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ABSTRACT
PURPOSE: To assess oxidative stress and the profile of fatty acids incorporated into the hepatic tissue of animals refed with high-fat
(HF) diets after acute food restriction.
METHODS: Fifty male Wistar rats were divided into five groups and fasting for 48 hours. One group was sacrificed without refeeding
(NR), a control group (C) was refed with the standard AIN-93 diet and the remaining groups with HF diets respectively consisting of
hydrogenated vegetable oil (PHVO), trans-free (TF) margarine and trans-free margarine enriched with ω-3 and ω-6 (O). After this
period the animals were sacrificed for malondialdehyde (MDA), catalase and hepatic fatty acid determination.
RESULTS: The groups refed with HF diets showed elevation of MDA levels compared to the C group (p<0.001 for GVH and p<0.01
for TF and O). Hepatic catalase activity was higher in the TF and O groups compared to group C (p<0.05 for both). The amount of
saturated fatty acids was lower in the PHVO and O groups compared to the remaining ones (p<0.001).
CONCLUSION: The consumption of high-fat diets after prolonged fasting favors oxidative imbalance in hepatic tissue.
Key words: Fasting. Diet, High-Fat, Oxidative Stress. Fatty Acids. Rats.
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Introduction

NASH by lipo-apoptosis mechanisms10,11. In addition, the greater
susceptibility of polyunsaturated fatty acids (PFA) to peroxidation

Nonalcoholic fatty liver disease (NAFLD) is caused by

by free radicals has led to the investigation of a possible relation

the accumulation of fat in the hepatocytes, also called steatosis,

between high-fat diets rich in PFA and NASH, since the second

and is a common cause of chronic liver disease1. The incidence of

step in the development of this liver disease implies the presence

NAFLD is associated with conditions of insulin resistance such as

of an inflammatory process which is strongly related to the pro-

obesity, type 2 diabetes, dyslipidemia and metabolic syndrome,

oxidative environment12.

and the disease can progress to inflammation of hepatic tissue

The objective of the present study was to assess the

called nonalcoholic steatohepatitis (NASH), fibrosis and cirrhosis1.

oxidative stress and the profile of fatty acids incorporated into the

The most accepted theory about the development of

hepatic tissue of animals refed with high-fat diets after acute food

NASH postulates that progression occurs in two hits, the first

restriction.

being the accumulation of fat in normal hepatocytes due to
increased triglyceride mobilization and free fatty acid oxidation2.

Methods

This process is related to the insulin resistance characteristic of
individuals with NAFLD, which is provoked by obesity and by

All

animals

were

handled

according

to

the

excess dietary intake of energy and fats. Hyperinsulinemia favors

recommendations of The Guide for the Care and Use of Laboratory

steatosis by increasing the de novo synthesis and flow of free

Animals13 prepared by the National Academy of Sciences and

fatty acids to the liver, by reducing β-oxidation and provoking

published by the National Institutes of Health (NIH publication 86-

increased levels of pro-inflammatory cytokines such as TNFα,

23 revised 1985), and the experimental procedure was approved

IL-1 and IL-6. The second hit is marked by the inflammatory

by the Animal Research Ethics Committee of FMRP/USP.

response triggered by the cytokines and by the production of free

Fifty male Wistar rats weighing 250-270 g were used.

radicals which characterizes the inflammation of hepatic tissue

The animals were from the Animal House of the Ribeirao Preto

and steatohepatitis. Thus, the greater the accumulation of fat, the

Campus of USP and were later maintained in the animal facilities

greater the oxidative and inflammatory response3,4.

of the Department of Internal Medicine, Faculty of Medicine of

Fasting is a practice followed by different populations in

Ribeirao Preto, USP. The rats were housed in individual cages in

association with religious and cultural practices and in pathological

an environment with controlled temperature (24±2°C) and under a

conditions such as eating disorders . In addition, the period

12 hour light-dark cycle.

