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1. Introduction

ABSTRACT

Objective: To investigate the effects of different dietary fat and oils (differing in their degree of
saturation and unsaturation) on lipid peroxidation in liver and blood of rats.

Methods: The study was conducted on 50 albino rats that were randomly divided into 5 groups
of 10 animals. The groups were fed on dietary butter (Group I), margarine (Group II), olive oil
(Group III), sunflower oil (Group TV) and corn oil (Group V) for 7 weeks. After 12 h of diet removal,
livers were excised and blood was collected to measure malondialdehyde (MDA) levels in the
supernatant of liver homogenate and in blood. Blood superoxide dismutase activity (SOD),
glutathione peroxidase activity (GPx), serum vitamin E and total antioxidant capacity (TAC) levels
were also measured to determine the effects of fats and oils on lipid peroxidation.

Results: The results indicated that no significant differences were observed in SOD activity,
vitamin E and TAC levels between the five groups. However, there was significant decrease of GPx
activity in groups IV and V when compared with other groups. The results indicated that feeding
corn oil caused significant increases in liver and blood MDA levels as compared with other oils
and fats. There were positive correlations between SOD and GPx, vitamin E and TAC as well as
between GPx and TAC (r: 0.743; P<0.001) and between blood MDA and liver MDA (r: 0.897; P<0.001).
The results showed also negative correlations between blood MDA on one hand and SoD, Gpx,
vitamin E and TAC on the other hand.

Conclusions: The results demonstrated that feeding oils rich in polyunsaturated fatty acids (PUFA)
increases lipid peroxidation significantly and may raise the susceptibility of tissues to free radical
oxidative damage.

KEYWORDS
Vegetable oils, Butter, Margarine, Polyunsaturated fatty acids (PUFA), Lipid peroxidation,
Malondialdehyde (MDA), Superoxide dismutase activity (SOD), Glutathione peroxidase activity (GPx)

and transport of lipid—soluble vitamins through the

bloodstreaml6-10]. As an important constituent of cell

Lipids are an essential component of the diet as
they are among the major sources of energy second to

carbohydratesl1-5]. Lipids are required for the absorption

membranes, lipids also play specific roles in membrane
signaling events. Thus cell development certain lipids

are indicators of cellular events, and lipid concentration
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can represent physiological conditions of cells(11-13]. The
incidence of cardiovascular disease is correlated with
diets high in saturated fatty acids (SFA). Animal fats, which
contain higher proportions of SFA, increase the risk of
vascular system diseases. Numerous studies indicate that
butter elevates the level of total cholesterol, low density
lipoprotein (LDL) and triacylglycerols. Tt has also been
reported that consumption of dietary butter contributes
to hypercholesterolemia due to its high content of SFAl14].
Margarine made from corn or sunflower oils is much lower in
SFA than butter. Substitution of margarine for dietary butter
reduces total cholesterol and LDL levelsl15]. By reducing
serum cholesterol levels without any effect on high-
density lipoprotein (HDL) cholesterol levels, olive oil rich in
monounsaturated fatty acids shows protective effects against
arteriosclerosis(16.17]. Recently, consumption of sunflower
and corn oils has increased. These oils are quite rich in
linoleic acid which is an essential PUFA. Although sunflower
and corn oils reduce cholesterol synthesis and thus its level,
they are considered as risk factors for the sensitivities to
free radical formation because of their high contents of
PUFA. It is we known that PUFA are more susceptible to lipid
peroxidation than SFA[18-20],

