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Abstract: The study aim was to evaluate some effects of a high-fat diet and a high-protein-fat diet in the hepatic steatosis
development in rats. Twenty nine Wistar rats were divided at random into three groups: Control: a control diet with soybean
oil; HF: a high-fat diet with 50% of lard; HPF: a high-protein-fat diet with about 40% of protein and 50% of lard. The groups
were fed with these diets during four weeks. The following parameters were analyzed: hepatic steatosis, serum and hepatic
lipid profile, lipid peroxidation, antioxidants concentration and hepatocytes damage. The HF group showed the highest caloric
intake per day and the highest weight gain (p<0.05). The hepatic cholesterol concentration was highest in the HF group and the
serum total cholesterol concentration was highest in the HPF group (p<0.05). The macrovesicular steatosis was predominant in
the HF group, with ballooning hepatocytes and Mallory bodies and in the HPF group predominant microvesicular steatosis was
found, without ballooning hepatocytes and Mallory bodies. An increase in TBARS and a decrease in Vitamin E in the HF and
HPF groups (p<0.05) was also found. The HF group showed the highest acid oleic deposit in the liver, followed by the HPF
group. The SFA hepatic concentration was similar among the groups (p>0.05), whereas the MUFA concentration was higher in
the HF and HPF (p>0.05) than the control group (p<0.05). Therefore, the experimental model used is an efficient model to
study hepatic steatosis. The HF and HPF groups had the same behaviors for oxidative stress, serum glucose and hepatic
damage in responses to the experimental diets, but these groups showed different esteatosis features.
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hyperglycemia. Therefore, hepatic steatosis is also a hepatic
manifestation of the metabolic syndrome [4, 5].

Inadequate diets, such as high-carbohydrate or high-fat
diets, may increase the serum glucose, insulin and free fatty
acid (FFA) concentrations. These poor dietary conditions
contribute to insulin resistance [6]. Insulin resistance also
contributes to steatosis pathogenesis, enhancing the fat
accumulation in the hepatocytes through the intrahepatic
synthesis of fatty acids from glucose [5]. In the insulin
resistance state, the glucose uptake in the adipose tissue and
skeletal muscle is impaired. The excess of insulin also
stimulates the adipocytokines secretion from the adipocytes,
so it decreases lipolysis and increases the FFA output from
the adipose tissue into the bloodstream, specifically in the

1. Introduction

Hepatic steatosis is characterized by the intracellular
accumulation of fat in the hepatocytes cytoplasm causing
histological changes in the liver [1]. Also known as fatty
liver disease, it is a common type of hepatic pathology,
considered an important illness in public health [2].
Nonalcoholic fat liver disease (NAFLD) has been identified
as the most common cause of chronic liver disease in
developed countries such as United States, Japan and
European countries [3].

Nowadays, the NAFLD has been associated with
metabolic disorders, such as insulin resistance, including
abdominal obesity, dyslipidemia, hypertension, and
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portal circulation. Together, the increased concentrations of
both glucose and FFA in the blood contribute to the excessive
accumulation of neutral lipids in the liver [6].

Moreover, the raise of FFA oxidation in the liver contributes
to the generation of reactive species oxygen (ROS) in the
mitochondria [7]. The free radical excess leads to the stress
oxidative state, and contributes to the lipid peroxidation.
Therefore, the oxidative stress and lipid peroxidation damage
the plasmatic membrane making hepatic cells vulnerable to
apoptosis [8]. This mechanism favors the inflammatory
response in the liver. There is good evidence of an association
between the oxidative stress and progression of NAFLD to
non-alcoholic esteatohepatitis [9].

The overconsumption of calories, fats and carbohydrates
and sedentary life style are also responsible for the
development of hepatic steatosis [10]. It is common to
observe in obese people or in those with insulin resistance the
ectopic triglycerides accumulation in the hepatocytes [11].
Changes in the macronutrients composition in the diet may
also indulge hepatic fat deposit and NAFLD, even without
changes in the body weight [12].

Dietary changes, such as carbohydrate decrease and fat
enhance, as in the Atkins and South Beach diets [6], could
impair the hepatic metabolism as the major source of energy
is the carbohydrate. Great portions of fatty acids in the diet
can induce the overproduction of ROS in the mitochondria,
where the oxidation enhance may promote the hepatocelular
steatosis, as well as obesity and NASH [13].

