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Abstract
To explore the effects of physical exercise on the liver of animals in menopause, we analyzed the histomorphometric param-
eters of the hepatic tissue in ovariectomized and dyslipidemic female mice. The animals were distributed in six groups (n = 5): 
sedentary control (SC), sedentary ovariectomized control (SOC), trained ovariectomized control (TOC), sedentary LDL 
knockout (LDL-S), sedentary ovariectomized LDL knockout (LDL-SO), and trained ovariectomized LDL knockout (LDL-
TO). At the end of the experiment, the liver and the visceral adipose tissue (VAT) of animals were removed for morphometric 
and stereological studies. In the LDL-S and LDL-SO animals, both sedentary, results showed reduction in the area (µm2) 
and major and minor diameters (µm) of hepatocytes and reduction in the portions of large hepatocytes, and increase in the 
percentage of Kupffer cells. The trained group showed a tendency of increase in the area and diameter and in the percent-
age of hepatocytes, as well significant reduction in the percentage of Kupffer cells and interstitial tissue. We suggested that 
training can prevent cell and tissue damage caused by the process of increase in hepatic fat, lipoperoxidation, and tissue 
inflammation in animals with privation of estrogen and dyslipidemia, apparently reflecting a better metabolic response of 
the hepatic tissue in organisms undergoing training.
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Introduction

Dyslipidemia, characterized by an increase in triglyceride 
LDL cholesterol (LDL-c) and of lipoproteins (Lp) and a 
decrease in the level of HDL-c, is a disease that affects dif-
ferent systems in the organism, especially the renal, cardiac, 
and hepatic. In the hepatic system, dyslipidemia induces 

changes in metabolism of carbohydrates, lipids, and pro-
teins, leading to non-alcoholic fatty liver disease (NAFLD), 
also called hepatic steatosis [1]. NAFLD is characterized by 
increased concentration of intrahepatic triglycerides (IHTG), 
which may be associated with inflammation or fibrosis, 
lobular inflammation, hydropic degeneration, cirrhosis, and 
hepatocellular carcinoma [2–4]. Elevation in the quantity of 
fatty acids and other lipids in the hepatocytes can give rise 
to plasma lipid peroxidation that results in rupture of the 
cell membrane and induction of inflammatory processes [5].

Menopause, has been associated with dyslipidemia due 
to privation of the estrogen hormone and loss of its essential 
functions in the organism, such as cardiovascular protection, 
control of cholesterol levels, vasodilation, and reduction in 
oxidative stress [6, 7].

These metabolic impairments, associated with physi-
cal and psychological modifications, sedentary lifestyle, 
and poor eating habits, result in greater susceptibility to 
obesity and accumulation of fat in the abdominal region, 
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dyslipidemia, increasing the risk of development of NAFLD, 
type 2 diabetes and cardiovascular disease (CVD) [8, 9].

Physical exercise directly assists in treatment and pre-
vention of these metabolic changes. It promotes reduction 
in visceral adipose tissue and intramuscular lipids, acts in 
loss of body weight, and promotes reduction in body fat and 
improvements in the lipid and glycemic profile. It is thus 
directly associated with reduction in the amount of hepatic 
fat in patients with NAFLD [10–12].

In addition, the practice of physical exercise attenuates 
the development of hepatic fibrosis and inflammation and 
infiltration of macrophages caused by ingestion of a hyper-
lipidic diet [13].

However, little is known about the effects of the practice 
of physical exercise on the hepatic tissue of animals with pri-
vation of the hormone estrogen and under dyslipidemic con-
ditions. Thus, the aim of our study is to analyze the effects 
of moderate aerobic exercise on the hepatic tissue, using 
ovariectomized and LDLr knockout (dyslipidemic) female 
mice as an animal model.