In organisms, endogenous and exogenous free radicals
can damage structures of lipids, proteins, carbohydrates and
nucleic acids by interacting with them and can subsequently
produce new free radicals(2ll. Among all biomolecules,
lipids are the most sensitive molecules to free radicals.
Double bonds in fatty acids form peroxide products by
reacting with free radicals and lipid radicals can be formed
subsequently upon removal of electrons(22l. As a result of
lipid peroxidation, malondialdehyde (MDA, a genotoxic
harmful degradative byproduct of lipid peroxidation) can be
formed in cell membranes. MDA shows both mutagenic and
carcinogenic effects by changing membrane properties(23.24].
Organisms protect themselves from harmful effects of
free radicals by antioxidant defense mechanisms. The
antioxidant system involves both enzymatic and non-
enzymatic antioxidants. The fast step in the enzymatic
system is superoxide dismutase (SOD), which catalyzes
the dismutation of superoxide anion (07 to H,C,. The
conversion of H,0 to H,0, by either glutathione peroxidase
(GPx) or catalase forms the second step of enzymatic system.
Superoxide dismutase and GPx enzyme activities and the
balance between them are very crucial protection against
oxidative stressl25-271. Lipid—soluble vitamin E is a non—
enzymatic antioxidant which plays a significant role in the
protection of the cell membrane and against LDL cholesterol
as well. It can reduce free radicals and it has the most action

to break the chain reaction in lipid peroxidation(27-29]. The

measure of total antioxidant capacity (TAC), which is the
cumulative action of all the antioxidants present in plasma,
provides an insight into the delicate balance in vivo between
oxidants and antioxidants[3031].

The objectives of this study were to demonstrate the
influence of dietary butter, margarine, olive oil, sunflower oil
and corn oil on liver and blood lipid peroxidation in albino
rats by measuring MDA levels in blood and liver, and to
assess the antioxidant activity in these animals by measuring
SOD and GPx activities as well as, vitamin E and TAC levels in
blood to determine the dietary oils most susceptible to lipid

peroxidation.

2. Materials and methods
2.1. Fats and oils

Corn oil, sunflower oil, olive oil, butter and margarine
were obtained from local market in Kingdom of Saudi
Arabia. Fatty acids were transesterified into FAME using
N—trimethylsulfoniumhydroxide (Macherey—Nagel, Diiren,
Germany) according to the procedure reported by Ramadan
et al132l. FAME were identified on a Shimadzu GC—14A
equipped with flame ionisation detector and C—R4AX
chromatopac integrator (Kyoto, Japan). The flow rate of the
carrier gas helium was 0.6 mL/min and the split value with
a ratio of 1:40. A sample of 1 uL was injected on a 30 mx0.25
mmx0.2 um film thickness Supelco SPTM—2380 (Bellefonte,
PA, USA) capillary column. The injector and flame ionisation
detector temperature was set at 250 °C. The initial column
temperature was 100 °C programmed by 5 °C/min until 175 °C
and kept 10 min at 175 °C, then 8 °C/min until 220 °C and kept
10 min at 220 °C. A comparison between the retention times
of the samples with those of authentic standard mixture
(Sigma, St. Louis, MO, USA; 999 purity specific for GLC), run
on the same column under the same conditions, was made to
facilitate identification. Reagents and chemicals used in the

study were of the highest purity available.
2.2. Experimental animal protocol

Fifty white albino rats of both sexes were used in this
study. The animals were obtained from faculty of pharmacy,
King Saud University (Kingdom of Saudi Arabia). All
animals were kept under normal healthy conditions and fed
on a basal diet for one week. The animals were randomly
allocated into five groups (each group of 10) of approximately
equal average body weight (100-150 g). Utmost care was

taken to provide equal physical and environmental housing
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conditions (namely size of units, light, temperature and
aeration). The units were illuminated 24 h a day. Tap water
supply for all rats was adjusted by calculating the volume
of fluid intake per day per rat as follows: the volume of fluid
intake was estimation daily per cage (every cage contained
five rats) for the whole duration of the work. The volume
of fluid intake was calculated per day and divided by the
number of rats per cage to get the average volume of fluid
intake per day per rat. All experimental procedures used
were in accordance with the published ethical guidelines
for the animal use and care.

