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ABSTRACT

Diabetes mellitus is a complex metabolic disordssogiated with chronic hyperglycaemia and hypergsucia
arising from insulin deficiency. It is accompanidty dyslipidemia, a major risk factor contributing t
cardiovascular diseases. Therefore, the effectsndga-3 fatty acid (O3FA) supplement on plasmahsvgyte and
lipoproteins lipid profiles as well as aryl esteeaactivities in plasma and the lipoproteins of alia-induced (150
mg/kg body weight (b.wt), intraperitoneally) diabemale rats were investigated. O3FA (0.4 g/kg kiawt) was
administered as pre- and post- treatment for 2 we@ke blood parameters were measured spectropledticaily.
The lipid levels were significantly increased (p&®). in the various compartments of the diabetis rathe increase
was from 30% - 107% for cholesterol, 20% - 52% pbospholipid and 38% - 111% for triacylglycerol.pld
peroxidation was also increased from 67% in exthata fluid to 164% in the high density lipoproteiHDL)
compartment. O3FA administration significantly redd (p<0.05) the levels of cholesterol, phosphdliphd
triacylglycerol by varying extents in the variouwsngpartments while increasing cholesterol and phoBpid levels
in HDL. Lipid peroxidation was significantly redut€p<0.05) by O3FA suggesting that it has protecteffect
against oxidative damage. Aryl esterase activiliethe lipoproteins were also activated by suppletaton with
O3FA (except in HDL pre-treatment). This study @ats that O3FA supplement attenuates dyslipidemia
associated with diabetes mellitus and should blided in diets for prevention and treatment of dias mellitus.
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INTRODUCTION

Diabetes mellitus, often simply referred to as diab, is a group of metabolic diseases in whickragm has high
blood sugar, either because the body does not peogitiough insulin, or because cells do not respmiige insulin
that is produced [1].

The complications which may result from diabetedlitne include chronic and acute complications sashdiabetic
retinopathy, diabetic nephropathy, diabetic foateus$, cardiovascular diseases and macrovascuksisgis such as
ischemic heart diseases (angina and myocardiaitida), stroke and peripheral vascular diseaseAZjrominent
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biochemical mechanism of the pathogenesis of tleesplications is disorder of lipid metabolisWhile it was
estimated that 150 million people suffer from diglsemellitus, and the number might double in 2025WHO [3],
the IDF [4] estimated that 382 million people hadbe&tes and that by 2030, this number will almostide.
Diabetes affects approximately 6.4% of the worlgipulation with the highest prevalence in North Aicee and
Caribbean (10.2%) followed by middle East and No#thica (9.3%) [4]. Most of the cases of diabetes i
developing countries occur due to population growththealthy diets, ageing, obesity and sedentéagtiile [3].
Hyperlipidemia is an associated complication obdtas mellitus [5]. The ability of a hypolipidenagent to lower
blood glucose levels is a significant advantagthenmanagement of diabetes mellitus. However, obofrblood
glucose levels is only one goal of a healthy eatitem for people with diabetes. A diet for thosahwiiabetes
should also help achieve and maintain a normal pcelght as well as prevent heart and vascular géseshich are
frequent complications of diabetes [6].

Aryl esterase, also known as paraoxonase (PON13, lisgh density lipoprotein (HDL) linked enzyme i
hydrolyzes phenyl acetate to phenol and acetaitealtalcium-dependent esterase [7]. The human g family
consists of three members, PON1, PON2, and POMBeal next to each other on chromosome 7 [8]. Gateral
physiological function of PON1 appears to be theafmelism of toxicoxidized lipids of both low densitpoprotein
(LDL) particles as well as HDL particles [9]. Stadiin the last 2 decades have demonstrated PONility &

protect against atherosclerosis by hydrolyzing gigederivatives of oxidized cholesterol and/or gpbolipids in
oxidized low-density lipoprotein and in atherosotér lesions. It may also be an important modulabdr
cardiovascular disease risk [10, 11 and 12].