Materials and methods

Animals and groups

Thirty female mice at 9 months of age (20–30 g) from the 
Animal House of the Universidade São Judas Tadeu were 
used. The mice were housed in cages in a location with con-
trolled temperature from 22 to 24 °C and a light/dark cycle 
of 12/12 h. All the mice were fed water and standard feed 
“ad libitum”. The animals were divided into two groups: 
15 genetically modified female mice, with knockout of the 
low-density lipoprotein receptor (LDLr Knockout), and 15 
wild female mice (C57BL/6J). The groups were divided 
at random into six groups (n = 5): sedentary non-ovariec-
tomized control (SC), sedentary ovariectomized control 
(SOC), trained ovariectomized control (TOC), sedentary 
non-ovariectomized LDLr knockout (LDLr-S), sedentary 
ovariectomized LDLr knockout (LDLr-SO), and trained 
ovariectomized LDLr knockout (LDLr-TO). This study was 
approved by the research ethics committee of the Universi-
dade São Judas Tadeu (COEP-USJT) in accordance with the 
following protocol: 058/2007.

Ovariectomy

The ovariectomy was performed at 9 months of age. The ani-
mals were anesthetized with a ketamine and xylazine solu-
tion (120:20 mg/kg, im) and placed in supine position and 
a small incision in the lower third of the abdominal region, 
parallel to the line of the body, was made. The ovaries, the 
uterine horns, and the blood vessels were located, sectioned, 

and removed. After that, the musculature and the skin were 
sutured.

Confirmation of the efficacy of the ovariectomy was 
determined through colpocytology of the vaginal secretion 
performed over 4 consecutive days. On the last day of analy-
sis, euthanasia was performed on these animals [14].

Maximal training test

A maximal training test was performed on all the groups at 
the beginning and at the end of the exercise training pro-
gram. The test consists of placing the animal to run in an 
ergometric treadmill at 0.3 km/h for 3 min, and this work-
load was increased by 0.3 km/h every 3 min until the animal 
reached exhaustion. The time of the test and the speed of the 
last workload were noted and served to determine the mean 
value of aerobic capacity of each group.

Exercise training

Exercise training began 7 days after the ovariectomy sur-
gery; the trained groups were subjected to a physical training 
protocol on an ergometric treadmill at low–moderate inten-
sity (≈ 50–70% maximal running speed) for 1 h a day, 5 days 
a week, for 4 weeks, with a gradual increase in speed from 
0.3 to 1.2 km/h. The animals were adapted to the treadmill 
for 10 min on 3 days prior to beginning the training.

Tissue preparation

After the end of the experimental protocol, the animals were 
sacrificed by decapitation. The liver and the visceral adipose 
tissue were revealed by a median incision in the abdominal 
cavity, removed, and weighed. Tissue samples were washed 
in phosphate buffered saline solution (PBS) at 0.1 M and 
pH 7.4 and fixed in 10% buffered formaldehyde solution for 
72 h. After that, they were dehydrated in increasing series 
of alcohols, cleared with xylene, embedded in paraffin, sec-
tioned at 5 microns thickness, collected on glass slides, and 
stained with hematoxylin and eosin for analysis in an optical 
microscope.

Morphometric and stereological analyses

The images of the histological sections were captured 
through a computerized digital image processing and analy-
sis system of the Morphological and Immunohistochemical 
Studies Laboratory of the Universidade São Judas Tadeu. 
The system consists of a Sony video microcamera coupled 
to a Zeiss microscope, which captures images of the histo-
logical slides and transmits them to a computer equipped 
with specific software for quantitative analyses. The image 
analysis software program Axio Vision 4.8, Zeiss, was used 
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to perform morphometric analyses and to determine the 
hepatocyte area; the results were expressed by percentage.

The Image J software (version 1.47—National Institutes 
of Health) was used to count through a grid the volume den-
sity of the structures studied, the results were expressed by 
percentage [15–19].

For analyses, 100 images/group were captured at 400× 
magnification. The following morphometric parameters were 
analyzed: area (µm2) and major and minor diameters (µm) 
of the hepatocytes, major and minor diameters (µm) of their 
nuclei, and the mean nuclear volume (MNV). The mean 
nuclear volume was calculated by: MNV = a2 × b/1.91, in 
which MNV = nuclear volume, a minor nuclear diameter, b 
major nuclear diameter, and 1.91 is a constant that is used.

