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ABSTRACT

This study aimed to investigate the effect of flaxseed oil (FO) alone or with
lipoic acid (LA) on oxidative stress status in rats fed on high cholesterol
diet (HCD). Thirty six male Wistar albino rats were used in this study di-
vided into 6 groups. Theratswerereceived either normal diet or HCD with
or without FO, LA or combination of FO and LA. These results revealed
that HCD feeding of rats caused significant decrease of liver glutathione
and protein thiols content by 58% and 47% respectively, while glutathione
peroxidase activity was increased by 122%. Supplementation of rats with
FO (1 g/kg body weight) keeps these parameters at values similar that of
control rats. On another hand FO at dose (2 g/kg body weight) not amelio-
ratesthese parametersas compared with the control. HCD supplementation
elicit significantly increase of serum protein carbonyl and malondia dehyde
by 287% and 127%. While values of these parametersin rats received LA
and FO beside HCD near that of control ones. It concluded that large dose
of ail rich with polyunsaturated fatty acids (PUFA) may be provoking oxi-
dative stress. Administration of antioxidants like LA is necessary during
the lipidslowering therapy particularly with PUFAS.

© 2011 Trade Sciencelnc. - INDIA

KEYWORDS

Hypercholesterolemia;
Flaxseed ail;
Lipoicacid;

Oxidative stress;
Rats.

INTRODUCTION

Polyunsaturated fatty acids (PUFAS) areknownto
be exert protective effects against many diseases; in
particularly when they are supplementedin quantities”.
Administration of such lipidsin excessof normal di-
etary levelscanresultedinanincrease of cellssuscep-
tibility tothefreeradica attack!?. Reactive oxygen spe-
cies (ROS) react with thedouble bond of these unsat-

urated lipidsresultinginlipid peroxidation, andincressed
therisk of oxidative damaged.

Many of vegetable oils contain high percent of
PUFAS, therefore they are used in thetreatment of hy-
percholesterolemia(HC). Ontheother sideit hasbeen
reported that ingestion of largeamount of theseoilsmay
be overwhdming thebiol ogica antioxidant /oxidant ba-
ance®. Flax-seed il (FO) isnaturerichest source of
essential fatty acids, it containshigh ratio of PUFAS
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particularly aphalinolenic acid, sothat it used to de-
creasetherisk of atherosclerosis. Each one gram of
FO containsalphalinolenic acid (0.55g). Alphalino-
lenic acidisconverted in thebody to eicosapentanoic
acid and docosahexanoic acid that have beneficial ef-
fectsinseveral diseased®.

High cholesterol diet (HCD) feedingisassociated
withincreaseof cholesterol accumulationinthe serum
andtissuesleadingto oxidativestresd”. Theactivation
of both xanthine oxidase and NADPH oxidasearethe
main causesfor increasing of freeradicd productionin
HC. Inresponseto oxidative stress, xanthine dehy-
drogenaseisconverted into oxidaseform that usesoxy-
gen moleculesasthe el ectron acceptor to producesuric
and superoxideradicalg°. Under the affect of super-
oxidedismutase, the superoxideisconvertedto hydro-
gen peroxidewhich provokes oxidative damageto the
celular structure?,

Lipidsin mostly thoserichwith PUFAsaswell as
proteinsareliableto attach by ROS. Oxidative products
of lipidsand proteins can react with the structura and
regul atory e ementsof thecdlsleadingto disturbance of
many cdlular functiong*¥. Themeasurement of theoxi-
dativeproducts, maondiddehyde (MDA) asmarker for
lipidsperoxidationand protein carbonyl (PCO) asmarker
for proteinsoxidationin theblood and thetissuesarea
goodindicator for oxidativedamageof thesemol ecules™2,
Enzymatic defense against ROS include superoxide
dismutase, catalase, and glutathi one peroxidase (GPx).
GPx isablebreakdown hydrogen peroxideformed after
thedismutation of superoxide, aswell asit detoxifiesthe
lipid hydroperoxides®3.