5-7

of night sleep characterizes a daily situation of fasting. Many

The animals were divided at random into five groups

adaptations guarantee the maintenance of metabolic homeostasis

and starved for 48 hours. After this period they were refed for 24

in fasting and negative energy balance situations, when the

hours and then sacrificed. Before the experiment, the animals were

preferential source for the generation of energy – glucose – is

allowed to adapt to the environment and to the diet for three days.

restricted or completely absent. Mobilization of triacylglycerols

All solvents and reagents used for the FA quantification

from white adipose tissue then occurs, with the release of glycerol

were of chromatography grade and all the other chemicals used

and free fatty acids (FFA). Excess FFA mobilization towards the

were at least of ACS purity. Standards and biochemical reagents

liver may result in their accumulation in the hepatocytes if the

were obtained from Sigma Chemical Co. (St. Louis, MO, USA).

capacity for the transport of very low density lipoproteins (VLDL)

H2O2 was purchased from Merck & Co, Inc. (Sao Paulo-SP, Brazil).

is exceeded, giving origin to a situation of hepatic steatosis8.
The excessive consumption of high-fat diets is strongly

Preparation of the diets

associated with metabolic syndrome, insulin resistance and hepatic
steatosis and is a central characteristic of the so-called “modern
life style”9.

Five experimental groups of ten0 animals each were set up
according to the diet offered during the refeeding period. One group was

Population studies that characterize the eating profile of

sacrificed under fasting conditions without refeeding – no refeeding

populations with NAFLD or NASH provided the first evidence

group (NR) and the remaining groups were refed for 24 hours with diet

of a causal relation between lipid ingestion and the development

of different compositions: Control group (C) refed with the standard

of this liver disease, indicating that the consumption of saturated

AIN-93 diet14; Partially Hydrogenated Vegetable Oil group (PHVO)

fat may cause changes in the metabolism and the development of

which received 20% AIN-93 diet + 80% partially hydrogenated fat,
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Trans-Free Margarine group (TF) refed with 20% AIN-93 diet +
80% trans-free margarine, and group refed with Trans-free Margarine
containing mono- and polyunsaturated fats + 20% AIN-93 diet + 80%
trans-free margarine enriched with mono- and polyunsaturated fats.
Table 1 presents the composition of the experimental diets.
TABLE 1 - Composition of the diets (per 100g).

Ingredients

C
20
53
10
7
0

Casein
Starch
Saccharose
Soy oil
Partially hydrogenated vegetable oil
Trans-free margarine
0
Enriched trans-free margarine
0
Fiber
5
Minerals
3.5
Vitamins
1
L-cystine
0.3
Choline
0.25
BHT mg
1.4
Energy per 100g/diet (kcal)
397.2

PHVO
4
10.6
2
0
80

TF
4
10.6
2
0
0

O
4
10.6
2
0
0

0
0
1
0.7
0.2
0.06
0.05
0.28
786.8

80
0
1
0.7
0.2
0.06
0.05
0.28
786.8

0
80
1
0.7
0.2
0.06
0.05
0.28
786.8

*BHT - di-tert-butyl methyl phenol; C – Control group; NR – group without refeeding; PHVO – group receiving partially hydrogenated vegetable oil; TF – Transfree margarine group; O – group receiving margarine containing omega 3 and 6.

Thirty grams of diet were offered in individual stainless
still containers and the amount consumed was determined before
decapitation. The animals were weighed at the beginning of the
experiment, after a 48 hour fast and immediately before sacrifice.
Liver and blood were collected for biochemical determinations.
Biochemical analysis
Total hepatic fat was measured by the method of Bligh
and Dyer15 in a 500 mg liver aliquot.
The total fatty acids of liver and experimental oil
were determined by gas chromatography (Shimadzu Europe,
Duisburg, Germany) using an instrument fitted with a polar
SGE International (SGE Europe Ltd., United Kingdom) BPX70
column (30 m, 0.25 mm I.D., film thickness 0.25 mm). Helium
was used as carrier gas and make-up air. Synthetic air and
hydrogen were used for flame ionization detection at 280ºC.
Injections were made in the split mode. Fatty acids were
determined by gas chromatography using an external standard
(Supelco 37 component FAME Mix). Tissue fatty acids were
determined by a direct transesterification method adapted from
Lewis et al.16. After the determination, the peroxidability index
(PI) was calculated to determine the degree of unsaturation of
the hepatic fatty acids according to the method of Pamplona et
al17: PI = (% monoenoic acids x 0.025) + (% dienoic acids x 1)

The high-fat diets offered contained 93.4% lipids, while
the standard AIN-93 diet only contains 7% lipids from soil oil. The
composition of the oils and margarines used is listed in Table 2.

+ (% trienoic acids x 2) + (% tetraenoic acids x 4) + (pentaenoic
acids x 6) + (hexaenoic acid x 8).
Lipid peroxidation was measured in the liver by the
determination of malondialdeide (MDA) according to the method

TABLE 2 - Percentage of fatty acids in the lipid sources used
to prepare the diets.