The low-carbohydrate diet offers higher concentration of
fat and protein, where a high-fat and a high-protein diet is an
important risk factor to cardiovascular disease. The high fat
intake, mainly saturated fatty acids (SFA), is responsible in
enhancing the blood lipid concentration, insulin resistance,
glucose intolerance and obesity [14]. Studies show that the
high fat intake may be limited in patients with NAFLD and
consumption should be around 7% to 10% of the total energy
intake [6]. Other authors have associated the high protein
intake with insulin resistance and glucose intolerance [10,
15].

According to what was exposed, diet changes may
promote the hepatic steatosis, oxidative stress increase and
hepatic injury. Therefore, it is very important to check the
impact of several diets on the liver. The aim of the present
study was to evaluate some deleterious effect of high-fat diets
and high-protein-fat diets in the hepatic steatosis
development, through the following parameters: hepatic
steatosis level, hepatic and serum lipid profile, oxidative
stress and hepatic damage.

2. Materials and Methods

2.1. Experimental Design

The present study was approved by the institution’s Ethics
Committee of Animal Experimentation (protocol number
163/2008) of the Faculty of Medicine of Ribeirdo Preto,
University of Sdo Paulo. Twenty nine Wistar rats weighing

about 100g each, from the Central Animal House of the
Faculty of Medicine of Ribeirdo Preto, University of Sao
Paulo, were kept in individual cages on a 12 hour light —12
hour dark cycle at a mean temperature of 22°C and were
divided at random into three groups: Control: control diet
with vegetal oil (soybean oil); HF: high-fat diet with 50% of
animal fat (lard); HPF: high-protein-fat diet with about 40%
of protein (casein) and 50% of animal fat (lard).

The control diet was based on AIN-93 diet by Reeves et al.
[16,17] and the HF and HPF diets were prepared with animal
fat (lard) instead of vegetal oil (soybean oil). The diet
compositions are shown in Table 1.

Initially the animals had an adaption period to the diets,
where the experimental diets were mixed with the
commercial diet at a 1:1 ratio (commercial diet: experimental
diet) during seven days, and later the ratio increased to 2:1
for more seven days. At the end of these two weeks, each
group was fed only with their experimental diets and water
ad libitum during four weeks. The animals received fresh
food every 2 days. Food intake and weight were measured
weekly throughout the study period to estimate the weight
gain. The total caloric value of the control diet, high-fat diet
and high-protein-fat diet were respectively 1651.84kJ
(394.8Kcal), 2551.40kJ (609.8Kcal), 2551.40kJ (609.8Kcal)
per 100g.

At the end of four weeks, the animals were sacrified by
decapitation and the blood and liver were collected. The
blood was centrifuged and the plasma was stored at -80°C.
The livers were removed, weighed, immediately frozen in
liquid N, (-196°C) and stored at -80°C. A sample of fresh
liver was collected and submerged in formaldehyde for
histopathologic analysis.

Table 1. The percentage composition of diets.

Nutrient Control HF HPF
Carbohydrate (Starch) 62.95% 29.95% 0%
Protein (Casein) 20.0% 20.0% 39.95%
Fat (Soybean oil) 7.0% -

Fat (Lard) -—- 50.0% 50.0%
Fiber (Cellulose) 5.0% 5.0% 5.0%
Minerals 3.5% 3.5% 3.5%
Vitamins 1% 1% 1%
Choline 0.25% 0.25% 0.25%
Cystine 0.3% 0.3% 0.3%
BHT 0.0014% 0.0014% 0.0014%

BHT: Butylated hydroxytoluene.
Control: AIN-93 diet"*"?,

HF: High-fat diet.

HPF: High-protein-fat diet.

2.2. Biochemistries Determinations

The total liver fat content was extracted and quantified by
the method proposed by Bligh & Dyer [18]. The lard fatty
acids and soybean oil fatty acids were determined by the
Andrioli et al. [19] method; however, the hepatic fat acids
were determined by the Jung et al. [20] method.
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The vitamin E concentration was determined by HPLC
(LC-20A; Shimadzu) according to a previous method
described by Jordao ef al. [21]. The total reduced glutathione
(GSH) was determined in the liver as described by Sedlack &
Lindsay [22] and the serum GSH was determined by the
method of Costa et al [23].

The thiobarbituric acid reactive substances (TBARS), as
parameters of lipid peroxidation, were determined in the
plasma and liver by the methods of Buege & Austi [24]. And
the hepatic protein carbonyl content (PCC), as parameter of
protein oxidation was determined by Levine et al. [25].

Hepatic and serum protein, serum glucose, serum alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST), hepatic and serum total cholesterol, hepatic and
serum triglycerides, serum fructosamine and serum high
density lipoprotein (HDL) were determined by Labtest™
commercial kits. Before determining the hepatic cholesterol
and hepatic triglycerides it was necessary to extract the fat by
the Bligh & Dyer [18] method. Finally the low density
lipoprotein (LDL) and very low density lipoprotein (VLDL)
were calculated by Friedewald et at. [26].