Supplementations of antioxidants preservetheen-
dogenousantioxidant sysemseither by maintainingtheir
normal levelsor by minimizing ROS production™. Li-
poicacid (LA) isoneof theantioxidantsthat inhibit oxi-
dativestressand it hascholesterol lowering effect. More-
over, LA mantainsthecd lular glutathione(GSH) which
isthemgjor cdllular antioxidant™. Therefore, adminis-
tration of LA hasbeneficid effect intreatment of many
diseasesin which ROS have beenimplicated™.

Many studiesreported that PUFA s supplementa-
tion have contradictory effects. Within thisscope, the
FO was chosen asexampleof oilsricher with PUFAS
toinvestigatethelargeintakesof PUFAson oxidative
sressstatusduring theinduction of HC inrats. Thishas
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been accomplished through studying the effect of low
doseof FO (LDFO), high dose of FO (HDFO) aswell
asLA administration alone or in combination on the
lipidsprofileaswell asoxidative stressmarkers (GPX,
GSH, PCO, MDA and uricacid) inratsreceived HCD
and compared with thosereceived normal diet.

MATERIALAND METHODS

Chemicals

Thechemicalsof cholic acid, trichloroacetic acid,
thiouracil and thiobarbituric acid were purchased from
(HukaBuchs, Switzerland). Tetramethoxy propane, glu-
tathione (GSH), Alpha lipoic acid (LA), Tris HCI,
Ellman’s reagent, and guanidine—HCI were supplied
from (SigmaChemical Co., St. Louis, MO, USA). FO
was obtained from 1SIS Company, Cairo, Egypt. The
remaining chemicalsof theanaytica gradewere com-
mercidly avalable.

I nstrumentsand appar atus

Beckman XL-70 ultracentrifuge, 100,000 rpm
(USA), ENWAY spectrophotometer modd 6105UV/
VIS. Centrifuge Sigma 3K 20, up to 10,0009
(Germany), Homogenizer: Jankeand Kunke 1KA 8,000
- 20.500 RPM (Germany).

Animalsand diet

Male Wistar albino rats were obtained from our
animd facility. Theanimaswerehousedinanima house
unit, inthe Pharmacol ogy Department, Collegeof Phar-
macy, Al-Azhar University. The animals were received
standard diet and water under standardized conditions
away from stresscondition. Thestandard diet wascom-
posed of 72.2 % carbohydrate, 3.4 % fats, 19.8 %
proteins, 3.6% cellulose, 0.5 % vitaminsand minerals
and 0.5 % sdts. Theanima swerehoused in metabolic
cagesunder standard laboratory conditions (12 hlight/
dark cyclesat 25+ 2°C) with free accessto standard
rat pellet food and tap water. Theratswereleft for 2
weeksfor acclimatization.

Experimental design

This study was carried out on 36 male Wister a -
binoratsweighing 180+ 210 g and rats were divided
into 6 groups, 6 ratsin each group.
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Group 1, normal control inwhichtheratswerefed
on standard diet pellets.

In group 2, the rats were fed HCD whereas the
dietary chow was supplemented with 4% chol esteral,
1% cholic acid and 0.5% thiouracil™.

In group 3theratswerereceived low dose of FO
(LDFO) (1 g/kg body weight) orally in addition to
HCDU8,

In group 4 theratswerereceived high dose of FO
(HDFO) (2mg/kg body weight) orally with HCD. In
thefifth group, theratsweretreated with LA at dose
(20 mg/kg body weight) by oral gavages concurrent
withHCD™,

Thefina group received the combination of HDFO
and LA inadditionto HCD.Theexperimenta protocol
was carried out for 2 months. Experimentswere con-
ducted according to the guidelines of ingtitutiona ani-
mad ethical committeeof Collegeof Pharmacy, Al-Azhar
University, Nasr City, Cairo, Egypt.

Samplescollection

At theend of experiment, dl ratswerealowed to
fast for 12 hours, and sacrificed under ether anesthesia
Blood sampleswere drown by cardiac puncture and
collected into centrifugetubesand | ft to stand at room
temperaturefor 10 minutes, then centrifuged at 3000
rpm for 10 minutes. Theisolated serum sampleswere
stored at—20°C until analysis.