Fatty acid
12:0
14:0
16:0
16:1
18:0
18:1n9c
18:1n9t
18:2n6c
18:2n6t
18:3n3
20:5n3
Others

Soy oil PHVO Trans-free M
ND

0.07
10.64
ND

2.88
27.07
0.06
52.03
0.22
5.22
0.40
1.40

44.95
23.35
0.13
2.26
0.42

24.80
1.39
2.37
0.09

Enriched
trans-free M
5.14
1.89
12.30
0.07
7.56
21.03
0.04
45.35
0.31
4.78
0.19

1.58

1.33

1.74

0.03
0.12
14.60
0.11
12.44
ND

5.15
2.15
31.09
0.10
3.97
27.15
ND

PHVO – partially hydrogenated vegetable oil; Trans-free M – trans-free margarine;
Enriched Trans-free M– trans-free margarine containing omega 3 and 6.
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of Gerard-Monnier et al.18 and catalase activity was assessed
according to the technique proposed by Aebi19 and expressed as U
(mol / min)/mg protein.
Statistical analysis
Data are reported as mean ± standard deviation. The
groups were compared by one-way analysis of variance followed by
the Tukey post-test. The level of significance adopted was p<0.05.
Results
The animals of the refed groups differed in growth
from group C (p<0.01 for PHVO, p<0.001 for TF and O). The
NR group showed a lower mean body weight than group C,
although the difference was not significant (p>0.05). These
data are presented in Table 3.

Oxidative stress and fatty acid profile in Wistar rats subjected to acute food restriction and refeeding with high-fat diets

TABLE 3 - Comparison of the general characteristics of the groups.

C

NR

PHVO

TF

O

% Diet consumption

58.33±11.89

-

56.33±30.12

87.33±4.44

Final weight(g)

269.6±12.70a

275.4±8.66a,b

289.2±14.62b,c

304.2±7.10d

303±10.94c,d

Liver weight (g)

13.34±2.15a

8.24±0.60b

10.17±1.77c

11.28±0.70c

11.21±0.76c

(% Body weight)

4.93±0.66

2.99±0.18

3.51±0.53

3.71±0.21

3.70±0.17c

% Liver fat

3.56±1.00a

7.93±2.99c

6.62±1.90b,c

6.50±1.91b,c

a

a

a

b

4.55±1.16ª,b

Data are reported as mean ± SD. a,b,c,d Mean values on the
same line followed by different letters were significantly different
(p<0.05; ANOVA followed by the Tukey post test). C – control

c

b

86.00±9.27b

c

remaining groups (p<0.01 for TF and O and p<0.05 for PHVO).
The quantity of hepatic protein was lower in groups PHVO
and O compared to group C (p<0.05 and p<0.01, respectively).

group; NR – group without refeeding; PHVO – group receiving

Table 4 shows the saturated fatty acid (SFA) profile of hepatic

partially hydrogenated fat; TF – trans-free margarine group; O –

tissue. There was a lower concentration of 16:0 in groups PHVO

group receiving margarine containing omega 3 and 6.

and O compared to groups C (p<0.001), NR (p<0.01 for PHVO

The offer of high-fat diets caused an increase in percent

and p<0.05 for O) and TF (p<0.001) and in group NR compared to

hepatic fat in groups PHVO, TF and O compared to group C (p<0.001

group C (p<0.01); Group TF had a higher mean compared to groups

for PHVO, p<0.01 for TF and p<0.05 for O) and group PHVO also

C (p<0.01) and NR (p<0.001). Group NR had a greater amount of

had higher mean values compared to group NR (p<0.01). Liver

18:0 compared to the remaining groups (p<0.001), and group TF had

weight was lower in the experimental groups compared to group C

lower values compared to groups C (p<0.01) and O (p<0.01). The

(p<0.001 for NR and PHVO and p<0.01 for TF and O) and group

amount of saturated fatty acids was lower in groups PHVO and O

NR differed from all others (p<0.001 for TF and O and p<0.05 for

compared to the remaining ones (p<0.001).

PHVO); the same was observed for the liver/total body weight ratio,

Table 5 shows the liver monounsaturated fatty acid

with the experimental groups showing a lower ratio compared to

(MUFA) profile. The trans fatty acid, 18:1n9t was incorporated only

group C (p<0.001) and group NR also had a lower ratio than the

in the PHVO. The sum of MUFAs was lower in the NR (p<0.05).