The DNA damage in the hepatocytes was determined by
the comet assay method described by Ong et al. [27].

2.3. Hepatic Histopathologic Evaluation

The liver sample collected immediately after the animals
were sacrificed, was divided into fragments, which were
submerged in 4% buffered formaldehyde for 24 hours. After
the fragments were washed with an alcohol solution (alcohol
70%), they were embedded in paraffin, cut into 4-mm thick
sections and stained with hematoxylin and eosin (HE) for
semi-quantitative determination of the hepatic steatosis,
using a standard light microscope (400x) by a qualified
pathologist. This semi-quantification of the hepatic steatosis
was scored with crosses [28]: 0 — 25% (1+); 26 — 50% (2+);
51 —75% (3+); and 76 — 100% (4+).

The hepatic steatosis was also classified microscopically
by Burt e/ al. [29] in macrovesicular and microvesicular. In
macrovesicular steatosis there is usually a large fat droplet,
which distends the hepatocyte that displaces the nucleus to
one side or to hepatocyte periphery, by contrast in

microvesicular steatosis there are multiple small droplets
which are dispersed in cytoplasm usually without nuclear
displacement. Also the presence of Mallory body and
ballooned hepatocytes were assessed by a semi-quantitative
method, described by Hanada et al. [30]. Hepatocyte
ballooning was scored as 0-3 (0, none; 1, rare; 2, frequent; 3,
abundant) and Mallory-Denk body and were both as 0-4 (0,
none; 1, rare; 2, moderate; 3, frequent; 4, abundant).

2.4. Statistical Analysis

Data are reported as mean values and standard deviations,
and the groups were compared by ANOVA followed by the
Tukey post test. In all analysis, the level of significance was
set at p<0.05.

3. Results
3.1. Caloric Intake, Weight Gain and Diet Efficiency Rate

The HF group showed the highest caloric intake per day
and the highest weight gain among the three groups (p<0.05).
The diet efficiency rate was similar between the HF and HPF
groups (p>0.05), Table 2.

Table 2. Caloric intake, weight gain and diet efficiency rate per group.

Control Group  HF Group HPF Group

Mean SD Mean SD Mean SD
Caloricintake 5 75\ 60.03 513.08b 6347 40053b  66.44
(KJ/day)
Caloric intake
Kealiday) 72362 1650 12263b 1517 9573¢ 1588
g;“‘ght 84N 510702 43.18 522.89b 63.59 427.10c  73.08
Diet

039a 0.10 086b 004 090b  0.05

efficiency rate

Control: AIN-93 diet"*'”.

HF: High-fat diet.

HPF: High-protein-fat diet.

Weight gain: Difference between final weight and initial weight.

Diet efficiency rate: Express the diet efficiency to provide weight gain.
a,b,c: Different letters in the same line means p<0.05.

3.2. Liver Weight, Hepatic Fat and Serum Lipids

Table 3. Lipid parameters of hepatic tissue and serum.

Control Group HF Group HPF Group

Mean SD Mean SD Mean SD
Liver weight (g) 7.71a 1.42 23.58b 3.89 18.26 ¢ 3.15
Liver weight/Animal weight (%) 2.58a 0.13 3.83b 0.45 3.54b 0.25
Total hepatic fat (mg/g of tissue) 68.67 a 21.64 172.99 b 35.81 13791b 39.65
Hepatic cholesterol (mg/g of tissue) 3.66a 1.80 9.34b 1.54 591c 1.81
Hepatic triglycerides (mg/g of tissue) 20.71a 33.53 63.58 b 22.57 56.36 b 28.22
Serun total cholesterol (mg/dL) 62.21 a 12.28 70.58 a 10.93 92.65 b 22.71
Serum triglycerides (mg/dL) 53.26 a 26.73 122.02 b 61.08 109.20 b 33.67
Serum HDL (mg/dL) 15.67 a 3.60 14.67 a 4.18 17.08 a 225
Serum LDL (mg/dL) 35.95 ab 14.10 36.05a 12.02 5373 a 22.81
Serum VLDL (mg/dL) 10.65 a 5.14 2440 b 12.21 21.84b 6.74
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Table 3 presents the final liver and animal weight, liver
weight/animal weight rate, hepatic fat and serum lipid
concentration of each group. The group fed with a high-fat
diet showed the highest liver weight (p<0.05). Furthermore
the liver weight/animal weight rate, hepatic fat, fat liver
percentage, hepatic and serum triglycerides and serum VLDL
were higher in the HF and HPF groups than in the control
group (p<0.05). The hepatic cholesterol concentration was
the highest in the HF group and the serum total cholesterol
concentration was the highest in the HPF group (p<0.05).
The serum LDL concentration was the smallest in the HF
group (p<0.05) and no significant differences in the serum
HDL concentration were detected among the groups
(p>0.05).