Omega-3 fatty acids (O3FA) from seafood and planiraes can reduce coronary heart disease [13].eTiser
evidence that rheumatoid arthritis sufferers takD®FA have reduced pain compared to those recestiaugdard

non-steroidal antiinflamatory drugs. The possibkchanism of anti-inflammatory effect of O3FA is tiecreased
levels of arachidonic acid inflammatory pathwayhe cells [14]. Administration of O3FA to a groupla! patients

with familial combined hyperlipidemia for eight weeresulted in a modest (10%) but significant iaseein plasma
PON1 concentration [15].

Therefore, the effects of omega-3 fatty acid (O3BApplement on plasma and erythrocyte lipid prefitend
arylesterase activities in plasma and the lipojmetef alloxan-induced diabetic male rats were gtigated.

MATERIALSAND METHODS

Experimental Animals

Thirty-five male albino rats, weighing 145-220g wersed for this study. They were housed in a qoi@n with
12:12-hr light-dark cycle room temperature;@5Acclimatizing was for two weeks, after which yheere divided
into seven groups of five animals each. The nomroatrol rats were given distilled water and parefiil; control
diabetic rats: alloxan and paraffin oil; control ega-3 fatty acid rats: distilled water and omedat8/ acids; post-
treatment rats: alloxan followed by omega-3 fattidapre-treatment rats: omega-3 fatty acid follavisy alloxan;
Control baseline and diabetic baseline rats wespedtively given distilled water and alloxan onlyater and rat
chow were providead libitum The rats were checked daily and their body weigbgre recorded accordingly till
the end of the experiment.

Induction of Diabetes

Diabetogenesis in the rats was by intraperitongattion of alloxan monohydrate following the medbmf Al-Haj
Baddar et al [16] and Rajasekaran et al [17] &fteB hr fasting with modification. The rats were atbowed to eat
but had free access to water over 2 days. They theregiven 5% glucose solution over 24 hours afiiection to
overcome drug-induced hypoglycemia. The blood glectevel of the rats was determined before and afte
induction of diabetes at two days interval for sedays using an on-call glucometer and test strigsufactured by
CAN laboratory, Inc., USA. Rats with fasting blogtlicose greater than 200 mg/dl were consideredetimbnd
used in the study.

Administration of Omega-3 fatty acid supplement

Omega-3 fatty acid (containing 1000 mg Pure Saloibaf 320 mg EPA and 180 mg DHA) was administefi@ad?
weeks to the rats orally at the dosage of 0.4 dpady weight of rats/day. Omega-3 fatty acid capswiere
obtained from NOW FOODS, Bloomingdale, IL, USA.
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Samples collection

After nineteen days of treatment, the rats wereghed and sacrificed after overnight fast undertligther
anaesthesia. Blood samples were collected by carpiimcture using heparinised needle and syringes in
heparinised tubes. The blood samples were cengdfag 4,000rpm for 10minutes to separate the pldsonathe
red blood cells (RBC).

I solation of HDL

The procedure of Gidez et al [18] was used to tediDL from plasma. Heparim-Mng(20ul) was added to 200ul
of plasma in a test tube and the resultant mixtwae thoroughly mixed and allowed to stand for 16.mihis was
centrifuged at 4000 rpm for 20 min. and the supamtadecanted into Eppendorf tubes. The supernétdit) and
residue very low density lipoprotein + low dendipoprotein (VLDL+LDL) were stored at -20 °C for aysis.

Biochemical analyses

Plasma and HDL lipid profiles

The plasma and HDL concentrations of total chotestetriacylglycerol and phospholipid were deteredn
spectrophotometrically using Cypress diagnostig. kit

RBC lipid profile

Lipids were extracted from the RBC using chloroforisopropanol (7:11, v/v) as described by Rose @kidnder

[19]. For cholesterol determination, 0.1 ml of RB&ract was evaporated to dryness aC68nd 20 pl of Triton X-
100/chloroform mixture (1:1, v/v) was added to tieed extract for resolution. This was evaporatgdimand then
1 ml of the cholesterol kit reagent was added, ohigad incubated for 30 min. before reading the dizswe.