The homogenate of liver tissuewas prepared on
icein aratio of 1 gm wet tissue for 9 ml phosphate
buffer (50mM, pH 7). Thefirst part was used for the
assessment of MDA whilethe second part was mixed
withanequa volumeof ice—cold meta—phosphoric acid
(12% wi/v), incubated for 30 min on ice, and centri-
fuged for 10 minat 5000 rpm at 4°C and supernatants
were used for determination of GSH. Thethird part
was centrifuged at 5000 rpm for 10 min at 4°C, and
supernatant was collected and stored at —80°C until
andysisof GPx activitiesand protein oxidation.
Biochemical analysis

Serum level of Serumtotal cholesterol (TC), high
density lipoproteincholesterol (HDL—C), triacylglycerol
(TAG), low dengity lipoprotein cholesterol (LDL-C)
and serum uric acid were determined using acommer-
cidly avalablekit (Biocon DiagnostiK, Germany).

Liver lipidswere extracted by amodified Folch
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method Folch et al.,??. One gram of liver tissuewas
homogenized for 5 minin 6ml of Folch solution [chlo-
roform (2): methanol (1)] and 2ml H20. After centrifu-
gation for 10 min, thelower phasethat containsliver
lipids was separated. Lower phase of lipid fractions
was assayed after treating with triton X-100: chloro-
form (25u1: 475 pl) for totd cholesterol or with metha-
nol for triglyceride, using enzymatickits.

Serum PCO level swas measured by using previ-
ously described method®?Y while MDA measured by
themethod of Draper and Hadley!®. Liver homoge-
natewas usefor determination of PCO?, protein thi-
ols(PSH)24, GSH%I, MDA™?, GPx?", and total pro-
teing?,

Satistical analysis

Results were expressed as means+ standard de-
viaion (SD) and wereana yzed for statistically signifi-
cant differences using one-way analysis of variance
(ANOVA) followed by the Tukey—Kramer post analy-
sistest to compared| groups. P valueslessthan 0.05
were considered significant. GraphPad Prism® was
used for statistica caculations (Version 5.00 for Win-
dows, GrgphPad Software, San Diego CdiforniaUSA).

RESULTS

“Body weight and liver weight gain” of the rats fed
withHCD (P<0.001) aswell asratsreceived LDFO
(P<0.05), HDFO (P<0.01) or LA (P <0.05) with
HCD wassignificantly increased as compared with the
ratsthat fed with normd diet. No statistically sgnificant
changeswerenoted in group received HDFO plusLA
in comparison with thosefed with normd diet (Figure
laandb).

TABLE 1displaystheresultsof TC,HDL-C, TAG
LDL-Canduricintheserum of theinvestigated groups.
Feeding of theratswith HCD was associated with a
significant increaseof serum TC level by about 131%
in comparison with therats received normal dietary
chow. Onanother sidetheadministration of either FO
or LA aoneor incombination causes marked reduc-
tion of serum TC by about 39.6%, 42% and 51% re-
spectively regardingto HCD fed rats. Theresultsal so,
revealed that HCD induce amarked reduction of se-
rumHDL—C level in comparison with the rats that supple-
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mented with normal diet by 47%. The treatments of
ratswithHDFO plusLA preserveHDL-Clevel at val-
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Figurela: Effect of high cholester ol diet, low dose of flaxseed
oil, high dose of flaxseed oil and alpha lipoic acid on body
weight gain by (gm)

Values were expressed as mean + SD, (N= 6). a: Significantly
increased from control group. b: Significantly decreased from
HCD group. *: P<0.05, **: P<0.01, ***: P < 0.001. Abbrevia-
tions: HCD, high cholesterol diet; LDFO, low dose of flaxseed
oil; HDFO, high dose of flaxseed oil; ALA, alpha lipoic acid.