3.3. Hepatic Steatosis

Hepatic steatosis was identified in all animals fed with a
high-fat diet and a high-protein-fat diet. Most animals (6/9)
of the HF group developed steatosis 4+ (76-100%), 50%
(5/10) of the animals in the HPF group showed steatosis 3+
(51-75%), Figure 1. The characteristics of steatosis in the HF
group were predominantly macrovesicular and in the HPF
group were microvesicular, Figure 2.

Ballooned hepatocytes were abundant (score 3) in the HF
group and rare (score 1) in the HPF group. The hepatocytes’
cytoplasm in the HF group was full of large fat droplets. The

Mallory-Denk bodies were frequent (score 3) in the HF
group and rare (score 2) in the HPF group. The control
group, however, showed normal steatosis resulting normal fat
metabolism in normal hepatocityes and no ballooned
hepatocytes were found (score 0) and Mallory-Denk bodies
(score 0).

—
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Figure 1. Histological analysis of hepatic steatosis.

1+: 0-25% of hepatic steatosis.
2+: 26-50% of hepatic steatosis.
3+: 51-75% Of hepatic steatosis.
4+: 76-100% of hepatic steatosis.
Control group: AIN-93 diet'®'".
HF group: High-fat diet.

Figure 2. Photomicrographs of liver tissue (magnification 200x). 2a: Control group without steatosis. 2b.: High-fat group with predominantly macrovesicular
steatosis and ballooning hepatocytes. 2c: High-protein-fat group with predominantly microvesicular steatosis.
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3.4. TBARS, PCC, GSH and Vitamin E

Hepatic free TBARS and hepatic total TBARS levels were
higher in the HF and HPF groups compared with the control
group (p<0.05). No significant differences in serum free
TBARS and serum total TBARS concentrations were
detected among the groups (p>0.05).

The hepatic PCC level were higher in HPF group than HF

group (p<0.05) and no significant differences were observed

in control group compared with HF or HPF groups (p>0,05).
No significant differences were observed in hepatic GSH

and serum vitamin E (p>0.05), but serum GSH levels were

smaller in the HF and HPF groups and hepatic vitamin E was

higher in the HPF compared with the control group (p<0.05).
These results are presented in Table 4.

Table 4. TBARS, GSH and vitamin E levels of hepatic tissue and serum.

Control Group HF Group HPF Group

Mean SD Mean SD Mean SD
Hepatic free TBARS (nmol/g of protein) 45.51a 17,94 148,47 b 55,49 143,05 b 59,00
Serum free TBARS (nmol/g of protein) 31.68 a 6,96 26,19 ab 5,61 22,62 b 4,75
Hepatic total TBAR (nmol/g of protein) 279.16 a 123,25 781,81 b 301,85 635,21b 224,02
Serum total TBARS (nmol/g of protein) 132.02 a 28,98 109,13 ab 23,36 94,25b 19,77
Hepatic free-iron TBARS (nmol/g of protein) 212.73 a 70,59 452,79 b 246,22 393,70 ab 234,68
Hepatic PCC (nmol/mg protein) 1,07 ab 0,31 0,89 a 0,31 1,58 b 0,55
Hepatic GSH (nmol/g of protein) 13.66 a 6,61 16,98 a 7,49 1991 a 10,55
Serum GSH (mmol/g of protein) 0.84 a 0.25 0,71 ab 0,21 0,54 b 0,15
Hepatic vitamin E (nmol/g of tissue) 59.79 a 10.63 51,10b 7,98 65,11 ab 9,70
Hepatic vitamin E (nmol/g of fat) 0.94 a 0.32 0,31 b 0,11 0,50 b 0,12
Serum Vitamin E (pmol/L) 7.03 a 2.40 6,85 a 3,19 8,78 a 3,79

TBARS: Thiobarbituric acid reactive substances.
PCC: Protein carbonyl content.

GSH: reduced glutathione.

Control: AIN-93 diet®!?,

HF: High-fat diet.

HPF: High-protein-fat diet.

a,b,c: Different letters in the same line means p<0.05.