TABLE 4 - Composition of hepatic saturated fatty acids (wt%) as methyl esters.

Fatty acid

C

NR

PHVO

TF

O

14:0

0.30±0.08a

0.25±0.03a

0.30±0.05a

0.50±0.10b

0.48±0.05b

16:0

21.70±1.35a

19.38±0.99b

17.7±1.73c

23.92±1.11d

17.38±1.49c

18:0

15.35±1.79a

19.12±1.42b

15.01±1.93a,c

13.25±1.17c

15.79±0.52a

24:0

1.13±0.24

1.12±0.18

0.98±0.12

0.88±0.12

0.84±0.09b

SFA

39.70±1.22a

40.73±1.23a

34.19±3.45b

39.16±1.37a

a

a

a,b

b

35.29±1.51b

Data are reported as mean ± SD. a,b,c,d Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey
post test). C – control group; NR – group without refeeding; PHVO – group receiving partially hydrogenated fat; TF – trans-free margarine group; O – group receiving
margarine containing omega 3 and 6; SFA - saturated fatty acid.

TABLE 5 - Composition of hepatic monounsaturated fatty acids (wt%) as methyl esters.

Fatty acid

C

NR

PHVO

TF

O

16:1

1.42±0.99a

0.70±0.22b,c

1.17±0.44a,b

0.17±0.04c

0.24±0.12c

18:1n9c

9.24±1.18a,b

6.22±0.85a

14.24±5.34c

13.62±1.13c

9.98±0.57b

18:1n9t

NDa

Nda

1.95±0.99b

NDb

NDb

0.06±0.01

0.11±0.04

0.10±0.02

20:1n9

0.08±0.01

24:1n9

0.089±0.018a

0.076±0.014a

0.048±0.017b

0.023±0.007c

0.028±0.009c

MUFA

10.87±2.03ab

7.10±1.01b

17.58±6.22c

13.99±1.13ac

10.40±0.63ab

a,b

b

c

a

0.11±0.02c

Data are reported as mean ± SD. a,b,c,d Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey
post test). C – control group; NR – group without refeeding; PHVO – group receiving partially hydrogenated fat; TF – trans-free margarine group; O – group receiving
margarine containing omega 3 and 6; MUFA monounsaturated fatty acid.
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The liver polyunsaturated fatty acids (PUFA) are show
in the Table 6. The sum of PUFAs are higher in the NR and O
compared to C (p<0.05 for both), PHVO (p<0.05 for both) and

and PHVO (p<0.05 for all), and lower in the PHVO compared
to NR and C (p<0.05 for both); the NR had higher PI compared
to C (p<0.05).

TF (p<0.05 for both).
The Table 7 shows the n6/n3 ratio, which was higher
in the NR and O group compared to C (p<0.05 for both), PHVO
(p<0.05 for both) and TF (p<0.05 for both). The peroxidability
index (PI) was lower in the TF and O groups compared to C, NR

TABLE 6 - Composition of hepatic polyunsaturated fatty acids (wt%) as methyl esters.
Fatty acid
18:2n6c

C

NR

23.62±2.19

a,b

PHVO

22.81±1.87

a

TF

O

25.72±1.40

29.18±1.28

35.94±1.48d

b

c

18:2n6t

NDa

Nda

0.03±0.02b

NDa

NDa

18:3n6

0.38±0.06a,b

0.31±0.09a

0.36±0.19a

0.43±0.06a,b

0.51±0.08b

18:3n3

0.61±0.15a

0.73±0.14a

1.03±0.22b

1.37±0.16c

2.21±0.21d

20:2

0.13±0.07a

0.06±0.01b

0.10±0.03a,b

0.12±0.02a

0.10±0.01a,b

20:3n6

0.41±0.07a

0.26±0.03b

0.19±0.03c

0.26±0.04b

0.27±0.04b

20:3n3

0.77±0.13a

0.37±0.07b

0.45±0.13b

0.82±0.13a

0.65±0.14a

20:4n6

19.31±1.08a

23.39±1.76b

16.93±3.78a

11.98±1.36c

11.94±1.05c

20:5n3

0.47±0.07a,b,c

0.48±0.06a,b,c

0.50±0.07b

0.41±0.05c

0.50±0.06b

22:6n3

3.73±0.40

3.88±0.55

2.94±0.44

2.28±0.38

2.19±0.41c

PUFA

49.52±2.18a

52.25±0.98b

48.28±2.89a

a

a

b

c

46.88±2.06a

54.34±1.98b

Data are reported as mean ± SD. a,b,c,d Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey
post test). C – control group; NR – group without refeeding; PHVO – group receiving partially hydrogenated fat; TF – trans-free margarine group; O – group receiving
margarine containing omega 3 and 6; PUFA polyunsaturated fatty acid.