rum TAG as compared with control rats. On the con-
trary, administration of FOand LA doneor incombina-
tionweresgnificantly decreased theserumleved of TAG
by about 31% than HCD. In respect to LDL-C leve,
ratsreceived HCD havehigh-level of LDL-Cthanthat
of control by 86%. Conversaly supplementationsof our
tested substancesadoneor inblend toratsreceived HCD
causesreduction of LDL—C level in comparison with
cholesterol rich diet feeding by 58%, 56 % and 76 %

uessmilar tothat of control ones.
HCD administration revea ed 47% d evation of se-

104
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& HCD + LDFO

D HCD + HDFO
HCD+ALA

HCD + HDFO + ALA

Liver wight gain by gm

Figurelb : Effect of high cholesterol diet, low dose of flaxseed
ail, high dose of flaxseed oil and alpha lipoic acid on liver
weight gain by (gm)

Values were expressed as mean + SD, (N= 6). a: Significantly
increased from control group, b: Significantly decreased from
HCD group *: P<0.05, **: P< 0.01, ***: P < 0.001. Abbrevia-
tions: HCD, high cholesterol diet; LDFO, low dose of flaxseed
oil; HDFO, high dose of flaxseed oil; ALA, alpha lipoic acid.

respectively. Additiondly, feeding of ratswithHCD pro-
duces 175%increaseof serumuricacidin comparison
with norma diet feeding. In contrast, treetment with FO
wassignificantly reducing uric acid level by 44%, LA
47% and 62% for blend of FO and LA as compared
withHCD. Our resultsreveal ed that thereisno signifi-
cant different between supplementation of FO either at
LDFO or HDFO onthelipidsprofile.

Concerning toliver PSH, the present resultsre-

TABLE 1: Serum levelsof total cholesterol, high density lipoprotein cholesterol, triacylglycerol, low density lipoprotein
cholesterol, uricacid, and malondialdehydeand protein carbonyl in ratsreceived normal diet, high cholesterol diet or high
cholesterol diet pluslow doseof flaxseed oil, high dose of flaxseed il and alphalipoic acid

Treated groups

Markers Control HCD

LDFO HDFO LA HDFO + LA
TC 55.6+4.16  127+13.8%**  77.9+7.20%Pxx* 8D 347 273kxx 80 147 253x%x 67.9+5.820 **
HDL-C  36.8+4.70  19.4+3.98%* 36.1+10.7 P* 33.6+ 12.3% 29.2 + 8.63 37.6+ 7.02%*
TAG 614+ 11.7 117+ 10.1%**  76.2+29.8 ™ 81.8 +30.5% 82.0+ 16.9% 67.5+ 15.51%%*
LDL-C  655+2.37 325+ 122%*% 139+541°*** 206+ 5.81"** 181+6.01>** 1185+ 6.95**
UA 265+094 7.32+1.41%** 342+ 0.59%** 413+ 0.82%** 385+ 1.06™** 279+ 1.03%**
MDA 0.61+0.09 1.88+0.62%**  1.02+0.35™  1.83+0 .8]1%** 0.97 + 0.20% 0.77 + 0.13P**
PCO 056+ 0.22 212+ 0.91%** 1054037 1.59 + 0.63% 0.93+037™* 051+ 0.26™**

Values were expressed as mean + S.D, N = 6. Units: TC, HDL-C, TAG, LDL-C and uric acid were expressed as mg/dl, while MDA
p mol/L and PCO nmol/mg protein. a: Significantly different from control group, b: Significantly different from HC group. *: P <
0.05, **: P < 0.01, ***: P < 0.001. Abbreviations: TC; total cholesterol, HDL—C; high density lipoprotein cholesterol, TAG;
triacylglycerol, LDL—C; low density lipoprotein cholesterol, uric acid, MDA; malondialdehyde and PCO; protein carbonyl, HCD;
high cholesterol diet, LDFO; low dose of flaxseed oil, HDFO; high dose of flaxseed oil, ALA; alpha lipoic acid.