3.5. Glucose, Fructosamine, Total Proteins and Hepatic
Enzymes

Table 5 presents glucose, fructosamine, proteins and
hepatic enzymes results. Glucose levels were higher in the
HF and HPF groups and fructosamine level was smaller in
the group fed with a high-protein-fat diet compared with the

control group (p<0.05). No significant differences were
observed in the serum and hepatic protein concentration
among the groups (p>0.05). The HPF group showed higher
serum ALT concentration than the control group (p<0.05),
but no significant differences were observed in the serum
AST concentration among the groups (p>0.05).

Table 5. Glucose, fructosamine, total protein and hepatic enzymes levels per group.

Control Group HF Group HPF Group

Mean SD Mean SD Mean SD
Glucose (mg/dL) 119.35a 13.99 179.15b 22.62 166.82 b 18.45
Fructosamine (mM) 327.84 a 61.65 256.78 ab 152.64 153.70 b 62.14
Serum total protein (g/dL) 7.74 a 0.86 8.04 a 0.93 8.68 a 1.22
Hepatic total protein (g/g of tissue) 03la 0.09 032a 0.12 028 a 0.13
AST (UIVL) 2498 a 1.95 26.11a 2.31 26.76 a 1.89
ALT (UI/L) 2422 a 221 26.72 ab 2.70 30.20b 4.52
AST/ALT 1.04 a 0.13 0.98 ab 0.09 0.90 b 0.09

AST: Aspartate aminotransferase.

ALT: Alanine aminotransferase.

UL International units.

Control: AIN-93 diet!'*!7.

HF: High-fat diet.

HPF: High-protein-fat diet.

a,b,c: Different letters in the same line means p<0.05.
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3.6. Comet Assay

The comet length in the control, HF and HPF groups were
respectively: 59.33 + 14.19 um, 68.47 + 8.81 um e 75.29 +
8.21 um. However, no significant differences were observed
in length comet (p=0,1023).

3.7. Fatty Acids and Vitamin E Concentrations in Soybean
Oil and Lard

The fatty acids profiles of soybean oil and lard are
presented in Table 6. The vitamin E values provided by
soybean oil and lard were respectively: 39.30 £ 0.52 pmol/L
and 3.38 £ 0.16 pmol/L.

Table 6. Percentage of fatty acids in the soy oil and lard used in
experimental diets.

Fatty Acids Soy Lard
o-Linolenic acid C18:3n3 0.09 0.58
Eicosadienoic acid C20:2n6 - 0.53
Dihomo-linolenic acid C20:3n6 0.15 -
Eicosatetraenoic acid C20:3n3 - 0.22
Arachidonic acid C20:4n6 - -
Erucic acid C22:1n9 0.47 -
Eicosapentaenoic acid C20:5n3 0.15 -
Others 0.57 -
> SFA 15.61 36.26
> MUFA 24.08 45.85
> PUFA 59.73 17.87
1P 61.13 19.83

> sum.

SFA: saturated fatty acids.

MUFA: monounsatursted fatty acid.
PUFA: poliunsaturated fatty acid.
IP: peroxidative index.

