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EXPOSED TO A FAT-RICH DIET
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ABSTRACT

AIM: In the present work, the effects of plant (refined Palm Oil) and animal (Lard) derived fat on the
oxidative stress were evaluated, using juvenile male rat model of fat overconsumption. MATERIALS
AND METHODS: Juvenile male Wistar Albino Rats were used as model animals. The group
“Standard” was fed with standard rodents chow. The group “Palm Oil” received excessive amount of
refined Palm Oil, and the group “Lard” was fed with excessive amount of lard. The free-radicals
accumulation in the blood plasma and livers of the experimental animals were estimated using the
MTT transformation to MTT-formazan. RESULTS AND DISCUSSION: At the end of the experiment,
the group “Lard”, showed remarkably higher relative increase of the Body weight (BW) and liver
compared with the other groups. Palm oil and lard resulted in substantially more free-radicals formed
in the blood plasma and liver of juvenile male rats, this effect being stronger in the blood plasma of
group “Palm OQil” while in the liver of group “Lard”, compared with group “Standard”.
CONCLUSIONS: Excessive dietary fat resulted in an increased free-radicals accumulation in rat blood
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plasma and liver. Group receiving Lard remarkably increased in BW.
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INTRODUCTION

The overweight and obesity have been
associated with chronic diseases such as
diabetes, cardiovascular diseases, immune
defense, and certain types of cancer (1). Plant
derived fat became the main source of dietary
fat in the developing countries and within the
low-income social groups, while the excessive
consumption of animal products due to
Country-specific, cultural-specific or increased
wealth resulted in an excessive consumption of
animal dietary fat (2, 3). In animals and
humans, a link between obesity and Oxidative
Stress (OS) was observed (4-9). Involvement
of the OS in the obesity itself (4), heart disease
(6), liver oxidative injury (8), metabolic
syndrome (10), arterial hypertension (11),
cancer (12) and many more diseases was
proved. The relative differences between free-
radicals’ formation due to excessive
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consumption of palm oil and lard in a juvenile rat
model of obesity, were not evaluated yet.
Nutrient stress occurs not only due to
malnutrition, but due to nutrient excess, during
which the Reactive Oxygen Species (ROS)
production exceeds that required for normal
physiological responses (13, 14).

In the present work, the effect of two types of
Fat-Rich Diet (FRD) on free radicals
accumulation in the blood plasma and liver of
juvenile male Wistar rats, were estimated. The
fat-rich diet FRD1 was used as a model for
excessive consumption of plant-derived fat
(refined palm oil), while FRD2 being
representative for excessive dietary consumption
of animal-derived fat (lard). The transformation
of 3-(4,5-dimethylthyazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT) to MTT-
formazan in presence of blood plasma and liver
homogenate, was used as a marker for the free-
radicals formation. The relative differences
among free-radicals levels in tissues, due to the
type of FRD (FRD1 or FRD2) were statistically
verified using the INSTAT program package.
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MATERIALS AND METHODS

Chemicals and solutions: All chemicals were of
finest grade (pro analisi) and supplied by
SIGMA-ALDRICH. PBS with pH 7.45, and 0.35
mM Xanthine solutions were prepared using bi-
distilled water. Thiazolyl Blue, or MTT (3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide) was dissolved in the PBS.
Prior analyses all solutions were sonified for 30
minutes, to remove all gases dissolved. Purified
Lard (L) and double-fractioned palm oil (PO) of
cooking grade were used for the Fat-rich diets
FRD1 and FRD2.

Model animals: Juvenile Wistar rats (28 days
old) were separated in three groups (three
animals per group), named “Standard” (Std),
“Palm oil” (“Palm Oil”) and “Lard” (“Lard”).
Each animal in “Palm oil” and “Lard” groups
received SDD of 1 ml/100gBW liquid fat (palm
oil or lard) via gastric tube, for 30 days. Prior
administration, the fat portion was heated to a
body temperature. The animals were treated in
accordance with the General regulations for
Treatment of experimental animals, established
by the Ethics Committee in the Medical
University of Sofia, in agreement with the "Guide
to the Care and Use of Experimental Animal
Care" (Canadian Council on Animal Care
guidelines, 1984)". After 30 days, the animals
were decapitated under anesthesia (Uretan, 2
ml/100g BW). Standard rodent’s food in pellets
and tub water were provided ad libitum.