Triacylglycerol concentration was determined byprating to dryness 0.1 ml of the extract and theéding 0.1 ml

of 97% ethanol to re-suspend the dried lipid. Tie #uspension, 1 ml of the triacylglycerol kit reagwas added,
mixed and incubated for 30 min. before the absarbarading was taken. For phospholipids detern@naf.1 ml

of the extract was evaporated and 1 ml of the phalgmd kit reagent was added, mixed and incub&e®0 min.

before taking absorbance reading.

Determination of aryl esterase activity in plasma, HDL and VLDL

Paraoxonase (PON1) activity as aryl esterase ywingylacetate as substrate was determined in plaschélDL in
100 mM Tris-acetate buffer containing 10 mM Calciahoride as described by Junge and Klees [20]. rate of
phenol generation was monitored at 270 nm and anredtinction coefficient of 148 was used to cedbelthe
enzyme activity.

Phenylacetate solution (1.0 ml) was added to 1.0frilris-acetate buffer and allowed to stand fomii@. at room
temperature. The mixture was poured into a quanztte and used to zero the spectrophotometer; 28enl of
HDL or 10 pl of plasma was added and mixed thorbugrhe absorbances of the different samples weae &t
270nm and at 30 sec interval for 3 min.

For VLDL aryl esterase activity, the precipitated.DL+LDL was first brought to original plasma volunmzy
adding 100 mM Tris-acetate buffer after which tH@NPactivity associated with the fraction was detfeed as
above.

Estimation of lipid peroxidation

Lipid peroxidation was determined according to finecedure of Bouge and Aust [21] spectrophotomedtyidoy
measuring the thiobarbituric acid reactive subsan@BARS) in the various compartments. An alig{@1 ml) of
the supernatant was treated with 2 ml of the TBagent (thiobarbituric acid, hydrochloric acid, Tiieroacetic
acid in 1:1:1 v/v/v). It was incubated at 95 for 15 min, placed on ice and then centrifugduk Elear supernatant
was then read at 535 nm.

Statistical analyses

Results are expressed as mean + standard dev{&tibh and the level of homogeneity among the resafligroups
was tested using analysis of variance (ANOVA) witkx 0.05 considered as significant. Where hetereige
occurred, the groups were separated using DuncdtipMuRange Test (DMRT). All analyses were dongs
Statistical Package for Social Sciences (SPSSjoreis.
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RESULTSAND DISCUSSION

The effects of O3FA supplementation on cholestkretls in the plasma, RBC and the lipoproteins slaswn in
table 1. Cholesterol levels were significantly (p<05) increased in the diabetic groups comparethdocontrol
groups in plasma and RBC. The percentage increageicholesterol level in the plasma and RBC efdlabetic
control were 30 and 107 compared with the normatroh The reverse was observed for the HDL chelest As
observed in the fluids, the cholesterol levels blLland VLDL were elevated in the diabetic groupsamparison

to the control groups. The O3FA supplementatiomificantly (p< 0.05) reduced the cholesterol levigisthe
plasma (18%, 19%) and RBC (56%, 61%), LDL (44%, B3&¥d VLDL (40%, 22%) in the diabetic omega-3 and
omega-3 diabetic groups respectively except HDLretan increase (102%, 69%), was observed when gechpa
with diabetic control group.

Table 1. Effects of O3FA on cholesterol levels (mg/dL) in plasma, RBC and lipoproteins

Group Plasma RBC HDL LDL VLDL
Normal control 61.97+4.06 40.74+1.09 25.20+7.02 29.09+2.00 9.68+0.18
Diabetic control 80.75+7.02 84.53+4.61 18.65+1.68 39.45+3.75 18.86+2.75

Omega-3 control ~ 54.97+479 39.06+1.28 38.18+8.65 8.52+2.78  g8.14+0.08
Diabetic omega-3 66.25+9.01  37.46+0.4% 33.69+8.47 22.25+1.28 11.28+1.57
Omega-3 diabetic 65.22+9.17 32.84+1.28 28.19+4.01 24.30+1.50 14.72+1.08
Control baseline 64.02+49.63 31.35+1.78 26.49+2.64 28.58+2.50 10.95+1.1¢
Diabetic baseline ~ 110.87+1049 54.38+6.75 20.59+5.28 66.40+3.50 20.53+2.05
Values are mean +S.D (n=5). Values with differemperscript are significantly different from oneoétmer (p<0.05)