Fatty Acids Soy Lard
Myristic acid Cl14:0 - 1.40 3.8. Hepatic Fatty Acid
Palmitic acid Cl6:0 12.26 24.53
Palmitoleic acid Cl6:1 = 2.39 The determined hepatic fatty acids correspond to the total
Margaric acid C17:0 - 0.26 fatty acids, without distinction between the free fatty acids
Margaroleic acid C17:1 - 025 and membrane phospholipids or triglycerides deposit. Their
izmis mold] CLERD Sl Loy levels were expressed by the percentage per area. Table 7
Oleic acid C18:1n9¢ 23.61 43.23 .
Rt presents the average percentage of saturated fatty acids
me)lelc ,amd, C18:2n6c 58.96 16.54 (SFA), monounsaturated fatty (MUFA) acids and
y-Linoleic acid C18:3n6 0.38 - . .
polyunsaturated fatty acids (PUFA) from the hepatic tissue.
Table 7. Hepatic fatty acid profile.
Control Group HF Group HPF Group
Mean SD Mean SD Mean SD
Myristic acid (C14:0) 035a 0.12 0.43 ab 0.03 045b 0.05
Pentadecanoic acid (C15:0) 0.10a 0.02 0.10a 0.01 0.11a 0.01
Palmitic acid (C16:0) 21.67a 2.35 2290 a 1.14 21.24a 0.68
Margaric acid (C17:0) 021a 0.04 0.27b 0.01 0.27b 0.02
Stearic acid (C18:0) 14.38 a 2.75 11.09 b 1.51 13.42a 1.02
Arachidic acid (C20:0) 0.06 a 0.02 0.05a 0.01 0.04 a 0.01
Docosanoic acid (C22:0) 0.16 a 0.04 0.07 a 0.01 0.10a 0.12
Lignoceric acid (C24:0) 0.19a 0.08 1.18 b 0.44 1.50 b 0.32
> SFA 37.12 a 2.59 36.08 a 0.74 37.13 a 0.41
Palmitoleic acid (C16:1) 1.55a 1.11 0.64 b 0.07 0.58b 0.06
Margaroleic acid (C17:1) 0.10a 0.05 0.09 ab 0.01 0.07 b 0.01
Oleic acid (C18:1n9c¢) 13.30 a 3.99 2422 b 1.72 20.55¢ 1.80
Eicosamonoenoic acid (C20:1n9) 0.15a 0.09 031b 0.11 0.15a 0.04
> MUFA 15.10a 4.76 2525b 1.86 21.34c 1.85
Linoleic acid (C18:2n6¢) 24.06 a 3.84 22.67 ab 0.58 21.32b 0.80
v-Linoleic acid (C18:3n6) 043 a 0.21 045a 0.12 043 a 0.08
a-Linolenic acid (C18:3n3) 0.76 a 0.25 0.39b 0.06 041b 0.07
Dihomo-linolenic acid (C20:3n6) 0.17 a 0.06 0.35b 0.06 0.34b 0.04
Eicosatetraenoic acid (C20:3n3) 0.57a 0.21 0.64a 0.07 0.62a 0.13
Arachidonic acid (C20:4n6) 17.36 a 3.82 12.04 b 1.62 15.46 ab 1.15
Eicosapentaenoic acid (C20:5n3) 02la 0.09 0.17a 0.02 0.18a 0.03
Docosadienoic acid (C22:2) 0.08 a 0.04 0.02b 0.01 0.03b 0.02
Docosahexaenoic acid (C22:6n-3) 3.88a 0.88 1.70 b 0.28 2.08b 0.18
> PUFA 4751 a 4.19 38.46 b 1.56 40.88 b 1.78

> : sum. SFA: saturated fatty acids. MUFA: monounsatursted fatty acid. PUFA: poliunsaturated fatty acid.

Control: AIN-93 diet!'“!”. HF: High-fat diet. HPF: High-protein-fat diet.
a,b,c: Different letters in the same line means p<0.05.
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4. Discussion

Through the experimental model it was possible to
establish that the excessive consumption of saturated fat
contained in lard lead to hepatic steatosis development in
rats.

The daily diet consumption in gram was almost the same
among the groups. However, the energy consumption was
different once the experimental diets were not isocalorics, as
both the high-fat diet and high-protein-fat diet provided over
55% of the energy than that of the control group.
Consequently, the experimental diets with high fat (lard)
showed higher diet efficiency rate inducing over weight gain
and increased hepatic weight. This fact suggests that the diet
composition was responsible for the histological and
biochemical changes found.

The experimental diets contain more fat, mainly SFA and
MUFA, compared with the control diet, consequently more
free fatty acids (FFA) sources to the bloodstream and liver, so
the liver is exposed to an excess of fat, stimulating unbalance
between the hepatic synthesis and a turnover of triglycerides
[6]. The excess fat consumption explains the increased
hepatic total fat, hepatic cholesterol and hepatic triglycerides
in the HF and HPF groups. However, the HPF presented less
hepatic cholesterol concentration than the HF group, which
could be explained by the fact that the HPF diet being
carbohydrate free [31], thercfore there was probably an
increased fat mobilization to the energy synthesis, through
ketone bodies synthesis, as there was not enough energy
supply in the glucose form.

The serum triglycerides were superior in the HF and HPF
groups, because of the excess of fat in diets. Moreover,
studies report that the serum triglycerides levels also
increased in insulin resistance condition and can at the same
time develop hepatic fat deposit, thus the excess of insulin
stimulates triglycerides output from adipose tissue by
lipoprotein lipase pathway, increasing serum triglycerides
[6].

The hepatic and serum cholesterol concentration were
different in the HF and HPF, the HF group had more hepatic
cholesterol and less serum cholesterol than the HPF group.
The HPF behavior can be explained by a higher protein
consumption which led to an increase in low density
lipoprotein synthesis, an important lipid carrier, whose
function is to carry cholesterol from the liver to other tissues,
through the bloodstream, as well as increasing serum total
cholesterol concentration.

In the present study, no significant difference (p>0.05) was
observed in the serum HDL concentration among the three
groups, in contradiction to literature findings [32]. Probably,
the HDL levels did not change because the high-fat diet and
high-protein-fat diet contained a high concentration of
MUFA and the animals in the HF and HPF groups ate
enough MUFAs able to keep the serum HDL levels, since the
MUFA beneficial effect is to increase the serum HDL

concentration[33].