between ratsreceived HDFO and LDFO (P < 0.05).
Treatment of animaswith LA aloneor in combination
with HDFO maintains PSH when compared with HCD
rats. Moreover, our results showing that HCD aswell

veded that thisparameter was significantly decreased
by cholesterol feeding versus control animal (P <
0.001); furthermoreratsreceived HDFO havelow level
of PSH. Also, thereissignificant difference of PSH
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as consumption of HDFO beside HCD causesmarked
reduction of GSH leve inliver tissues(P<0.001, P<
0.05) compared with normal rats. Administration of
FO at high dose cause greater reduction of GSH level
than consumption of FO at low dose (P < 0.05).
Supplementation of ratswith LDFO, LA or LA with
HDFO treatment maintainsthe GSH level a vduesmi-
lar that of control rats. Moreover, our finding reveded

—— Regdular Peper

that thereissignificant devation of GPx activity by HCD
feeding (P <0.001) aswell asin group treated with
HDFO compared with the normal group (P < 0.05).
GPx activity is maintained either, by utilization of
LDFO, LA aoneor LA plusHDFO when compared
withHCD (P<0.001). TABLE 2 showsthestatistical
dataof these parameters.

Figure 3 depictsthestatistica dataof hepatic MDA

TABLE 2: Liver tissuelevelsof total lipids, total cholesterol, triacylglycerol, protein thiols, glutathione, and glutathione
peroxidaseinratsreceived in ratsreceived normal diet, high cholesterol diet or high cholester ol diet pluslow dose of flaxseed

oil, high dose of flaxseed oil and alphalipoic acid

Groupsof ratsreceived HCD with

Markers  Control HCD

LDFO HDFO LA HDFO +LA
TL 425+ 11.9 945k12.2%** 530+ 9.57%%* 56.6+13.5%** 51.7414.0%*%  44.9+14 3% x**
TC 6.55+2.15  32.246.49%**  14.3+2.68% Prxx 18044333 xxDrkx 14810 97 Prxx 10 143 | 7OR**
TAG 447+1.33  17.8+3.47%** 81542 33Px*x 9.11:42.73% Prxx 8.02+1.57** 5.97+1.6%**
PSH 105+9.95 56.3+ 13.5¢**  87.0+12.4%** 634+ 11.8%*% 913+ 13.3%*x 104+ 9.97%*
GSH 1214261 512+ 1.81%* 10.9+2.76 6.16+ 2.77%* 10.7 £3.06™* 12,7 +2.25%**
GPx 2.34+039 520+]1.59%** 3.44+0.95% 414+ 1.01%* 254+ (0.73%*% 257+ 0.60%**

Values were expressed as mean + S.D, N = 6. Units: TL, TC, TAG were express as mg/g of tissues, where PSH nmol/mg protein,
GSH p mol/gm of liver homogenate and GPx U/mg protein. a: Significantly different from control group, b: Significantly different
fromHCD group .*: P<0.05,**: P<0.01, ***: P<0.001. Abbreviations: TL; total lipids, TC; total cholesterol, TAG; triacylglyceral,

HCD; high cholesterol diet, LDFO; low dose of flaxseed oil, HDFO, high dose of flaxseed oil, ALA; alpha lipoic acid.

content which showed that liver MDA markedly el-
evated by feeding of HCD doneor incombinationwith
HDFO compared with normal diet feeding (P< 0.001).
Theratstreated with LA or HDFO plusLA have MDA
level smilar tothat of the control. Our observationindi-
cated that thereissignificant difference between liver
MDA level by administration of FO at low doseand at
high dose (P< 0.001). Additionally, inratsreceived

1004
BB Control

B3 HCD

B HCD +LDFO

[ HCD ~HDFO

HCD +ALA

HCD +HDFO +ALA

-]
(=]
1

MDA pmol/gm

Figure3: Effect of high cholester ol diet, low doseof flaxseed
oil, high dose of flaxseed oil and alphallipoic acid on hepatic
malondialdehydelevel p mol/gm of liver tissues

Values were expressed as mean + SD, (N= 6). a: Significantly
increased from control group, b: Significantly decreased from
HCD group .*: P<0.05, **: P<0.01, ***: P < 0.001. Abbrevia-
tions: HCD, high cholesterol diet; LDFO, low dose of flaxseed
oil; HDFO, high dose of flaxseed oil; ALA, alpha lipoic acid,
MDA; malondialdehyde.