TABLE 7 - Ratios of n-6/n-3, conversion of fatty acids and peroxidability index.

Fatty acid

C

NR

PHVO

TF

O

n6

43.71±2.16

46.66±1.22

43.23±2.79

41.85±1.64

48.66±1.71b

n3

5.58±0.39a

5.45±0.42a

4.91±0.15b

4.89±0.50b

5.55±0.37a

n6/n3

7.86±0.62a

8.61±0.90a,b

8.80±0.40b

8.63±0.73a,b

8.80±0.47b

SFA/UFA

0.66±0.03a

0.69±0.04a

0.52±0.08b

16:1/16:0

0.063±0.041

0.036±0.009

18:1n9/18:0

0.615±0.135a,b

20:4n6/18:2n6c
22:6n3/18:3n3
PI

a

b

a

a

0.64±0.04a

0.55±0.04b

0.070±0.031

0.007±0.002

b

0.013±0.006b

0.330±0.068a

0.996±0.458c

1.036±0.141c

0.633±0.043b

0.825±0.103a

1.033±0.161b

0.666±0.175c

0.412±0.054d

0.333±0.034d

6.57±2.35a

5.67±2.16a

3.07±1.16b

1.68±0.30b,c

1.00±0.22c

138.27±6.16a

153.43±7.75b

124.54±16.43c

104.07±7.87d

111.82±6.50d

ac

a,b

a

Data are reported as mean ± SD. a,b,c,d Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey
post test). C – control group; NR – group without refeeding; PHVO – group receiving partially hydrogenated fat; TF – trans-free margarine group; O – group receiving
margarine containing omega 3 and 6; n-6 polyunsaturated omega-6 fatty acids; n-3 polyunsaturated omega-3 fatty acids; PI – peroxidability index.
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The groups receiving high-fat diets presented elevation
of MDA levels about double that of group C (p<0.001 for PHVO
and p<0.01 for TF and O), as show in Figure 1.
25

b

MDA (nmol/g ptn)

20

b

15

10

b

a,b

a

5

0

C

NR

Tb
1
PHVO

TF

O

FIGURE 1 - Hepatic malondialdehyde (MDA). The wide vertical bars
represent the mean values, and the fine bars represent the standard
deviation. a,b Mean values with different letters in the same bar were
significantly different (p<0.05; ANOVA followed by the Tukey post
test). C – control group; NR – group without refeeding; PHVO – group
receiving partially hydrogenated fat; TF – trans-free margarine group; O
– group receiving margarine containing omega 3 and 6.

Catalase (U/mg ptn)

Figure 2 shows the activity of hepatic catalase, an
antioxidant enzyme, was higher in groups TF and O compared to
group C (p<0.05 for both).

190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

b

b

a,b

a,b

a

C

NR

Tb

PHVO

TF

O

FIGURE 2 - Hepatic catalase activity. The wide vertical bars represent
the mean values, and the fine bars represent the standard deviation. a,b
Mean values with different letters in the same bar were significantly
different (p<0.05; ANOVA followed by the Tukey post test.. C – control
group; NR – group without refeeding; PHVO – group receiving partially
hydrogenated fat; TF – trans-free margarine group; O – group receiving
margarine containing omega 3 and 6.