The serum VLDL concentration in the HF and HPF had no
significant difference (p>0.05), but it was higher than the
control group, perhaps the excess of SFA and increased
hepatic fat led to an improvement in the VLDL output from
the liver to the bloodstream, in order to avoid the hepatic fat
accumulation. Nevertheless, the improved VLDL output in
these groups was not enough to keep the triglycerides
turnover in the liver and prevent the hepatic steatosis
development.

Notably, the HF and HPF groups developed hepatic
steatosis (Figure 2), however the histological features were
different: macrovesicular steatosis was predominant in the
HF group and microvesicular steatosis was predominant in
the HPF group.

According to Brunt & Tiniakos [34], in NAFLD it is
normal to find macrovesicular steatosis, generally just one fat
droplet involves almost all cytoplasm of hepatocytes, pushing
the nucleus to periphery. Although microvesicula steatosis
can be presented in NAFLD, it is not common to find.

Macrovesicular and microvesicular steatosis are reversible
degenerative injuries, but apparently the pathogenesis is
different [35,36]. Possibly, the microvesicular steatosis
reason is some dysfunction in the mitochondria of the
hepatocytes, followed by defects in P-oxidation and urea
synthesis [37,38], leading to fat deposit in the liver. The
macrovesicular steatosis development is related to some
changes at any point in the hepatic lipid metabolism pathway,
resulting in hepatic triglycerides deposit [29]. Charlton et al.
[39] suggest a dysfunction in the cytoplasmatic secretion of
the lipoproteins is one way of developing macrovesicular
steatosis.

The macrovesicular and microvesicular steatosis have
different prognostics, apart from their etiology [35]. In
humans, macrovesicular steatosis has a longer prognostic,
uncommonly progresses to fibrosis and cirrhosis. In contrast,
microvesicular steatosis is generally related to clinical
features, such as hepatic encephalopathy and liver failure and
also related to an advanced fatty liver disease state [36].

In the HF group, along with the predominantly
macrovesicular steatosis a higher presence of ballooning
hepatocyte and Mallory-Denk bodies were found. Caldwell et
al. [40], suggest that fat droplets deposit results in the
ballooned hepatocytes formation, stimulating Mallory-Denk
bodies formation, once the accumulation of fat droplets in
hepatocytes can damage the endoplasmatic reticulum and
injure the cytoskeleton and, as a consequence, may change in
the fatty acids elimination in the hepatocytes, favoring
underlying hepatic fat accumulation, which is lipotoxic. And
the injury of cytoskeleton is evident as loss cytokeratin
elements and formation of Mallory-Denk bodies.

The presence of microvesicular steatosis in the HPF group,
probably occurred due to the increased protein consumption
and absence of carbohydrate in the high-protein-fat diet, thus
there was an increase in protein oxidation and an increase in
gluconeogenesis [41], consequently increased the synthesis
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of free radicals and nitrogen compounds, such as ammonia
and urea, which are toxic to the body and damage the
mitochondria.

The excessive consumption of fat was also responsible for
the increased glucose in the HF and HPF groups, in
agreement with previous studies [42]. Fructosamine is a
marker of the levels of glycated serum protein and the levels
were smaller in the HF and HPF groups compared with the
control group, as the serum fructosamine levels directly
reflect the glucose intake by the diet, because the
fructosamine concentration may reflect the plasma
concentrations of glucose over the last 20 days [43].

Even with the higher protein supply in the high-protein-fat
diet, no significant differences were observed in the serum
and hepatic total protein, because all excess of protein which
the body does not use for the synthesis of hormone, enzymes
and plasma proteins or in gluconeogenesis or in maintaining
muscle mass, is excreted by the body as urea [44], or is
oxidized to provide energy, because there is no place in the
body for permanent storage of protein [45]. Probably, the
excess of protein from high-protein-fat diet were oxidized
because there was an increase in protein carbonyl
concentration in the liver of HPF group.

In the present study, the experimental diets, high-fat and
high-protein-fat, were able to increase the concentration of
total TBARS, free TBARS and free/iron TBARS. These
findings indicate that the highest supply of fat is directly
related to the lipid peroxidation enhanced and raised
production of reactive oxygen species (ROS), which are able
to damage the DNA, the proteins and the membrane
phospholipids, leading to disturbances in cellular
homeostasis [46]. In hepatic antioxidant defense, the vitamin
E levels were smaller in the groups that the TBARS
enhanced, specifically the HF and HPF groups, and this fact
shows that there was a raise in vitamin E utilization in
attempt to reduce the lipid peroxidation and maintain a
balance between free radicals and antioxidants, but the
vitamin E consumption was not enough to avoid the presence
of oxidative stress.

