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Abstract

Aim. To determine the effects on the body of high-fat diets (HFD) with different fatty
acid composition.

Methods. Used ordinary sunflower, olive, palm and butter, which were introduced into the
feed in an amount of 15 %. Rats were fed for 41 days. Gum, liver, small intestinal mucosa were
isolated and blood serum was obtained, which determined the activity of elastase, ALT and
alkaline phosphatase, as well as the content of glucose, triglycerides and cholesterol. The activity
of elastase, catalase, urease, lysozyme, and MDA content were determined in tissue

homogenates. The API index and the degree of dysbiosis were calculated.
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Results. In rats treated with HFD, elastase, urease, MDA content increased, but lysozyme
and catalase activity decreased in all tissues, the API index also decreased, and the degree of
dysbiosis increased significantly. Serum triglycerides and cholesterol increased. Stronger
pathological changes occurred in rats treated with palm or butter, and the lowest in rats treated
with olive oil.

Conclusion. HFD causes the development of dysbiosis, decreased levels of antioxidant
protection and the development of inflammation, more pronounced with the consumption of fats
high in palmitic acid.
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Introduction

One of the factors of inadequate nutrition is a significant increase in fat intake, which
causes the development of a number of non-communicable diseases: atherosclerosis,
cardiovascular, type 2 diabetes, obesity [1-5]. It is believed that fats with a high content of
saturated fatty acids, in particular palmitic acid, play a particularly important role in lipotoxicity
[6-9]. There are some restrictions on the amount of consumption and unsaturated fatty acids,
especially ®-6 series, such as linoleic, which is the main acid in most vegetable oils [10].

Given the current trends in the development of high-fat diet (HFD), we set ourselves the
goal of conducting a comparative study of the impact on the body of different fatty acid
composition of dietary fats, which are widely used by the population of Ukraine [11]. This is
primarily ordinary sunflower oil, which is dominated by linoleic acid (Cis:2, ®-6). Palm oil,
which has recently significantly expanded its use in food as a source of saturated palmitic acid
(C16:0). One of the representatives of animal fats is butter, also with a high content of palmitic
acid. For comparison, olive oil was chosen, which contains almost 70 % oleic acid (Cis:1), which
according to many data has a positive effect on the body [12].

Material and research methods

Characteristics of the fatty acid composition of dietary fats used in the works were
presented in our previous work [13]. High-fat diet (HFD) was performed on 40 white Wistar rats
(males, 8-9 months, mean live weight 340+15 @), divided into 5 equal groups: 1st, control,
received a standard diet of vivarium with a content of 5 % fat. The 2nd to 5th groups received a

high-fat diet (HFD) with a content of 15 % of the corresponding fat: the 2nd — ordinary sunflower
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oil, the 3rd — olive oil, the 4th — palm oil and the 5th butter. Edible fats were introduced into the
feed instead of 15 % of the grain component.

The duration of feeding was 41 days without restrictions on feed and water consumption.
Was determined the increase in live weight during this period.

Euthanasia of animals was performed on the 42nd day of the experiment under thiopental
anesthesia (20 mg/kg) by total bleeding from the heart. The liver, mucous membrane of the small
intestine, gums were isolated and blood serum was obtained.

The content of glucose [14], cholesterol [15], triglycerides [15], activity of enzymes were
determined in blood serum: elastase [16], alkaline phosphatase (ALPH) [14], alanine
aminotransferase (ALT) [14]. Tissue homogenates were used to determine the activity of
elastase, catalase [17], urease [18], lysozyme [19] and the content of malonic dialdehyde (MDA)
[20].

According to the ratio of catalase activity and MDA content, the antioxidant-prooxidant
index of API was calculated [21], and according to the ratio of relative activities of urease and
lysozyme, the degree of dysbiosis was calculated according to A. P. Levitsky [22].

All results were subjected to standard statistical processing [23].