HCD aswell asrats treated with HDFO; the serum
leve of thisparameter was S gnificantly increased com-
parison with norma control rats. HDFO plusLA exert
noticeable reduction of MDA level by 142%in com-
parisontoHCD (TABLE 1).

In comparison with ratsfeeding of normal dietary
chow, adminigtration of HCD caused significant deva
tion of PCO leve in both hepatic tissuesand serum (P

5y
i B Control
4 T BA HCD
e E3 HCD +LDFO
34 [ HCD +HDFO

HCD +ALA
HCD + HDFO +ALA

PCO nmol/mg protein

Figure4: Effect of effect of high cholesterol diet, low dose of
flaxseed oil, high dose of flaxseed oil and alphalipoicacid on
hepatic protein carbonyl content nmol/mg protein

Values were expressed as mean = SD, (N= 6). a: Significantly
increase from control group, b: Significantly decreased from
HCD group .*: P < 0.05, ***: P < 0.001. Abbreviations. HCD,
high cholesterol diet; LDFO, low dose of flaxseed cil; HDFO,
high dose of flaxseed qil; ALA, alpha lipoic acid, PCO; protein
carbonyl.
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<0.001); likewiserats supplemented withHDFO in
additiontoHCD 4till havehigh PCOlevel (P<0.05).
Incontrary LA administration with HCD significantly
attenuated PCO level compared with HCD feeding
aone (P<0.01). Group received HDFO has signifi-
cantly high level of liver PCO when compared with
group of animalsreceived LDFO (P < 0.05). More-
over the treatment of rats with HDFO plus LA pre-
serves PCO level at valuessimilar to that of controls
one. Serum PCO isrepresented in (TABLE 1) while
Figure 4 showsthe hepatic PCO content.

DISCUSSION

Previous study reported that consumption of large
amounts of PUFAscan reduce antioxidant protection,
leading toincreased peroxidation of lipoproteinswhich
may beresultin undesirable effects?. Therefore, this
study was conducted to assess the effect of largein-
take of FO on lipids profile in addition to some
biomarkers of oxidativestressinratsfedonHCD in
presence or absence of LA aslipophilic and hydro-
philicantioxidants.

Dyslipidemiainducedinour rat’s model received
HCD dueto the presence of cholic acid asone com-
ponent of HCD whichinhibitsthe 7 a-hydroxylase ac-
tivity, thekey enzymerequired for the conversion of
cholesterol into bileacids. Moreover HCitself isasso-
ciated with oxidative stresswhich increasesthe activity
of hydroxyl-methyl-glutaryl-CoA reductase, key en-
zyme, incholesteral biosynthesi§%. Thehypolipidemic
effect of FO isdueto the presence of high content of
PUFAs particularly dphalinolenic acid which playsan
important roleinmetabolism of TAG aswell asreverse
transport of cholesterol to theliver to be metabolized
intobileacidg®d. Lipidslowering effect of LA isattrib-
uted to preservation the activity lipids metabolizing en-
zymesthrough antioxidant effect(!,

HC isassociated withincrease of xanthineoxidase
activity; thereby provoke superoxide production®2. In
the present study activity of xanthine oxidasewasindi-
cated by estimation of serumuricacidlevel. Activation
of xanthine oxidase asaresult of increased ROS pro-
duction by HCD feeding isthe possible causefor in-
creasing theuricacid intheserum of ratsreceiving this
diet. In contrast the LA hasuric acid lowering effect

BIOCHEMISTRY (mm—

duetoitsbeneficia rolein therestoration of normal
activity of xanthine oxidaseby ROS scavenging effect!™.
Thehypolipidemiceffect of FO may beresponsiblefor
restoration of thenorma xanthineoxidaseactivity, there-
fore normalize the serum uric acid. In addition, the
supplementation with FO plusLA givesgreater reduc-
tion of lipidsprofileaswel |l asuric acid when compared
with HCD supplementation.