In the GSH storage there was no change possibly because
the experimental period was short, only four weeks, therefore
only the vitamin E storage was used by the liver. Probably if
the study was held for a longer period, the GSH storage
would be depleted in the HF and HPF group, due to the
constant increase in the free radicals production caused by
the consumption of the high-fat and high-protein-fat diets.
The oxidative stress was higher in the hepatic tissue than in
the serum level, because no enhance in the serum TBARS
concentration and no change in the vitamin E concentration
were observed in the HF and HPF groups, and it was possible
to maintain the balance between the free radicals and
antioxidants only through the serum GSH consumption.

In the HPF group, the increased of production of reactive
oxygen species in the liver, mainly by increasing protein
oxidation, possibly damage the hepatic mitochondria [46].
According to authors [35,37], some dysfunction in the
mitochondria of the hepatocytes possibly is one of the

reasons of the microvesicular steatosis development.

The hepatic damage was analyzed first through assessment
of the liver function by the serum Iliver enzymes
determination, but no significant differences were observed
in the AST levels among the three groups at the end of the
study, while only the HPL group showed an increase in the
ALT levels. Previous studies fed the Sprague-Dawley [47]
rats and rabbits [48] with high-fat diets, during long periods,
respectively 46 weeks and 24 weeks, and also did not detect
any difference between the AST and ALT levels at any time
of the experiment. Later, the comet assay was executed to
measure the DNA damage in hepatocytes, although the high-
fat diets of lard were not able to harm the hepatocytes DNA,
probably because the study lasted only four weeks.

There are few studies [49, 50] evaluating fatty acids profile
in the liver tissue of rats fed with a high-fat diet made with
lard, usually the studies seek to determine the serum and
adipose tissue fatty acids profile.

Newly, Vial et al. [50] in their study fed the animals with a
high-fat diet with 50% of lard plus 4% de soybean oil over
eight weeks. The serum and hepatic fatty acids concentration
were measured, and the hepatic levels found of palmitoleic
acid (Cl16:1), oleic acid (18:1n9c), eicosamonoenoic acid
(C20:1n9), Linoleic acid (C18:2n6c) and arachidonic acid
(C20:4n6), were near to those found in the present study.

The hepatic steatosis has been associated to excessive
accumulation of oleic acid in humans [51]. The oleic acid is
monounsaturated fatty acid of omega-9 family and the final
product of de novo lipogenesis (DNL). According to this, the
HF group showed the highest steatosis degree (4+, 76-100%)
in most animals, and the oleic acid content was also the
highest, followed by the HPF group, which steatosis
prevalent was 3+ (51-75%) and the oleic acid deposit was
under the HF group (p<0.05). In the control group no ectopic
steatosis was observed, thus the oleic acid deposit was the
lowest among the groups (p<0.05).

Even with greater saturated fat supply in the HF and HPF
groups, no significant difference was observed in the hepatic
saturated fat concentration among the groups. According to
Almeida et al. [49], it is expected that saturated fat had been
stored in a large amount in the adipose tissue, because in a
previous study this author found a correlation between
saturated fat intake and tissue deposition in animal models.
However, in the present study no analysis of fat acid
composition of the adipose tissue was done to prove this
hypothesis. The animals fed with high-fat and high-protein-
fat diets showed high concentrations of hepatic MUFA and
low concentration of hepatic PUFA compared with the
control group. Thus these results suggest that food fat acids
content exert strong influence on the tissue deposition of
fatty acids, as it was also found in other studies [49]. But not
all fatty acids follow accumulation pattern according to their
consumption, some fatty acids may originate from de novo
lipogenesis or from elongation (carbon pair insertion) and
desaturation (insertion of double bond) reaction. An example
is the palmitoleic acid (C16:1), these fatty acids do not exist
in soybean oil, but they were found in the liver of animals fed



Advances in Biochemistry 2015; 3(6): 86-95 94

with the control diet, maybe the palmitoleic acid was
synthesized from the palmitic acid (C16:0) by the
desaturation reaction [52].

Nevertheless, the experimental model used in the present
study is an efficient model to study the hepatic alterations in
non-alcoholic fat liver disease. Through the study it was
observed that the high-fat and high-protein-fat diets showed
the same effects on the lipid peroxidation, antioxidant
concentration, glucose levels and hepatic damage. Although
the steatosis features were different between the HF and HPF
groups, more studies are necessary to evaluate the effect of a
high-protein diet in the liver.
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