In table 2, the effects of O3FA on triacylglycetevels in HDL, plasma and RBC were summarized. dlegated
triacylglycerol level was sustained throughout theeriment as shown by the values obtained fordihbetic
baseline and the diabetic control. The triacylgitgtéevel of the diabetic groups was significanhx 0.05) higher
than their control groups and the increase was 38% and 77% in the HDL, RBC and plasma respdgtinethe
diabetic control compared with normal control. O3gUdpplementation reduced the elevated triacylgbidewrel in

the plasma of the diabetic control by 37% and 23%athe diabetic omega-3 and omega-3 diabetic groups
respectively. The reduction of the triacylglyceinlthe HDL of the diabetic control was 34% and 3Wthe
diabetic omega 3 and omega 3 diabetic accordingly.

Table 3 depicts the effects of O3FA on phospholipictls in the HDL, plasma and RBC. There wereadiens in
phospholipid levels in plasma and RBC of the di@banhimals and the reverse was the case for HDle Th
phospholipid levels in the plasma and RBC of thabdtic groups were significantly (p<0.05) higheaarthhat of the
normal control. The administration of O3FA redutld phospholipid levels in the RBC of the diabetatrol by
36% and 30% in the diabetic omega-3 and omega-Betia groups respectively. The reduction in the
phospholipids’ level of HDL was 32% in the diabetiontrol compared with normal control. O3FA incredgshe
phospholipids’ level of the HDL by 42% and 55% lre tdiabetic omega 3 and omega 3 diabetic grouppawd
with diabetic control respectively.

Table 2. Effects of O3FA on triacylglycerol levels (mg/dL) in plasma, RBC and HDL

Group Plasma RBC HDL
Normal control 46.45+6.26 20.34+1.89 20.69+6.97
Diabetic control 82.26+4.86 42.90+3.52 28.65+1.65
Omega-3 control ~ 39.72+6.36 17.36+1.40 15.09+4.11
Diabetic omega-3 51.45+7.77 30.69+1.78 18.81+2.47
Omega-3 diabetic 62.99+4.1°0 28.40+2.07 18.19+4.0%1
Control baseline 51.07+7.27 21.32+3.05 20.93+5.94
Diabetic baselir ~ 109.07:5.94 43.85+2.4° 30.09+1.4¢
Values are mean +S.D (n=5). Values with differemperscript are significantly different from oneoétmer (p<0.05)
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Table 3. Effects of O3FA on phospholipid levels (mg/dL) in plasma, RBC and HDL

Group Plasma RBC HDL
Normal control  110.85+26.51 160.01+9.98 102.58+16.97
Diabetic control ~ 133.26+22.84 242.90+13.7%  69.68+9.48
Omega-3 control ~ 92.72+17.97 91.16+11.22 110.64+14.11
Diabetic omega-3 111.62+21.90 155.86+12.58 98.93+12.47
Omega-3 diabetic 111.13+20.62 187.11+17.18 108.09+14.01
Control baseline 94.73+1618 153.98+13.86 92.13+11.33
Diabetic baseline ~ 145.93+39%7 243.88+13.95 80.68+11.48

Values are mean +S.D (n=5). Values with differemperscript are significantly different from oneoétmer (p<0.05)

Table 4 is the summary of the effect of O3FA ondltieerogenic and coronary risk indices. There wsigificant
(p< 0.05) elevation of the atherogenic and coromisly indices of the diabetic groups compared wiith normal
control. The increase in the atherogenic and coyorisk indices was 27% and 19% in diabetic contmnpared
with normal control. O3FA supplementation redudee atherogenic and coronary risk indices respdgtivethe
diabetic omega-3 group by 48% and 37% while theicgdn amounted to 36% and 24% in the omega-3 t@be

group.