The stereological parameters analyzed were density of the 
nucleus and hepatocyte volume, Kupffer cells, interstitial tis-
sues, and vessels through a 366-point test system [15]. The 
volume density has the aim of determining the relative occu-
pation of the structures in the test area, and may quantify the 
main normal and pathological adaptive modifications of the 
cell structures.

To classify the measurements of the hepatocytes we used 
as control the sedentary control group. Firstly we identified 
the hepatocyte measurements in this group, then we veri-
fied the smaller and larger sizes and divided by 3 to clas-
sify in small, médium and large. In addition, we consider 
the following measures: small 8833–13,938 µm; medium 
13,939–27,876 µm and large 27,876–41,814 µm.

Statistical analysis

The results were presented as mean and standard error of 
the mean. The one-way analysis of variance (ANOVA) and 
Tukey post-hoc tests were duly applied for analysis of the 
data. The level of significance adopted in all the tests was 
p < 0.05.

Results

Biometric and biochemical analysis

The initial body weight (IBW) and final body weight (FBW) 
and the difference between the weights (FBW − IBW) of 
the mice did not exhibit a significant difference among the 
groups.

Menopause (SOC), as well as menopause associated 
with dyslipidemia (LDLr-SO), both in sedentary organisms, 
induced an increase in the visceral adipose tissue (VAT%) 
compared to their respective controls (SC and LDLr-S). The 
trained groups exhibited consistent reduction in VAT%.

Although not statistically significant, ovariectomy (SOC) 
induced an increase in liver weight (LIV%) with a tendency 

toward reduction in the trained group (TOC). In the dyslipi-
demic animals, changes in LIV% were not found.

The animals of the control group (SC, SOC, and TOC) 
did not exhibit a significant difference in the levels of tri-
glycerides; nevertheless, ovariectomy induced a signifi-
cant increase in triglycerides in the dyslipidemic animals 
(LDLr-SO) compared to the control animals. This process 
was not reversed in the trained group (LDLr-TO). Although 
similar results were found in the very low-density lipopro-
tein (VLDL) measurements in the animals, a reduction was 
observed in the levels after training (LDLr-TO). In the cho-
lesterol measurements, the animals of the sedentary ovariec-
tomized control group (SOC) showed a significant increase 
compared to the SC group and a significant reduction in the 
trained group (TOC) compared to the SOC, LDLr-S, and 
LDLr-SO groups. In addition, a significant increase in cho-
lesterol was observed in the LDL-S group compared to the 
LDLr-TO group, as described by Veloso et al. [18].

Morphometry

None of the hepatocytes in the experimental groups exhib-
ited morphological distinction in regard to the presence of 
fat vacuoles within (Fig. 1), indicating that the animals did 
not develop non-alcoholic hepatic steatosis.

Morphometric analysis showed that in the ovariectomized 
groups (SOC and TOC) there was no significant change in 
the total area and in the major diameter of the hepatocytes 
compared to the control group (SC). However, the sedentary 
dyslipidemic groups (LDLr-S and LDLr-SO) showed a sig-
nificant reduction in the total area of the hepatocytes and in 
their major and minor diameters in comparison to the control 
groups. In addition, a reversal of this process was observed 
in the trained animals (LDLr-TO), with a tendency toward 
an increase in the total area and a significant increase in the 
major diameter compared to the LDLr-S group (Table 1). 
The training normalized the area of hepatocytes in LDLr-TO 
mice, compared to those in SC mice (Table 1), showing no 
statistically significant difference, but it supported the good 
effect of physical exercise.

The ovariectomy and the dyslipidemia associated with 
the training did not significantly change the area, major and 
minor diameter of the nucleus of hepatocytes, or the mean 
nuclear volume (MNV) parameters (Table 2). The training 
normalized the area of hepatocytes in LDLr-TO mice, com-
pared to those in SC mice (Table 1), showing no statistically 
significant difference, but it can suggested the good effect of 
physical exercise.

