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Abstract

The aim. To determine the effect of high-fat diet (HFD) using fats of different fatty acid composition
on the content of malondialdehyde (MDA) in the organs and tissues of rats and on catalase activity.

Materials and methods. The following edible fats were used: regular (high linoleic) sunflower oil,
high oleic sunflower oil, palm, butter and coconut oils at a concentration of 15 % by weight of the diet.
The rats were fed for 64 days. Before euthanasia, rats were bled fromv. porta and v. cava inferior. The
MDA content and catalase activity were determined in blood serum, in liver homogenates, intestinal
mucous membranes, in skeletal muscles, heart and brain. The antioxidant-prooxidant index of APl was
calculated from the ratio of catalase activity and MDA content.

Results. found that the content of the MDA in v. cava is significantly higher than v. porta. High-fat
diet (HFD) increases the MDA content in all tissues except the brain, and most of all in the liver and
after the consumption of high-palmitic fats (palm and butter), as well as high-linoleic sunflower oil. The
exception is high oleic sunflower oil, the consumption of which does not increase the MDA content.
Catalase activity reacts little to HFD.

Conclusions. the liver secrete MDA into the blood. HFD increases the level of MDA in organs and
tissues, except for the brain, without significantly reducing the activity of catalase. The antioxidant
effect of HFD using high oleic sunflower oil can be explained by the antioxidant properties of oleic acid.
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Introduction

High-fat diet (HFD) has become extremely
common in recent decades [1-4], and to some
extent changed the composition of dietary fats due
to the increasing use of palm oil [5-8] and new
vegetable oils with altered fatty acid composition,
obtained by selection methods [9]. Consumption of
animal fats, which contain a significant amount of
saturated fatty acids, in particular palmitic [10], has
also increased significantly.

It has been established that HFD can cause the
development of  dysbiosis and  systemic
inflammation in the body [11, 12] and this pathogenic
effect of dietary fats largely depends on their fatty
acid composition [10, 13].

Peroxidation of unsaturated fatty acids can be
involved in the mechanism of pathogenic action of
HFD, which produces various toxic substances, one
of the end products of which is malonic dialdehyde
(MDA) [14-16].

Objective of this work was to study the content
of MDA in the organs and tissues of rats that have
long received high-fat diets (HFD) with dietary fats
that have different fatty acid composition. The state
of the antioxidant system was also determined, the
marker of which was the activity of the catalase
enzyme and the API index (antioxidant-prooxidant
index as the ratio of catalase activity and MDA
content).

Methods

The following dietary fats were used in the work:

— Unrefined sunflower oil, frozen, pressed
(manufacturer firm "Smak solnca" "Marchenko
V.V.", Ukraine);

— High-oleic sunflower oil "Olivka", TS U 15.4-
13903778-36:2002 (manufacturer of SPA "Odessa
Biotechnology", Ukraine) [17];

— Peasant butter 72.5 % fat (manufacturer PCF
"Agromarin", Ukraine);

— Palm oil (manufacturer "Dukees RBD",
Malaysia);

— Coconut oil of the Bees brand (producer of
PGFO Edible Oils SDN BHD, Malaysia).

The fatty acid composition of these fats was
determined by gas chromatographic method [18].
The results of determining the content of fatty acids
are presented in table 1. These data show that the

main fatty acid of ordinary sunflower oil is linoleic
(Cis2), high-oleic sunflower oil "Olivka" contains 88 %
oleic acid (Cis,), in butter and palm oil contains
approximately equally palmitic (C4,0) and oleic acids,
and coconut oil contains the most lauric acid (C;,.)-

Feeding experiments were performed on white
Wistar rats (males, 8-9 months, live weight 240-260
g), which were divided into 6 equal groups of 6
heads each. Group 1 received a standard balanced
diet containing 5% feed fat (almost 9o % are linoleic,
oleic and palmitic acids). Groups 2-a — 6-a received
HFD, in which 15 % of the grain component was
replaced by the appropriate amount of test fat: 2nd
group — sunflower oil, 3rd — high-oleic sunflower oil,
4th — butter, 5th — palm oil and 6th — coconut oil.
The duration of feeding was 64 days.

Before euthanasia of rats under thiopental
anesthesia (20 mg / kg) received blood from v. porta
and v. cava inferior, and then carried out total
bleeding from the heart. The liver, mucous
membranes of the small and large intestines were
isolated, skeletal muscle samples were obtained,
and the heart and brain were isolated.