Table4. Effect of O3FA on atherogenic and coronary risk indices (Al and CRI)

Group Al CRI
Normal control 1.21+0.06 2.81+0.08
Diabetic contrc ~ 1.54+0.1 3.3520.1"
Omega-3 control ~ 0.23+0.B7 1.43+0.08
Diabetic omega-3 0.80+0.0. 2.12+0.12

Omega-3 diabetic 0.98+0.05 2.56+0.18
Control baseline 1.20+0.18 2.65+0.06
Diabetic baseline  3.01+0.17 5.02+0.17
Values are mean +£S.D (n=5). Values with differsumperscript are significantly different
from one another (p<0.05)

The effects of O3FA on lipid peroxidation in HDLUapma and RBC are shown in table 5. Lipid peroxitatvas
elevated in the diabetic baseline and sustainemgltine experiment. There was a significant (p<pi@brease in
lipid peroxidation of the diabetic control companeilh normal control. The increase was 67%, 68% B840 in
the plasma, RBC and HDL accordingly. O3FA suppletatgom reduced the lipid peroxidation of plasma,(Rénd
HDL respectively by 30%, 33% and 55% in diabeticegan-3 and 28%, 23% and 39% in omega-3 diabeticpgrou
compared with diabetic control.

Table5. Effect of O3FA on lipid peroxidation in plasma, RBC and HDL

Group Plasma(nM) RBC (uM) HDL (nM)
Normal control 263+02° 0.31+0.13 2.14+0.65
Diabetic control 4.38+0.55 0.52+0.13 5.64+0.47
Omega-3 control 1.96+0.51 0.35+0.14 2.16+1.11
Diabetic omega-3 3.08+05¢ 0.35%0.2% 2.56+0.46
Omega-3 diabetic 3.14+0.64 0.40+0.08 3.46+0.74
Control baseline 2.63+0.09 0.37+0.12 1.90+0.76
Diabetic baseline  4.23+0.87 0.43+0.1% 4.28+1.48

Values are mean +S.D (n=5). Values with differemperscript are significantly different from oneoétmer (p<0.05)

Figure 1 shows the graph of the effect of O3FA otivity of aryl esterase in the plasma of the adimBiabetes
significantly (p<0.05) reduced the activity of tezyme, aryl esterase. There was no significar@.(®) difference
between the aryl esterase activity of the normatroh omega-3 control and control baseline grodpsl esterase
activity of the normal control group was about 4dfof the diabetic control group. O3FA increased asterase
activity of the diabetic groups by 2.1 and 2.4 $old the diabetic omega-3 and omega-3 diabeticpgrou

Figure 2 depicts the graph of the effect of O3FAactivity of aryl esterase in the VLDL of the animarhe activity
of the enzyme was reduced in the diabetic statth@fanimals. The activity of aryl esterase was iggmtly
(p<0.05) reduced by 133% in the diabetic contrahpared with the normal control group. The admiaitsbn of
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O3FA increased the activity by 24% and 38% in tiabdetic omega-3 fatty acid omega-3 diabetic grolipere was
no significant (p<0.05) difference between omegeedtrol, diabetic omega-3, omega-3 diabetic andtrobn
baseline groups.
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Figure 1. Graph of effectsof O3FA on aryl esterase activity (units/ml) in the plasma of the animals
Each bar represents the meansS.D of 5 rats. Batls different alphabets are significantly differetitp<0.05. CTR: Normal control, CD:
Control diabetic, CO: | Omega-3 control, DO: Dialiebmega-3, OD: Omega-3 diabetic, CB: Control base|DB: Diabetic baseline
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Figure 2. Graph of effects of O3FA on aryl esterase activity in the VLDL of the animals
Each bar represents the meansS.D of 5 rats. Batls different alphabets are significantly differetitp<0.05. CTR: Normal control, CD:
Control diabetic, CO: | Omega-3 control, DO: Diallrbmega-3, OD: Omega-3 diabetic, CB: Control bameIDB: Diabetic baseline