Ovariectomy (SOC) induced reduction in the frequency 
of large hepatocytes and reduction in the mean diameter of 
the hepatocytes. Exercise (TOC) reversed this process com-
pared to the control (SC) (Fig. 1). In the dyslipidemic ani-
mals (LDLr-S and LDLr-SO), ovariectomy led to an increase 
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in the frequency of small hepatocytes and reduction in the 
frequency of large ones, and exercise (LDLr-TO) reversed 
this tendency, nearing the values of the non-dyslipidemic 
control group (TOC) (Fig. 2).

Stereological analysis

In the sedentary groups, ovariectomy (SOC) and ova-
riectomy associated with dyslipidemia (LDLr-SO) sig-
nificantly increased the volume density of the Kupffer 
cells (Vv[kup]) in the hepatic tissue, especially in the 
LDLr-SO group compared to the controls (SC and LDLr-
S). In contrast, training reversed this process, both in the 
ovariectomized group (TOC) and in the ovariectomized 
dyslipidemic group (LDLr-TO) (Table 3). The volume of 
hepatocytes (Vv[hep]) did not show significant change in 
the animals of the ovariectomized group (SOC and TOC). 
However, the mice of the trained dyslipidemic group 
(LDLr-TO) had a significant increase in the percentage of 
hepatocytes. The blood vessel volume (Vv[ves]) did not 
change among the groups evaluated. Ovariectomy did not 
change the volume of interstitial tissue (Vv[int]). However, 
in the dyslipidemic groups (LDLr-SO and LDLr-TO), an 
expressive reduction in the quantity of interstitial tissue 
was found compared to the control group (Table 3).

The analysis of the liver weight, at the end of the exper-
iment, verified that the LDLr-S group presented a lower 
liver weight statistically different from the animals of the 
group SOC (Fig. 3).

Fig. 1   Photomicrographs of the overall appearance of the hepatic 
structures revealed by the hematoxylin and eosin (HE) technique. 20× 
magnification. Groups: sedentary non-ovariectomized control (SC), 
sedentary ovariectomized control (SOC), trained ovariectomized con-

trol (TOC), sedentary non-ovariectomized LDLr knockout (LDLr-S), 
sedentary ovariectomized LDLr knockout (LDLr-SO), and trained 
ovariectomized LDLr knockout (LDLr-TO)

Table 1   Area, major and minor diameter of hepatocytes

Representative data from area major and minor diameter of hepato-
cytes of sedentary non-ovariectomized control (SC), sedentary ova-
riectomized control (SOC), trained ovariectomized control (TOC), 
sedentary non-ovariectomized LDLr knockout (LDL-S), sedentary 
ovariectomized LDLr knockout (LDL-SO), and trained ovariecto-
mized LDLr knockout (LDL-TO) groups. Diam hep > (lower diam-
eter of hepatocyte), Diam hep < (larger diameter of hepatocyte). Val-
ues expressed by mean ± SEM
*p < 0.05 vs SC
# p < 0.05 vs SOC
+ p < 0.05 vs TOC
a p < 0.05 vs LDLr-S
b p < 0.05 vs LDLr-SO

Area (µm2) Diam hep > (µm) Diam hep < (µm)

SC 21,238 ± 1069 208.9 ± 8.2 151.6 ± 3.4
SOC 19,947 ± 790 194.9 ± 5.2 155.7 ± 3.9
TOC 22,178 ± 938.3 203.4 ± 5.1 168.3 ± 3.8*
LDLr-S 17,209 ± 928*,+ 181.05 ± 6.5* 145.1 ± 4.2+

LDLr-SO 16,457 ± 652*,#,+ 174.73 ± 4.2*,+ 142. 2 ± 3.6+

LDLr-TO 19076 ± 787.8 190.1 ± 5*,#,+,a 152.6 ± 4.1+
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Discussion

In this study, we evaluated the histomorphometric effects of 
physical exercise on the hepatic tissue of mice with privation 
of estrogens from ovariectomy and with dyslipidemia due 
to knockout in the LDL lipoprotein receptor. In addition, 
the dyslipidemia caused morphological changes and training 
was able to reverse these effects.

In physiological conditions, estrogen plays pivotal bio-
logical roles including hepatic homeostasis. However, 
when occurs an alteration of metabolic function, either in 
adipocytes or during menopause, there are a lipid overflow, 
accumulation of fat in major organs, suppression of glucose 
disposal, increased lipogenesis and decreased lipolysis [20].

