acid
C22:603) and Ul. Similar resultstothoseobtainedin
mitochondria, werefound when wasandyzed thefatty
acid composition and Ul of thehomogenates obtained
from groupA and group B, TABLE 2.

Theincubation of homogenatesand mitochondria
in the presence of ascorbate-Fe™ system resulted in
the peroxidation of membranes, asevidenced by emis-
sion of light (chemiluminescence). It wasobserved that
thecpm originated from light emission wasnot Stetisti-
cdly sgnificant when compared CLA trested groupwith
control group. After incubation of brain homogenates
and mitochondriain an ascorbate-Fe** systemat 37°C
during 180 min, it was observed that thetotal cpmorigi-
nated from light emission chemiluminescence), was
lower, no significant statistical differences, inthose
preparationsisolated from CLA-supplemented group
thaninthe control group, asan example homogenate:
1534,411 + 80,391 and 1767,279 + 39,064 cpm re-
spectively. Thus, the chemiluminescenceresultsagree

TABLE 1: Fatty acid composition of brain mitochondrianativeand per oxidized obtained fromratscontrol and supplemented

with CLA
Fatty acid Control group CLA group
NATIVE PEROXIDIZED NATIVE PEROXIDIZED
C16:.0 21,08+ 3,25 25,88 £ 2,99 22,04 +£1,77 26,92 + 2,86
C18.0 19,77+ 1,75 19,74+ 1,02 21,07 £ 0,57 21,10+ 1,51
C18:1w9 29,11+2,13 36,36+ 2,39 25,02+ 0,72 39,72 + 4,69
C18:206 0,36+ 0,81 044+0,77 - 0,57 +0,98
C18:3w3 2,25+1,69 2,32+£1,24 2,44+ 0,33 0,80+ 1,39
C20:406 9,03+1,25% 6,32 £ 0,07 9,17 +1,16" 453+1,77
C22:6m3 13,49 +1,67% 3,16 £ 0,88 13,74+ 1,78 " 3,11+ 0,67
Saturated 40,85 + 3,57 45,62+ 2,35 43,10+ 2,04 48,02+ 1,35
Monounsaturated 29,25+ 2,00 36,36 + 2,39 25,83£1,89 39,72 £ 4,69
Polyunsaturated 25,13+ 4,347 12,25+ 1,48 25,35+ 3,06 " 9,01+ 2,98
Total unsaturated 54,40 £ 2,45 48,61 + 3,66 57,87+ 8,49 48,73+ 3,96
Saturated /unsaturated 0,75+ 0,09 0,94+0,12 0,75+ 0,12 0,99 £ 0,07
Unsaturation Index 153,79 +17,12* 88,44+ 9,71 152,28 + 17,28" 80,06 £11,69

Data are given as the mean SD = six experiments. ?p <0.05 difference between native and peroxidized the control group. °p <0.05
difference between native and peroxidized the CLA group
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TABLE 2 : Fatty acid composition of brain homogenate native and peroxidized obtained from rats control and

supplemented with CLA

. Control group CLA group
Fatty acids
NATIVE PEROXIDIZED NATIVE PEROXIDIZED
16:0 21,94+ 1.29 23,69+ 0,39 22,84 + 0,60 24,34+ 0,28
18:0 19,95+ 1.75 19,79+ 0,98 18,37+ 1,47 18,44 + 1,91
18:1n-9 30,03+ 2,93 37,81+£1,16 32,37+1,53 37,19+ 7,03
18:2n-6 0,49+ 0,70 1,72+115 - 0,64 £ 0,91
18:3n-3 4,41+ 0,59 1,33+ 1,80 3,50+1,42 2,78+ 3,94
20:4n-6 7,76+ 1,01° 4,38+ 1,44 7,63+1,63 4,23+1,08
22:6n-3 11,43 + 1,50% 3,33+ 045 12,03 +1,44° 4,92 £ 0,67
Saturated 41,89+ 2,99 4347+ 131 41,21+ 1,84 42,78 + 1,63
Monounsaturated 30,47+2,84 37,81+£1,16 3245+ 1,42 37,19+ 7,03
Polyunsaturated 24,09 +1,35% 10,76 £ 2,74 23,16 £ 3,49 12,57+ 2,61
Total unsaturated 54,57+ 2,37 48,57 + 3,06 55,61+ 2,13 49,76 + 4,41
Saturated / unsaturated 0,77+ 0,07 0,89+ 0,03 0,74 £ 0,05 0,86 £ 0,04
Unsaturation Index 144,32 + 7,412 82,74+ 11,30 145,61+ 14,53 93,24+ 2,63

Data are given as the mean SD =+ six experiments. ?p <0.05 difference between native and peroxidized the control group. °p <0.05

difference between native and peroxidized the CLA group.

with those obtained when was anayzed the fatty acid
compositionand Ul.

DISCUSSION

The results of the present studies confirm previ-
ouscommunicationsof CLA incorporationinthebrain.
Conjugated linoleic acid (CLA) has been shown to
exert severa biological activitiesin different organs,
in particular organs such as adipose and mammary
tissuewhere CLA accumulatespreferentially because
of its high incorporation into neutral lipidg? 2 24,
However, despitenumerous studies carried out in dif-
ferent experimental models, invivo and invitro, very
little is known about the accumulation and metabo-
lismof CLA inthebrain. Dietary conjugated linoleic
acid (CLA) causes reduced feed intake and body fat.
It isunknown, though, if CLA incorporationintotis-
sues, aterationsin serum hormones, and/or appetite-
regul ating neuropeptides are invol ved 24,

CLA incorporation into the brain has been de-
tected only in few cases and at very low concentra-
tiond?" %1, Thelast finding could be ascribed to dif-
ferent reasons: (@) poor incorporation in phospho-
lipids; (b) relatively low supply; (c) selective in-
corporation of other fatty acids; and (d) selection against
unusud fatty acidswith transdoublebondssuchasCLA.
In contrast, there are no dataavailable asto whether

CLA metabolites are incorporated into the brain, as
they arein severa other tissues®.

All research mentioned in thisdiscussion are con-
sistent with theresults shown in thisstudy when the
composition of fatty acids (PUFAS), unsaturation index
and lipid peroxidation (chemiluminescence) wereana
lyzed.

Previous results show that CLA decrease poly-
unsaturated fatty acidg®> 1617, Similarly, another au-
thor states that CLA does not appear to act as an
antioxidant, its ability to decrease polyenoic fatty
acid concentration could decrease of highly cyto-
toxic lipid peroxidation products®®. As has been
mentioned in thisdiscussion, CLA incorporationinto
the brain has been detected only in few casesand at
very low concentrations, thiswould explain because
in our work we found no protection to supplement
with CLA. For thisreason we agree with the authors
that suggest that CLA does not act as an antioxidant
but decreasing polyenoi ¢ fatty acid concentration.

Future long-term feeding studies will be also
needed, in order to establish whether incorporation
of CLA and its metabolites in brain cellsis able to
modify theincorporation of arachidonic acid, asshown
in other tissued®. Formation of eicosanoids could
thus be interfered, either by decreasing their precur-
sor or by incorporation of CLA metabolitesshownto
inhibit e cosanoid synthesig*., Thiscould haveagreat
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impact on brain, sinceit isknown that an increased in-
flammatory responsemay heavily contributetothe patho-
genesisof neurological disorderssuch asAlzheimer syn-
drome, Parkinson di sease and adrenol eukodystrophy!2l,
Further studiesare needed for amore adequate evalua
tion of theseobservations.
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