135
Pelagia Research Library



Regina N. Ugbaja et al Der Chemica Sinica, 2014, 5(3):130-139

Figure 3 shows the graph of the effect of O3FA otivay of aryl esterase in the HDL of the animaltie activity
of aryl esterase was significantly (p<0.05) reducethe diabetic groups compared with normal cdrgroup and
the decrease was by 86% comparing diabetic comtitbl normal control. The supplementation of omegzF®
increased the activity of aryl esterase by 36%hadiabetic omega-3 group while a decrease of 2% abserved
in omega-3 diabetic group compared with diabetittrmd. There was no significant (p<0.05) differeretween the
activities of aryl esterase in normal control, om&gcontrol and control baseline groups.

30.0000 -

a a
25.0000 - d
20,0000 - .
15.0000 - X b
10.0000 -
. 5.0000 - '
0000 . . . . . .
CTR CD OD CB DB

s

5.0000 +

2

I

HDI, arylesterase activity (units/ml)

a
_ CO DO _ _
Group

Figure 3: Graph of effectsof O3FA on aryl esterase activity in the HDL of the animals
Each bar represents the mean+S.D of 5 rats. Batls different alphabets are significantly differetitp<0.05. CTR: Normal control, CD:
Control diabetic, CO: | Omega-3 control, DO: Dialiebmega-3, OD: Omega-3 diabetic, CB: Control baee|DB: Diabetic baseline

Diabetes mellitus is a metabolic disorder thatsisogiated with perturbations in lipid metabolismthis study, the
induction of diabetes in the rats led to a diaba$isociated dyslipidemia as illustrated by theifiggmtly increased
levels of cholesterol, phospholipid, triacylglyckrand lipid peroxidation in the blood compartmenihese
observations were consistent with the results dfegastudies [22, 23 and 24] which showed thabdjpnesis is
elevated in this condition. These expressed theiapithat when this condition is not managed prgpércan lead
to the onset of cardiovascular diseases amongsofRg}.

The administration of O3FA alleviated the dyslipida observed in the alloxan-induced diabetic ratss is in
accordance with the suggestion that omega-3 fatty@obably modified the fatty acid componentzeils [26]. It
may also be an indication of progressive metatmittrol of O3FA on mechanisms involved in elimioatiof the
lipids from the body. O3FA supplementation redupdasma, RBC and lipoproteins lipid profiles (excéfibL
cholesterol and phospholipid levels) in the O3Fdated diabetic groups compared to diabetic untlegteups.
This suggests that O3FA may have beneficial effeatsncreasing insulin sensitivity in experimentaihduced
diabetic rats [27].

It could also probably be that it down-regulatedvilgy of modulation of the gene expression for theyees of
their syntheses [28]. This is shown in the caseholesterol by the increase in the ratio of hepatihyydroxyl -p -
methyl glutaryl CoA to mevalonate indicating an ibition of cholesterogenesis [24]. Another mechanisf
cholesterol level control in the system is the HIMthis study, cholesterol and phospholipid leval$iDL were
significantly (p<0.05) reduced in the untreatedbediic group. Well documented is the role of HDL reverse
cholesterol transport, it has been recognized te lther important cardioprotective properties Whitclude the
ability to protect LDL from oxidative modificatiof29]. Mackness et 4B0] suggested that a direct role for HDL in
preventing atherosclerosis is probably by an enzymicess which prevents the accumulation of Iggdbxides on
LDL.
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HDL is the most complicated and diverse of the gimbeins, as they contain many different proteinstibuents,
whose main purpose is to enable secretion of ctest#srom cells, esterification of cholesterolptasma, transfer
of cholesterol to other lipoproteins, and the netof cholesterol to the liver for excretion — a gges that has been
termed ‘reverse cholesterol transport’. In otherdgp HDL removes excess cholesterol from periphi&salies and
delivers it to the liver for excretion in bile imea form of bile acids [31]. They have an importémntction in
triacylglycerol transport by facilitating the aaivon of lipoprotein lipase, in the transfer ohtiylglycerols between
lipoprotein classes, and in the removal of chylaoncaremnants and VLDL enriched in triacylglycerf88].