Results and discussion

Table 1 presents the results of determining the biochemical parameters of serum of rats
treated with HFD. These data show that all high-fat diets (HFD) increased glucose levels by 12-
26 %, and most of all butter.

Rats treated with butter had the highest hypertriglyceridemia (3.7 times higher than
control). All other HFD increased triglyceride levels by 95-168 %. Significantly (by 49-76 %) in
the serum increases the level of total cholesterol in rats treated with HFD.

All HFD increase the activity of elastase in the blood serum, which is a biochemical
marker of inflammation [16], with sunflower oil by 21 % (p<0.05) and palm oil by 31 %
(p<0.05). Olive oil had the least effect on elastase activity (13 %, p>0.1).

All rats treated with HFD did not significantly change the levels of two liver markers,
namely ALT and ALPH, which may indicate the absence of a negative effect of HFD on the liver
in the absence of hepatocytolysis and cholestasis.

In fig. 1 presents the results of determining the activity of elastase in the tissues of rats

treated with HFD. These data show that only high palmitic fats (palm oil and butter) significantly
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increase the level of elastase in the gums and liver, which may indicate the development of

inflammatory processes in these organs. At the same time, the activity of elastase in the mucous

membrane of the small intestine of rats treated with HFD did not differ significantly from the

control.

Table 1. The effect of HFD on the biochemical indicators of rat serum (n = 8 in each
group)

NoNe Grou Glucose, |Triglycerides, |Cholesterol, | Elastase, ALT, ALPH,
- P mmol / | mmol / | mmol / | pkat/I pkat/I pkat/I
1 |Control 5,8+0,2 | 0,19+0,02 | 1,62+0,24 | 236+15 |0,47+0,03 | 2,90+0,28
5> |sunflower oil 6,9+0,2 | 0,37+0,05 | 2,56+0,17 | 285+14 |0,42+0,02 | 3,08+0,42

p<0,05 p<0,01 p<0,05 p<0,05 p>0,05 p>0,3
3 |olive oil 6,6+0,2 | 0,46+0,04 | 2,79+0,19 | 268+23 |0,46+0,04 | 3,08+0,27
p<0,05 p<0,01 p<0,05 | p>0,05 | p>0,5 p>0,3
4 |Palm oil 6,5+0,2 | 0,51+0,03 | 2,85+0,21 | 309+20 |0,44+0,04 | 3,30+0,18
p<0,05 p<0,01 p<0,05 | p<0,05 | p>03 p>0,3
5 |Butter 7,3+0,3 | 0,70+0,05 | 2,44+0,18 | 282+21 |0,46+0,04 | 3,24+0,33
p<0,01 p<0,001 p<0,05 | p>0,05 | p>0,5 p>0,3
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Fig. 1. The effect of HFD on the activity of elastase in the tissues of rats for 41 days
(1 — control, 2 — sunflower oil, 3 — olive oil, 4 — palm oil, 5 — butter)
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In fig. 2 shows that the second marker of inflammation, MDA, changes little in rats
treated with HFD, except for those rats that received butter: in their gums, the MDA content
increased by 37 % (p<0.05).
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Fig. 2. The effect of HFD on the level of MDA in rat tissues
(1-5 —see Fig. 1)

In fig. 3 presents the results of determining the activity of catalase in the tissues of rats
treated with HFD. It can be seen that in the organs there is only a tendency to reduce the level of
catalase, except for those rats that received palm oil: they have catalase activity decreased
significantly by 16.5 % in the gums, and rats that received olive oil: they have a mucous
membrane small intestine catalase activity increased by 20 % (p<0,05).

In fig. 4 presents the results of determining the antioxidant-prooxidant index of API in the
tissues of rats treated with HFD. It is seen that in the liver and mucous membrane of the small
intestine of rats treated with HFD, the level of API did not change significantly. Only in the gums
was it significantly reduced in rats fed a diet of palm oil and butter.