Tissue extraction and storage: The livers were
extracted and washed in ice cold 0.05% BMT
saline solution to remove the blood and to
prevent interactions with oxygen in the air, and
then stored in a freezer (187+1K) for further
analysis. Prior investigation, the liver tissue was
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homogenized using 15wt% tissue in ice-cold
PBS (ice bath), then centrifuged at 277K
(200XG) for 10 minutes at 277K. The
supernatanta was separated and used for further
analysis. The blood plasma was separated in
EDTA-washed centrifuge tubes by centrifugation
for 15 minutes at 293 K (10000XG). After
separation the plasma was stored in a freezer at
187+1K. The proteins concentrations were
determined spectrophotometrically as described
in (15).The following apparatus were used in this
investigation: Donau Lab sonic DLs 310T
ultrasonic bath, Unipam 302 homogenizer,
Zanezki K-24 Centrifuge, and Perkin-Elmer 552
UV-VIS Spectrophotometer with 2 ml quartz
cuvettes.

MTT-Assay: One ml glass cuvette contained
sample corresponding to 1 mg proteins, 0.20 ml
MTT, 0.02 ml Xanthine, and 50mM PBS (pH
7.45). The relative change of the characteristic
absorbance of the MTT-formazan (A=576 nm)
was monitored for 5 minutes, in 5 parallel
measurements. For the background
measurements the supernatanta was omitted. The
gross errors were removed using Romanovsky
test (16). The effect of the FRD on the free-
radicals generation was estimated by presenting
the MTT-formazan in a tissue of a group as a
percentage of this found in the same tissue of the
group Std. Differences among average values
were statistically verified using INSTAT
Program package.

RESULTS

At the end of the experiment, the total BW and
this of the livers of groups “Standard” and “Palm
Oil” did not differ (Figure 1).
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Figure 1. Total Body Weight and weight of the liver of rat exposed to a Standard diet, excessive
dietary PO consumption and overconsumption of lard, at the end of the experiment.
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These of the group “Lard” were significantly
higher than the corresponding values for the
“Standard: group. When comparing the total
BW gain (Figure 2), it was observed that the
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remarkable weight gain of group “Lard”
compared with group “Standard” took place at
the last week of the experiment.
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Figure 2. Body Weight gain of groups “Standard”, “Palm Oil” and “Lard” during the experiment.

No matter how the BW was affected by the
FRD type, in the blood plasma and liver of
group “Standard” were found much less free-
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radicals than these found in corresponding
tissues of groups “Lard” and “Palm OQil”
(Figure 3).
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Figure 3. Accumulation of free-radicals in presence of blood plasma and liver tissue of rats
exposed to Standard diet, excessive consumption of PO or Lard.

The free-radicals accumulation in the blood
plasma was highest in group “Palm Qil”, while
this in the liver being highest in group “Lard”.

DISCUSSION
Our results showed that the excessive dietary
refined PO for one month did not affect the
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weight gain of rats, while overconsumption of
the same amount of lard resulted in a
significant weight gain. Both fat-rich diets
resulted in higher accumulation of free-radicals
in rat liver and blood plasma, compare with the
standard diet. As far as the excess of free-
radicals is a component of the Oxidative stress,
our results confirmed the observed OS due to
fat-rich diet in human blood plasma (17-19),
and in rat liver (8,20). In the blood plasma
free-radicals accumulation decreased in the
order PO>L, while in the liver - in the order
L>PO. The relatively different effects of palm
oil and lard on the free-radical formation in the
blood plasma and liver could be related with
the relative differences in the content of
unsaturated fatty acids in both types of fats
after transformation in the living body. It has
been observed that after hydrolysis in presence
of pancreatic lipase, the iodine value of the
palm oil increased, while this of the lard
decreased (21). As the iodine value is related
with the amount of unsaturated fatty acids in a
fat, the higher the iodine value, the higher the
content of double bonds in a fat is.

CONCLUSIONS

1.Excessive consumption of palm oil and lard
lead to substantially more free-radicals
formed in the blood plasma and liver of
juvenile male Albino Wistar rats.

2.The fat-rich diet with palm oil lead to more
free-radicals formed in the blood plasma,
than these in the liver. If lard was the
excessive dietary fat, then more free-radicals
were detected in the liver, than these in the
blood plasma. This difference might be
related with the various types of fatty acids
that reach the blood plasma and liver.

3.Excessive dietary lard consumption resulted
in faster weight gain than the excessive
dietary refined Palm oil.

REFERENCES

1. Samatina S, and R. K. Chandraa, Obesity,
overnutrition and the immune system.
Nutrition Research, 21:243-262, 2001

2. Diet, Nutrition and prevention of Chronic
Diseases, WHO Technical Report Series
916: “Joint  WHO/FAO Experts
Consultation”, Geneva, Switzerland, 2003,
pp 12-40.

3. Schmid A., The role of the meat fat in the
human diet. Critical Reviews in Food
Science and nutrition, 51:50-66, 2011.

4. Waye M. M., New insights on how
adenovirus might lead to obesity: An

10.

11.

12.

13.

14.

15.