In the first week, all groups were fed a basal diet
composed of 89.29 dry matter, 20.93% crude protein,
4.919% etude cellulose, 5.31% ash, 2.839% crude oil, 0.73%
methionine-cysteine, 1.01% lysine, 0.9% calcium and
0.68% phosphor with a 2830 kcal/kg metabolic energy. The
selected lipids were added to respective diets as 5.4% in the
2nd and 3rd week, 6% in the 4th and 5th week, and 7% in the
6th and 7th week. The diets differed in the nature of lipids
(mamely dietary butter for Group I, margarine for Group TI,
olive oil for Group III, sunflower oil for Group IV or corn oil
for Group V, and were prepared fresh every week. Margarine
and butter were added to each diet after solubilization
at low temperature. Basal diet was mixed with lipids
completely and rats were provided with this diet ad libitum.
Rats were sacrificed after 12 h of food deprivation. Blood
samples were collected from hearts of the rats into plain
tubes (to obtain serum for malondialdehyde), heparinezed
tubes (to obtain heparinezed plasma for SOD and GPx
activities, and TAC) and EDTA—tubes (to obtain EDTA—plasma
for vitamin E assay). Samples were kept at =70 °C until
analysis. After sacrifices, livers were excised immediately,
washed thoroughly with ice—cold 0.9% NaCl, and kept at =70
°C in phosphate buffer (pH 7.4) until analysis.

Analysis of liver MDA level was carried out according
to Ohkawa et ali33]. Fractions after homogenization and
centrifugation of tissue samples diluted 10-fold with
1% KCI. Serum MDA was determined and measured
according to the method of Yoshioka et al.34], using
spectrophotometer (Milton Roy 3000 ARRAY double beam
spectrophotometer, USA). SOD and GPx activities were
assayed spectrophotometrically within 3 d of sampling by
commercial kits. Total blood SOD activity was determined by
inhibition of formazan dye (505 nm) employing the xanthin—
xanthin oxidase enzymatic method to generate superoxide
radicalsi35] and expressed as U/mg of haemoglobin. GPx
activity was measured based on nicotinamide adenine
dinucleotide phosphate oxidation at 340 nm using curmen
hydroperoxide as the substrate (Randox Laboratories,

Crurnlin, UK) and expressed in U/L. Plasma vitamin E was

assessed by the High Performance Liquid chromatographic
(HPLC) system as described by Thumham et ali36]. The
HPLC system consists of auto—sampler (GBC-LC 1610,
Australia), bio—liquid dual pump (GBC-LC 1150; Australia),
a C18 reversed phase column (3 pm spherosorb 0DS-2,
15 cmx4.6 mm), and fluorescent photometer (Perkin
Elmer, L.C 30, UK). The excitation wavelength was 292 nm
with emission wavelength of 318 nm). The mobile phase
consists of methanol (HPLC—grade) at a flow rate of 1 mL/
min. Briefly, plasma was deproteinized in the presence of
ethanol containing retinol acetate as an internal standard.
Vitamin E was extracted by using hexane then evaporated
to dryness under a steam of nitrogen. The residues were
dissolved in methanol and injected into the column. A linear
calibration curve was done using different concentrations of
a—tocopherol acetate (5, 10, 20, 40 and 100 umol/L) as external
standard used in calculation of the results. Finally, plasma
TAC was assessed by a colorimetric method developed by
Koracevic et al.137], using the Trolox—Equivalent Anti—

oxidant Capacity Kit (Randox Laboratories, Antrim, UK).
2.3. Statistical analysis

The data were expressed as means+SD. Data were analyzed
using statistical package for social sciences (SPSS) (version
10.0 for Windows Smart Viewer) supplied by SPsS Inc.
2000 (Mapinfo Corp. Tokyo, New York, USA). Differences
between groups were evaluated by one—way analysis of
variance (ANOVA) followed by student’s test. Results were
considered statistically significant at P<0.05. The strength
of the association between all the measured parameters was

determined by the Pearson correlation coefficient method.

3. Results
3.1. Fatty acid profile of oils and fats

Fatty acid profile of the oils and fats under study are
presented in Table 1. According to the results, 18 fatty acids
were identified in the different oils and fats, where in the
analysis of FAME gave the proportion of linoleic and oleic,
as the major fatty acids in vegetable oils and margrine,
which comprising together more than 65% of total identified
FAME. Concerning SFA (especially palmitic and stearic),
butter was characterized by appreciable level of saturates
(ca. 68% of total fatty acids). Corn oil recorded the highest
levels of PUFA and olive oil contained the highest amount of
monounsaturated fatty acids (Figure 1). A striking feature of