GPx isan oxidative stressinducible enzyme; the
increaseintheactivity of thisenzymeto counteract the
increased oxidative stress. GPx provides an effective
protection by utilizing GSH in thedegradation of per-
oxides®. In our findings, theincrease of GPx activity
by HCD feeding may be defense mechanism against
increased freeradicalsproduction. However GSH is
the substrate of GPx, the GSH level was decreased
dueto theincreased of GPx activity. Thesefindings,
aresimilar to the observation of previous studies sug-
gested that increase of GPx activity indifferent formsof
oxidative stresd*4, It has been reported that, antioxi-
dants supplementation inhibits superoxide production
adongwithretainingthenorma antioxidant tatus®. The
restoration of GPx activity and GSH leve by LA treat-
ment isdueto elther freeradica sscavenging ability or
by maintaining theleve of endogenousantioxidants.

Conversdy, the GPx activity isstill highand GSH
gatusislow inratsreceaived high dose FO besideHCD.
Thismay bedueto the consumption of GSH in protec-
tion against ROS produced by HCD or utilization of
GSH tominimizethe peroxidation of PUFAspresentin
FO. Furthermore, another study reported that inges-
tion of PUFAsrich oilswithout sufficient antioxidantsis
associated with adecreasein thelevel of endogenous
antioxidantg®. Additiondly dphalinolenic acid present
in FO may beact assubstratefor lipooxygenasewhich
consumethe GSH in biosynthesis of leukotrienes.

The decrease of GSH level by HCD makes the
lipidsmoretarget for ROS attack; moreover, superox-
ide can bereacted with nitric oxideto form peroxynitrite
which propagatethelipids peroxidation*”. HCD feed-
ingisassociated with significant increase of both serum
and liver MDA level in comparisonwith ratsreceived
norma diet. However, LA iswater and fat solubleanti-
oxidant makesit highly effectiveinreducing MDA leve
in both aqueous and fatty phases®. Ontheother hand
ratstreated with high dose of FO ill havehighlevel of
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MDA. Thesefinding arein agreement with severd study
reported that administration of PUFAsdietrichisas
sociated with increased of MDA level 49, Moreover
MDA isformed as by product during the production of
ecosanoidsfrom PUFAS.

The protein carbonyl content in serumand liver of
HCD fed animalswasfound to increase while, PSH
content inliver tissueswere markedly decreased com-
pared with normd rats. Thesefindingsarein agreement
with the previous study demonstrated that thereisan
increase of protein oxidation in responseto oxidative
stres§*Y. GSH s restoring the damage molecules
through hydrogen donation, reduction of peroxidefor-
mationin addition to preservation of proteinthiols*2.
Thedecline of GSH level isthe possiblecausefor in-
creased protein oxidation asaresult of HCD feeding.
Treatment with LA restores PSH level sand attenuates
PCOformationinratscompared withHC animals. As
we mentioned before, LA increasesGSH level either
by maintaining of level or by increasingthecd lular up-
take of the substrates for GSH biosynthesig®®. This
clearly indicatesthat thetreatment with LA attenuates
theoxidativestress, by the prevention of oxidative dam-
ageof proteinwhichinvolvedincdlular damagesunder
theeffect of HC.

CONCLUSION

Although FO administrationimproveslipidsabnor-
mality that caused by feeding of HCD, thelargeintake
of FO hasdeleterious effectson GSH and protein thi-
olslevesthusincreasethe propendty of lipidsand pro-
tein oxidation. LA normalizesthe elevated oxidative
stress biomarker (GPx, MDA, PCO and uricacid) in
additionto lipidslowering effects. It issuggested that
supplementation of antioxidantslike LA isnecessary
during thelipidslowering therapy especidly with oils
richinPUFAs.
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