Discussion
The offer of high-fat diets to rats represents an experimental
model for the study of diseases such as NAFLD and metabolic
syndrome20-22. The effects of trans fatty acids on the increase in LDL
cholesterol levels and the decrease of HDL cholesterol levels are
also well known23. In addition, these fatty acids are related to an
increased incidence of obesity and diabetes mellitus type 224.
The greater palatability of the diets offered to groups TF
and O justifies the greater food consumption by these animals.
Consequently, these groups also had a greater final body weight.
The percentage of hepatic fat shows that animals refed
with a fat-rich diet presented increased lipid amounts in the liver.
Refeeding with a high-fat diet after a prolonged fast maintains an
elevated concentration of free fatty acids25, which will be taken
up by the liver and will participate in β-oxidation during fasting.
The reduction of hepatic volume in the NR group
represents an adaptive metabolic change in response to the period
of food deprivation. The gastrointestinal tract has a high metabolic
rate and therefore the reduction in volume of these organs
represents a way of saving energy and is one of the morphological
changes due to food deprivation26.
Glucose and glycogen stores are initially utilized during
fasting and, with the increase in the time of deprivation, there is
consumption of triglycerides and release of free fatty acids and
glycerol from adipose tissue and proteins, since amino acids will
be used for gluconeogenesis26.
Trans fatty acids are absorbed at a high rate, with 18:1t
having a 95% coefficient of absorption, and they are also oxidized
at rates similar to those of cis fatty acids27. Although fatty acids
are efficiently absorbed, refeeding with a diet rich in 18:1n9t
resulted in the incorporation of about 2% of this fatty acid into
the liver of Wistar rats. The offer of a diet containing partially
hydrogenated vegetable oil for longer periods of time results in
increased amounts of this fatty acid in the hepatocytes28,29.
The groups refed with trans-free margarine and enriched
margarine showed a reduction of the essential long-chain fatty
acids 20:4n6 and 22:6n3. Although enriched margarine contained
greater quantities of essential fatty acids, especially in the form of
18:2n6 and 18:3n3, these fatty acids were not efficiently elongated
or desaturated during the refeeding period, as demonstrated
by the lower concentrations of 20:4n6 and 22:6n3 and by the
20:4n6/18:2n6 and 22:6n3/18:3n3 ratios. Neither margarine
contained significant amounts of trans fatty acids.
The reduced rates of conversion of saturated to
monunsaturated fatty acids in NR group demonstrates the
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reduced activity of the enzymes involved in desaturation and
elongation. Stearoyl-CoA desaturase-1 (SCD-1) is the enzyme
responsible for the conversion of 16:0 to 16:1 and of 18:0
to18:1. The hepatic expression of this enzyme is reduced under
fasting conditions and does not increase with refeeding with a
high-fat diet25. Thus, it is possible to conclude that the lower
activity of this enzyme caused a low 16:1/16:0 ratio in groups
NR, TF and O.
Although SCD-1 activity was reduced in the NR group,
this group presented the highest 20:4n6 values and the highest
20:4n6/18:2n6 ratio, indicating that arachidonic acid is spared
during prolonged fasting, as also are most PUFAs, since this group
showed reduction of SFAs and MUFAs.
The analysis of lipid peroxidation based on the
determination of MDA, a product of this process, demonstrated
that the animals refed with high-fat diets suffered greater
lipoperoxidation. The pro-oxidative environment caused by
excess dietary lipids favors the progression of NAFLD to
NASH, corresponding to the second step in the development of
the disease. Elevated hepatic MDA concentrations and reduced
superoxide dismutase activity indicate an environment favorable
to lipid peroxidation and to the consequent development of
NASH30. The products of lipid peroxidation are inflammatory
mediators and may activate stellate cells, stimulating collagen
synthesis and favoring the progression to tissue fibrosis31, with
progression from NASH to cirrhosis of the liver. Thus, it is of
fundamental importance to look at antioxidants as essential tools
in the prevention of NASH.
Catalase is an enzymatic antioxidant present in the
peroxisomes which acts in the decomposition of hydrogen
peroxide to water molecules and to molecular oxygen, preventing
the accumulation of this toxic component32. Hydrogen peroxide
(H2O2) is a reactive oxygen species that acts like all other free
radicals in the peroxidation of lipid membranes and causes cell
damage. Thus, its concentrations increased in proportion of the
production of H2O2. The increased values observed here in the
groups refed with trans-free margarine and margarine enriched
with ω-3, ω-6 and monounsaturated show that in these groups
there was a greater formation of H2O2, indicating that these lipid
sources activated this pathway.
Catalase is mainly present in the peroxisomes, in which
long-chain fatty acids are oxidized. The increased activity of this
enzyme suggests a greater oxidation of these fatty acids. The
higher activity of this enzyme is also linked to a higher expression
of the transcription factor PPAR-γ which is associated with the
development of hepatic steatosis33.
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Conclusions
The consumption of high-fat diets after prolonged
food restriction favors oxidative imbalance in hepatic tissue, as
demonstrated by the increased concentrations of lipid peroxidation
metabolites and consumption of antioxidant substances. Fasting
also results in oxidative stress, although with lower intensity.
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