the vegetable oils and margarine was the high level of PUFA,
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especially linoleic acid (C18:2n—6). The nutritional value of
linoleic acid is due to its metabolism at tissue levels which
produce the hormone-like prostglandins. The activity of
these includes lowering of blood pressure and constriction
of smooth musclel20.38]. The PUFA have anti—inflammatory
properties that are mediated by the production of anti—
inflammatory eicosanoids. Moreover, interest in the PUFA
as health—promoting nutrients has expanded dramatically
in recent years. A rapidly growing literature illustrates the
benefits of PUFA, in alleviating cardiovascular, inflammatory,
heart diseases, atherosclerosis, autoimmune disorder,

diabetes and other diseases[39.40].

Table 1

Fatty acid profile of vegetable oils, margarine and butter under study.

Butter ~ Margarine Olive oil  Sunflower oil  Corn oil
C 4:0 1.80%0.15 ND ND ND ND
C6:0  2.20+0.22 ND ND ND ND
C 8:0 1.20+0.13 ND ND ND ND
C10:0 2.80+0.14 ND ND ND ND
C12:0 3.70£0.23  3.7+0.33 ND ND 0.18+0.03
C14:0 12.50£0.44  2.2+0.15 ND ND 0.07+0.02
C 16:0 35.10£1.44 11.9+£0.77 21.33£1.35 6.62+0.33 9.46+0.77
C16:1 3.20+0.23  3.2+0.23 3.38%+0.35 0.11+0.02 0.09+0.02
C18:0 9.00£0.26 11.1£0.58 3.66+0.43 3.11+0.24 2.90+0.05
C 18:1 25.30+2.35 35.4+2.45 52.37+3.25 28.6+2.06 26.1%1.22
C18:2 2.80+0.61 29.1%1.87 18.20%1.44 59.9+3.65 60.0+3.85
C18:3 0.40£0.05 3.4+0.33  0.55+0.07 0.11+0.05 0.44+0.06
C 20:0 ND* ND 0.35+0.09 0.26+0.03 0.32+0.07
C 20:1 ND ND 0.16x0.02 0.27+0.04 0.33+0.03
C 20:2 ND ND ND ND 0.03+0.01
C 22:0 ND ND ND 0.66+0.03 0.03+0.01
C22:1 ND ND ND 0.10£0.02 0.04%0.02
C 24:0 ND ND ND 0.26+0.03 0.010+0.002

“ND= not detected.

Table 2

Blood SOD, GPx, vitamin E, TAC, MDA and liver MDA in studied groups.
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Figure 1. Levels of saturated, monounsaturated and polyunsaturated fatty

acids in oils and fats under study.
3.2 Nutritional assessment in rats

The obtained results during feeding study showed the
effects of feeding diets containing different dietary fats
and oils on the body weight gain, food intake and feed
efficiency of rats. The results indicated that there were no
significant differences in food consumption between groups

by measuring each day’s food intake (data not shown).
3.3 Liver and blood analysis

The results obtained from this study are represented in
Tables 2, 3 and 4. No significant differences (P>0.05) were
observed in SOD activity, vitamin E and TAC levels between
the five groups. However, there was significant decrease of
GPx activity in Groups IV and V when compared with other

Liver MDA (pmol/mg

Parameter Groups SOD (U/mg Hb) ~ GPx (U/L)  vitamin E (umol/l) TAC mmol/L)  Blood MDA (umol/L) protein)

Butter (group I) 2.90+0.85 68.31+5.61 14.07£1.71 2.97+0.23 9.19+1.53 8.48+0.77
Margarine (group II) 2.67+0.68 66.22+6.83 13.25+1.65 2.90+0.18 9.03%1.64 8.51%+0.78

Olive oil (group III) 2.77+0.69 70.48+7.05 12.54+1.69 3.05+0.23 9.74+1.56 8.37%0.78
Sunflower oil (group IV) 2.37+0.78 58.30+4.16 14.61£1.66 2.95+0.21 9.11+1.51 8.49+0.80

Corn oil (group V) 2.150.70 53.85+4.41 12.55+1.64 2.98+0.20 12.33+£1.98 12.44 £1.25

The values are expressed as mean+SD.