In serum, in homogenates of tissues and organs,
the content of MDA was determined by thiobarbitur
method [20] and catalase activity [21]. According to
the ratio of catalase activity and MDA content, the
antioxidant-prooxidant index of APl was calculated
by the formula [19]:

Agar - 1o

Api= Cupa
The results of the experiments were subjected to
standard statistical processing [22].

Results

In fig. 1 presents the results of determining the
increase in live weight of rats for 64 days of feeding
HFD.

From these data it is seen that the consumption
of ordinary sunflower oil, butter or palm oil caused
an increase in live weight, respectively, in 2; 2.2 and
2.5 times. Consumption of coconut oil had little
effect on weight gain and consumption of high-oleic
sunflower oil had no effectat all.

Table 2 presents the results of determining the
organ index of the liver in rats consumed HFD.
Significantly increases the organ index of the liver of
rats, which consumed of ordinary sunflower oil and
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palm oil. The organ index of the liver also
increases in rats that consumed butter (however,
p>0.05). Only coconut oil and high-oleic sunflower
oil did not affect the organ index of the liver.

Table 3 presents the results of determining the
content of MDA in serum with v. porta and v. cava
inferior rats consumed HFD. From these data it is
seen that the content of MDA in the blood v. porta
does not depend significantly on the nature of the
fatty diet, whereas in the blood v. cava MDA content
is 2-3 times higher than in the blood with v. portaq,
which may indicate the injection of MDA by the liver
of rats. Moreover, the level of MDA increment by
the liver does not depend significantly on the
amount of dietary fat, but depends on the nature of
the fat component: most when consuming palm oil,
less consumption of ordinary sunflower oil and
significantly lower when consuming high oleic
sunflower and coconut oils.

In fig. 2 and 3 present the results of determining
the effect of HFD on the content of MDA in the
organs and tissues of rats. In control rats, which
received a low-fat diet (only 5 % fat), the highest
content of MDA was observed in the brain (65-70
mmol/kg), and the lowest — in the mucous
membrane of the small and large intestine (5-6
mmol/kg). In the liver, skeletal muscle and heart, the
MDA content was 25-35 mmol/kg. HFD in all organs
and tissues increases the MDA content except the
brain, in which all dietary fats tend to decrease the
MDA content, especially butter and coconut oil.

The largest increase in the content of MDA in the
liver of rats treated with HFD, especially with palm
oil. Only HFD with high oleic sunflower oil does not
increase the content of MDA in the liver, mucous
membranes of the digestive tract, skeletal muscle
and heart. HFD with palm oil increases the content
of MDA not only in the liver, but also in the mucous
membranes of the small and large intestines and
skeletal muscle. The content of MDA in skeletal
muscle signifiantly increases HFD with the use of
ordinary sunflower oil.

In the heart, only HFD with butter significantly
increases the MDA content

Table 4 presents the results of determining the
activity of the antioxidant enzyme catalase. The
greatest activity of this enzyme is observed in the
liver and heart, and the least — in the mucous
membrane of the colon. In the conditions of HFD,

this indicator shows only a tendency to decrease its
level (significantly only in the mucous membrane of
the small intestine). It can be assumed that the level
of catalase does not have a significant effect on the
level of MDA. It is possible that other antioxidant
systems in the body are more relevant to the state
of lipid peroxidation.

A more sensitive indicator of the state of
antioxidant systems is the API index, the results of
which are presented in Fig. 4 and 5.

As can be seen from these data, all dietary fats
(except high oleic sunflower oil) reduce the API
index. In the brain, do not reduce the API index of
any of the dietary fats.

Thus, our studies have shown that HFD activates
the processes of lipid peroxidation (LP), as
evidenced by a significant increase in the content of
the final product of LP — malonic dialdehyde. The
most sensitive organ was the liver, in which all fats,
except high-oleic sunflower oil, increased the level
of MDA. In other tissues, an increase in MDA levels
was observed only with HFD involving regular
sunflower oil and palm oil (skeletal muscle) or
butter (heart).

Only in the brain did HFD cause a decrease in the
MDA content, despite the fact that the brains of
healthy rats contain significantly more MDA than all
other tissues.

The increase in MDA content in HFD leads to a
significant decrease in the API index, although the
activity of the antioxidant enzyme catalase is slightly
reduced after HFD. It is possible that other
antioxidant systems of the body play a decisive role
in counteracting LP. This can be the glutathione
system, the selenium system, tocopherol, and many
other systems.

In any case, based on the obtained data, we can
say that to prevent the activation of LP, it is
necessary to use high-oleic sunflower oil in the diet
[17], because oleic acid performs an antioxidant
function in the body [23].