In fig. 5 presents the results of determining the activity of urease, which is an indicator of

bacterial contamination. From these data it is seen that the mucosa of the small intestine reacted
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to the greatest extent to HFD, in which the urease level increased 3 times after consumption of

olive oil and 6-7 times after consumption of other fats.
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Fig. 3. The effect of HFD on catalase activity in rat tissues
(1-5 —see Fig.1)
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Fig. 4. The effect of HFD on the API index in rat tissues
(1-5 —see Fig. 1)
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Fig. 5. The effect of HFD on urease activity in rat tissues
(1-5 —see Fig. 1)

In the liver and gums, urease activity was significantly increased only in those rats that
consumed palm oil and butter.

In fig. 6 shows that, in contrast to urease, lysozyme activity in all tissues decreased,
especially in those rats that received HFD with palm oil and butter. In the liver of rats treated
with HFD, lysozyme activity was significantly reduced by 34 % (sunflower oil), 38 % (olive oil),
59 % (palm oil) and 71 % (butter). In the gums of rats, lysozyme activity was significantly
reduced in rats treated with sunflower oil (21 %), palm oil (39 %) and, especially, butter (73 %).
Olive oil also caused a 20 % decrease in lysozyme activity in the gums (however, p>0.05).

The degree of dysbiosis in the tissues of rats treated with HFD was calculated from the
ratio of the relative activities of urease and lysozyme. The corresponding data are presented in
Fig. 7, which shows that HFD in all cases causes the development of dysbiosis. The highest
degree of dysbiosis is observed in rats treated with palm oil or butter. Thus, in rats treated with
butter, the degree of dysbiosis increased 7 times (gums), 9 times (small intestine) and almost 5
times (liver).

In rats treated with palm oil, the degree of dysbiosis increased 3 times (gums), 10 times

(small intestine) and 3.5 times (liver).
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Fig. 6. The effect of HFD on lysozyme activity in rat tissues
(1-5 —see Fig. 1)
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Fig. 7. The effect of HFD on the degree of dysbiosis in rat tissues

(1-5 —see Fig. 1)
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If we combine the indicators of increase or decrease in the level of biochemical markers
in relation to the control of HFD, the corresponding data presented in table 2 show that the
activity of elastase on average in all HFD gives a significant increase in the gums and liver except
the small intestine, which increased the activity of elastase only butter. The same applies to the

second marker of inflammation — MDA.

Table 2. Influence of HFD average deviations in% from control of biochemical markers
of rats

. % deviations from control
Indicators - . -
gums | liver | small intestine

A. Biochemical markers of inflammation
Elastase + 33,9 + 10,6 +1,3
MDA + 15,5 +7,1 -0,5
B. Indicators of the antioxidant system
Catalase - 12,5 -2,1 -3,0
API -21,0 -8,1 -57
C. Dysbiotic indicators
Urease +211,5 + 20,2 + 383,3
Lysozyme -39,9 -50,3 -19,3
The degree of dysbiosis +243,7 +184,5 +617,5

Indicators of antioxidant protection (catalase and API) in all tissues of rats treated with
HFD show a significant decrease, especially in the gums.

Indicators of dysbiosis, namely urease, lysozyme and degree of dysbiosis, were the most
sensitive to HFD. In all tissues, the consumption of fats significantly increased the activity of
urease, which indicated bacterial contamination and significantly reduced the activity of
lysozyme. As a result, we have a significant increase in the degree of dysbiosis, which is

consistent with our previous data [8, 13].

Conclusions

1. High-fat diet (HFD) causes the development of dysbiosis in the body by reducing the
level of nonspecific immunity.

2. HFD reduces the level of antioxidant protection in all tissues.

3. HFD causes the development of inflammatory-dystrophic process in the liver and
gums.

4. HFD leads to an increase in serum triglycerides and cholesterol.
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5. Of all the studied fats, the greatest pathological effects on the organism have fats with a

high content of palmitic acid (butter and palm oil), and the least - olive oil.
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