Table 3

Analysis of variance (F-Test) of the studied parameters in all groups.

parameters Group | Group 11 Group 111 Group 1V Group V F P
Plasma SOD (U/mg Hb) 2.90+0.85 2.67+0.68 2.77+0.69 2.37+0.78 2.15+0.70 1.75 >0.01
Plasma GPx (U/L) 68.31+5.61 66.22+6.83 70.48+7.05 58.30+4.16 53.85+4.41 15.14  <0.001
Plasma vit E (umol/L) 14.07£1.71 13.25£1.65 12.54+1.69 14.61£1.66 12.55+1.64 3.03  >0.01
Plasma TAC (mmol/L) 2.97+0.23 2.90+0.18 3.05+0.23 2.95+0.21 2.98+0.20 0.95 >0.01
Serum MDA (umol/L) 9.19+1.53 9.03+1.64 9.74+1.56 9.11%1.51 12.33+1.98 7.16  <0.001
Liver MDA (pmol/mg protein) 8.48+0.77 8.51+0.78 8.37+0.78 8.49+0.80 12.44+1.25 48.25  <0.001

P>0.01: non significant, P<0.001: highly significant. The values are expressed as mean+SD.
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groups (P<0.001). The results indicated that the corn oil
feeding caused significant increases in liver (P<0.001) and
blood MDA (P<0.001) levels when compared with other oils.
There were significant positive correlations between; SOD
and GPx (P<0.001), between SOD and vitamin E (P<0.001),
between sOD and TAG (P<0.001), between GPx and vitamin E
(P<0.001), between GPx and TAC (PP<0.001), between vitamin
E and TAC (P<0.001) and between blood MDA and liver
MDA (P<0.001). The results of our study showed significant
negative correlations between blood MDA in one hand and
SOD (P<0.001), GPx (P<0.001), vitamin E (P<0.001) and TAC
(P<0.001) on the other hand. Also, there were significant
negative correlations between liver MDA in one hand and
SOD (P<0.001), GPx (P<0.001), vitamin E (P<0.001) and TAC
(P<0.001) on the other hand.

Table 4
Correlation between the studied parameters in all groups.
- Plasma  Plasma Plasma Plasma Serum Liver
ata
SOD GPx Vitamin E TAC MDA MDA
Plasma
r=40.838 1=10.832 r=40.937 1r=—0.865 1=-0.670
SOD
Plasma GPx r=40.838 1=40.536 1 =40.743 1=-0.800 1=—0.795
Plasma
. . 1=40.832 1=40.536 1=4—-0.841 1=-0.862 1=—0.610
Vitamin E
Plasma
1=40.937 1=40.743 1=40.841 r=—0.796 1=—0.571
TAC
Serum MDA r=-0.865 r=—0.800 1=-0.862 1=—0.796 1=40.897

4. Discussion

Vegetable oils with high PUFA levels were hitherto
thought as the healthiest lipids because of their cholesterol
lowering effects. However, recent studies indicate that
PUFA are more susceptible to lipid peroxidation than SFA.
Lipid peroxidation usually results in decreasing membrane
fluidity, cell injury and may cause the formation of
atherosclerotic plaques [1641]. Antioxidant enzymes (SOD and
GPx) scavenge lipid peroxides and free radicals and detoxify
them. No significant differences were detected when the
activities of SOD and GPx were compared in the studied
groups. In a similar study, although soyabean or olive oil
diets modified the liver microsomal fatty acid phospholipid
composition, SOD and GPx activities remained unchangedi42.
The level of the natural antioxidant (vitamin E) also
determined which is important for the maintenance of good
health. Although several studies have reported that vitamin
E level can be sensitive to the composition of the diet, the
results presented in our study indicated that vitamin E level
was not affected by the type of dietary oils. The probability
of lipid peroxidation increases with increasing number of
double bonds in fatty acids.