Conclusions

1. The liver is an organ that produces and secretes
malonic dialdehyde.

2. HFD stimulates LP activity in most organs and
tissues (especially in the liver). In the brain, HFD
reduces the MDA content.
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3. The most effective way to increase the content
of MDA is the consumption of HFD with the content
of high palmitic fats (palm oil and butter), as well as
high linoleum sunflower oil.

4. High oleic sunflower oil does not increase the
MDA content, possibly due to the antioxidant
properties of oleic acid.
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Table 1. Fatty acid composition of used dietary fats (% of the amount of fatty acids)
Fatty acid At])cbrewated Sunflower oil High oleic ] Butter Palm oil Cocgnut
ormula sunflower oil oil
Caprylic Cao 0 0 1,25 0 2,00
Capric Cioo 0 0 2,67 0 3,02
Lauric Cizeo 0 0 2,97 0,19 46,57
Myristic Ciso 0,15 0,03 10,43 1,16 22,70
Palmitic Cigo 9,74 4,44 27,88 42,02 11,67
Stearic Cigo 3,90 3,07 12,73 4,87 13,60
Oleic C18:1 30’60 M M 40,93 0,30
Linoleic Cis, 53,46 1,21 3,08 9,49 0,02
Linolenic Ciss 0,03 0,11 0,53 0,17 0
Arachinic Cios 0,20 0,27 0,28 0,47 0,12
Eicosenic Gy 0,22 0,16 0,12 0,16 0
Arachidonic Cro.a 0] 0 0,05 0 0
Behenic Cyao 0,72 1,07 0] 0,13 0
Lignoceric Coso 0,25 0,81 0 0,10 0
Table 2. The effect of HFD onthe organ index of the liver of rats
N2Ne Edible fat Organindex of the liver, g/kg
1 Contral 31,7+2,9
2 Sunflower oil 39,3%2,3
p<0,05
3 High oleic sunflower oil 35,9+4,1
p>9,3
4 Butter 38,7%3,2
p>0,05
5 Palm oil 42,8+3,1
p<0,05
6 Coconut oil 32,7+2,8
p>0,5
Table 3.Secretion of MDA by the liver of rats treated with various dietary fats (15 %)
NeNe Group MDA, mmol/l AMDA
v. porta v. porta +
1 Control 0,75+0,08 1,84+0,02 1,09+0,06
2 Sunflower oil 0,78+0,04 2,15+0,07 1,37%0,05
p>0,3 p<0,01 p<0,05
3 High oleic sunflower oil 0,27+0,08 1,82+0,05 0,85+0,04
p>0,05 p>0,3 p<0,01
4 Butter 0,81+0,08 1,97%0,12 1,16+0,07
p>0,05 p>0,1 p>0,3
5 Palm oil 0,88+0,04 2,51+£0,10 1,63+0,09
p>0,05 p<0,01 p<0,01
6 Coconut oil 0,78+0,06 1,55%0,07 0,77+0,06
p>0,3 p<0,05 p<0,01
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Table 4. The effect of HFD on catalase activity in the organs and tissues of rats

Catalase activity, mcat/kg
NENe Liver . Sma'Il Colon Skeletal Heart Brain
intestine muscles
1— Contral 6,3+0,1 3,6%0,2 1,9%0,1 2,5%0,1 5,0%0,1 3,3+0,1
2 — Sunflower oil 6,1+0,1 2,2%0,3 1,6+0,1 2,2+0,1 4,70, 3,0£0,1
p>0,05 p<0,01 p>0,05 p>0,05 p>0,05 p>0,05
3 — High oleic sunflower oil 6,1+0,1 3,0%0,2 1,7£0,1 2,4%0,2 5,0%0,1 3,2+0,1
p>0,05 p>0,05 p>0,05 p>0,3 p=1 p>0,3
4 — Butter 5,90,1 2,610,1 1,6+0,1 2,310,1 5,00,1 3,0+0,1
p<0,05 p<0,01 p>0,05 p>0,05 p=1 p>0,05
5 — Palm oil 5,90,1 2,7£0,2 1,6%0,1 2,4+0,1 5,0£0,1 2,901
pP<0,05 p<0,01 p>0,05 p>0,3 p=1 P<0,05
6 — Coconut ail 6,1£0,1 2,9+0,2 1,6%0,1 2,3+0,1 4,8+0,1 2,9+0,1
p>0,05 p<0,05 p>0,05 p>0,05 p=>0,1 p<0,05

Figure 1. The effect of HFD onthe relative increase in live weight of rats for 64 days
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Figure 2. The effect of HFD onthe level of MDA inrat tissues
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Figure 3.The effect of HFD onthe level of MDA inrat tissues
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Figure 5. Influence of HFD onthe level of APl index inrat tissues
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