Other key components of HDL include anti-oxidateezymes and phospholipid transfer proteins. It @nés the
oxidation of LDL and limits the concentrations oXidized components, which might otherwise rendeamth
atherogenic. Thus, human serum paraoxonase, aiwatigpendent enzyme associated with HDL, is redadxte
catalyze the hydrolysis of oxidized fatty acidsnrghospholipids and prevents the accumulation afiped lipids
in lipoproteins, especially LDL [9 and 33]. Obsatvia this study was a decrease in the activityhig €nzyme
which was reversed by O3FA supplementation. Thisedywith a study where O3FA was administered gooap
of 14 patients with familial combined hyperlipidearfior eight weeks, resulted in a modest (10%) brtificant
increase in plasma PON1 concentration [15]. PONd dtality to protect against atherosclerosis byrblaing
specific derivatives of oxidized cholesterol andfamospholipids in oxidized low-density lipoproteand in
atherosclerotic lesions. Therefore being an immbma@odulator of cardiovascular disease risk [10add 12]. There
are a number of epidemiological studies that hasmmahstrated that low concentrations of HDL cholesdtare
associated with a higher risk of atherosclerosibak been reported that HDL may protect agaifmstrasclerosis
via the promotion of reverse cholesterol transf&#tand 34].

LDL are the main carriers of cholesterol to theemdits and adipose tissue, where there are receptpuging Apo
B100 that are able to take in the LDL by a simpaocess to that occurring in liver [31]. Higher centrations of
LDL cholesterol as observed in the untreated diebgrioup of this study have been associated witheissing
severity of cardiovascular disease, although tipeemental correlations are not as good as for HOie levels of
Apo B and of Apo C3 in plasma may be good predgctifrthe risk of coronary heart disease. For examisho B
may mediate the interaction between LDL and thesrait wall, and this may initiate the developmerit o
atherosclerosis [34]. Indeed, virtually all of tApo B-containing lipoproteins can pass throughehdothelial layer
of arteries and initiate atherogenesis, but thellsmiaDL are especially atherogenic because thegrethe plaques
with relative ease and have a high content of chetel [34]. Thus, they provide substrates thajger plaque
initiation and growth.

Thiobarbituric acid reactive species (TBARS) araurglly present in biological species and inclugdrbperoxides
and aldehydes which increase in concentrationgpaese to oxidative stress. The assay values aedlyiseported
in malondialdehyde (MDA) which is one of the finaoducts of polyunsaturated fatty acids peroxidaiio the
cells, increase in free radicals causes an oveugtimth of MDA. Malondialdehyde level is commonlydwin as a
marker of oxidative stress and antioxidant staBi§. [Lipid peroxidation was significantly increasidthe diabetic
group in all the compartments. This was in agreeméth the studies of Mete et al [36h the present study, these
interactions have been confirmed by significantrdase in MDA in the omega-3 control group. The Bjec
biological mechanism for the beneficial effect @FA on lipid peroxidation has not been fully esisiiebd. Several
data indicated that O3FA may play a key role inrdasing the cardiovascular complications of diabf3@].

Furthermore, MDA has been shown to affect thenstd mechanical properties of the plasma membrasating
in decreased deformability [38]. Dietary supplenadioh with (O3FA) has been reported to possibly aerue
resistance to free radical injury and thereforaicedipid peroxidation in the organism through acréased plasma
antioxidant capability [39]. This study was in agmeent with the findings of Harding et al [40] irhieh it was
discovered that O3FA supplementation led to a Bait decrease in MDA level of control O3FA aneated
groups. They suggested that O3FA up-regulate gepeession of antioxidant enzymes and down reguderees
associated with production of reactive oxygen sggci

CONCLUSION

The results demonstrated that O3FA supplementaiigmificantly improved blood lipid profiles. Thefe€t was
however more significant in the pre-treatment tirarthe post-treatment. It is therefore worthy taggest that
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omega-3 fatty acid should be included in dietsrevent the development of disorders relating tdelies mellitus,
cardiovascular diseases among so many others.
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