As a result of the degradation of lipid peroxides, MDA is

used as an indicator of lipid peroxidation(2s5]. Therefore,
to better assess the effects of the dietary oils on lipid
peroxidation, we measured the level of MDA in rats fed on
dietary oils differed in the degree of faity acid saturation. The
results indicated that the highest level of MDA was observed
in the group fed with corn oil which contains the highest
amount of PUFA among the lipids supplemented to the diets.
MDA levels were found to increase with increasing amounts
of corn oil supplemented to a semi—synthetic diet(19]. In
agreement with our results, Sarraga and Regucirol43] also
indicated that lipid peroxidation was higher in broilers fed
sunflower oil composed of highest amount of PUFA among
lipids tested, and it was very low in the group fed olive
oil. The present results demonstrated significant negative
correlation between blood and liver MDA (as a product
of lipid peroxidation) on one hand and the antioxidant
parameters on the other hand indicating that the high level
of lipid peroxidation is accompanied by a decrease in the
activities of the enzymes involved in antioxidant defense
mechanism. There are numerous harmful effects of MDA, for
example, by crosslinking with the membrane components,
MDA causes inactivation of enzymes and receptors in
membrane and thus changes membrane properties.
Malondialdehyde also causes mutations by reacting with
guanine nucleotidein DNA[12.44],

In the light of evidence presented here, it is suggested
that corn oil and, to a lesser degree, sunflower oil feeding
increases lipid peroxidation significantly and thus
challenge the antioxidant defense system and may increase
the susceptibility of tissues to degradation products of lipid

peroxides.
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transport of lipid—soluble vitamins through the bloodstream.

As an important constituent of cell membranes, lipids also
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play specific roles in membrane signaling events and thus
cell development certain lipids are indicators of cellular
events and lipid concentration can represent physiological
conditions of cells. Changing lifestyle increased liver injury
and causes altered liver functions. Therefore, there is need
to investigate the impact of different fat and oils on lipid
peroxidation in liver and blood.

Research frontiers

The study showed that there were no significant
differences in SOD activity, vitamin E and TAC levels
between studied animal groups. There was significant
decrease of GPx activity in some groups. Feeding corn oil
caused significant increases in liver and blood MDA levels
as compared with other oils and fats. There were positive
correlations between SOD and GPx, vitamin E and TAC as
well as between GPx and TAC and between blood MDA and
liver MDA. The study showed also negative correlations
between blood MDA on one hand and SOD, GPx, vitamin E
and TAC on the other hand.

Related reports

Lipids are the most sensitive molecules to free radicals.
As a result of lipid peroxidation, MDA can be formed in cell
membranes. MDA shows both mutagenic and carcinogenic
effects by changing membrane properties. Organisms
protect themselves from harmful effects of free radicals by
antioxidant defense mechanisms. The antioxidant system
involves both enzymatic and non-enzymatic antioxidants.
The fast step in the enzymatic system is SOD, which
catalyzes the dismutation of superoxide anion (0”) to H,C,.
The conversion of H,0 to H,0, by either GPx or catalase forms
the second step of enzymatic system. Superoxide dismutase
and GPx enzyme activities and the balance between
them are very crucial protection against oxidative stress.
Lipid—soluble vitamin E is a non—enzymatic antioxidant
which plays a significant role in the protection of the cell
membrane and against LDL cholesterol as well. It can reduce
free radicals and it has the most action to break the chain
reaction in lipid peroxidation. The measure of TAC, which
is the cumulative action of all the antioxidants present in
plasma, provides an insight into the delicate balance in vivo

between oxidants and antioxidants.

Innovations and breakthroughs

The results demonstrated that feeding oils rich in
polyunsaturated fatty acids (PUFA) increases lipid
peroxidation significantly and may raise the susceptibility

of tissues to free radical oxidative damage.

Applications

From the literature review it has been found that lipid

peroxidation, MDA (a genotoxic harmful degradative
byproduct of lipid peroxidation) can be formed in cell
membranes. The results support the use of monounsaturated
oils and fats to reduce lipid oxidation and to reduce the

susceptibility of tissues to free radical oxidative damage.

Peer review

This is a promising research work in which authors have
studied the influence of dietary butter, margarine, olive oil,
sunflower oil and corn oil on liver and blood lipid oxidation

in albino rats by measuring MDA levels in blood and liver.
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