MEMEDI B., et al.
Oxidative Stress theory. Free Radicals
Research, 45:880-887, 2011.
Buci M., Borra R., Nagren K., Maggio R.,
Tuunanen H., Oikonen V., Del Ry S,
Vilijanen T., Taittonen M., Rigazio S.,
Giannessi D., Pakkola R., Nuutila P., and
iozzo P., Human obesity is characterized
by defective fat storage and enhanced
muscle fatty acid oxidation and
trimetazidine gradually counteracts these
abnormalities. Am. J. Physiol. Endocrinol.
Metab., 301:E105-E112, 2011.
Charadi K., Sebai H., Elkahoui S., Ben
Hassine F., Liman F., Aouani E., Grape
seed extract alleviates high-fat diet induced
obesity and heart dysfunction by
preventing cardiac sclerosis.
Cardiovascular Toxicology, 11: 28-37,
2011.
Singh R, Singh A. P., Singh M., and
Krishan P., Impact of obesity on
hypertension-induced cardiac remodeling:
role of oxidative stress and its modulation
by gemfibrozil treatment in rats. Free
Radicals Biomedical Research, 50: 363-
370, 2011.
Demori 1., Voci A., Fugassa E., and
Burlando B., Combined effect of high-fat
diet and ethanol induce oxidative stress in
rat liver. Alcohol, 40: 185-191, 2006.
Ostrow V., Wu s., Aguilar A., Bonner R.,
Jr, Suarez E., and De Luca F, Association
between oxidative stress and masked
hypertension in multi-ethnic population of
obese children and adolescents. J. Pediatr.,
158: 628-633, 2011.
Whaley-Connell A., McGullough P. A,
Sowers J. R., The role of the oxidative
stress in the metabolic syndrome. Rev.
Cardiovasc. Med., 12: 21-29, 2011.
Touyz R. M., Reactive Oxygen Species in
vascular  biology: role in arterial
hypertension. Expert Rev. Cardiovasc.
Ther., 1: 91-106, 2003.
Halliwell B., Oxidative stress and cancer:
have we moved forward?. Biochem. J.
401: 1-11, 2007.
Wellen K. E., and Thompson C., B,
Cellular metabolic stress: considering how
cells respond to nutrient excess. Mol. Cell.,
40: 323-332, 2010.
M. Traykova, and Kostova I., Coumarin
derivatives and  Oxidative  Stress.
International Journal of Pharmacology, 1:
29-32, 2005
Determination of protein concentration
inUnknown proteins or protein mixtures

324 Trakia Journal of Sciences, Vol. 10, Suppl. 1, 2012



16.

17.

18.

with possible nucleic acid contamination.
http://www.ruf.rice.edu/~bioslabs/methods
/protein/abs280.html

Glushtenko 1. M., Piksner A. E,
Polyjanchikov O. 1., and PrinkipoA. 1.,
Osnovi Nauchnih issledovanij” (Russ),

Vischta schkola, Kiev, Ukraine 1983.
Berry E. M., Eisenberg S., Haratz D.,
Friedlander Y., Norman Y., Kaufmann N.
A., and Stein Y., Effects of diets rich in
monounsaturated fatty acids on plasma
lipoproteins--the  Jerusalem  Nutrition
Study: high MUFAs vs high PUFAs.
American Journal of Clinical Nutrition,
53: 899-907, 1990.

Natella F., Belelli F., Gentili V., Ursini F.,
and Scaccini C., Grape Seed
Proanthocyanidins Prevent Plasma
Postprandial Oxidative Stress in Humans.
J. Agric. Food Chem., 50: 7720-7725,
2002.

Trakia Journal of Sciences, Vol. 10, Suppl. 1, 2012

19.

20.

21.

MEMEDI B., et al.
Leighton F., Cuevas A., Guasch V., Pérez
D., Strobel P., San Martin A., Urzua U.,
Diez M., Foncea R., Castillo O., Mizén C.,
Espinoza M., Urquiaga ., Rozowski J.,
Maiz A., and Germain A, Plasma
polyphenols and antioxidants, oxidative
DNA damage, and endothelial function, in
a diet and wine intervention in humans.
Drugs Exp Clin Res., 25:133-141, 1999.
Ciapaite J., van Broek N.M., Te Brinken
H., Nikolay K., Jenson J. A., Houten S.M.,
and Prompers J. J.,, (2011): Differential
effects of short- and long-term high-fat
diet feeding on hepatic fatty acid
metabolism in rats. Biochim. Biophys.
Acta, 1811:441-451, 2011.
Matson, F; H., and E. S. Luton, (1958):
The specific distribution of Fatty Acids in
the glyceridesof Animal and vegetable
fats. J. Biol. Chem., 233: 868-871, 1958.

325