The state of deficiency in estrogens and a sedentary life-
style have repeatedly been related to accumulation of fat in 
the liver, which is one more indication that metabolism of 
fat is modified by the absence of estrogens [21]. Increased 
fat in the liver can give rise to non-alcoholic fatty liver dis-
ease (NAFLD), characterized by various histopathological 
changes that range from benign steatosis, with accumulation 

Table 2   Area, major, minor 
and medium diameter of the 
hepatocyte nucleus and medium 
nuclear volume (MNV)

Values of area; Diam hep  <  nu (lower diameter of nuclei hepatocyte), Diam hep  >  nu (larger diameter 
of nuclei hepatocyte) and medium nuclear volume (MNV) of sedentary non-ovariectomized control (SC), 
sedentary ovariectomized control (SOC), trained ovariectomized control (TOC), sedentary non-ovariecto-
mized LDLr knockout (LDLr-S), sedentary ovariectomized LDLr knockout (LDLr-SO), and trained ova-
riectomized LDLr knockout (LDLr-TO) groups

Area (µm²) Diam > nu (µm) Diam < nu (µm) MNV

SC 2745.8 ± 103.6 61.8 ± 1.2 56.86 ± 1.4 109,747 ± 6430
SOC 2842.1 ± 118.6 62.3 ± 1.3 57.5 ± 1.3 114,787 ± 7547
TOC 2947.8 ± 114.6 64.2 ± 1.2 58.4 ± 1.2 121,247 ± 7479
LDLr-S 2836.9 ± 122.3 63.6 ± 1.5 57.3 ± 1.8 93,114 ± 6911
LDLr-SO 2741.8 ± 120 62.0 ± 1.3 56. 5 ± 1.3 111,344 ± 7521
LDLr-TO 2832.6 ± 95.2 65.0 ± 1.3 59.6 ± 1.2 127,390 ± 7465

Fig. 2   Histogram of the hepatocyte area. Groups: sedentary non-ova-
riectomized control (SC), sedentary ovariectomized control (COS), 
trained ovariectomized control (TOC), sedentary non-ovariectomized 
LDLr knockout (LDLr-S), sedentary ovariectomized LDLr knockout 
(LDLr-SO), and trained ovariectomized LDLr knockout (LDLr-TO). 
Small %, Med %, Large % among the groups

Table 3   Volume density of 
Kupffer cells (Vv [kup]), 
hepatocytes (Vv [hep]), vessels 
(Vv [vas]), and interstitium (Vv 
[int])

Representative data from Volume density of Kupffer cells (Vv [kup]), hepatocytes (Vv [hep]), vessels (Vv 
[ves]), and interstitium (Vv [int]) of sedentary non-ovariectomized control (SC), sedentary ovariectomized 
control (SOC), trained ovariectomized control (TOC), sedentary non-ovariectomized LDLr knockout 
(LDLr-S), sedentary ovariectomized LDLr knockout (LDLr-SO), and trained ovariectomized LDLr knock-
out (LDLr-TO). Values expressed by mean ± SEM
* p < 0.05 vs SC
# p < 0.05 vs SOC
+ p < 0.05 vs TOC
a p<0.05 vs LDLr-S
b p<0.05 vs LDLr-SO

SC SOC TOC LDLr-S LDLr-SO LDLr-TO

Vv[kup]% 1.2 ± 0.09 2.1 ± 0.1* 1.3 ± 0.1# 0.9 ± 0.2# 3.5 ± 0.2*,#,+,a 1.9 ± 0.1*,+,a,b

Vv[hep]% 73 ± 1.4 75.6 ± 1.2 73.1 ± 1.2 74.8 ± 2 78.6 ± 0.9 81.5 ± 0.8*,#,+,a,b

Vv[ves]% 4.4 ± 0.8 3.2 ± 0.5 2.8 ± 0.4 4.1 ± 0.9 3.4 ± 0.5 3.8 ± 0.6
Vv[int]% 20.9 ± 1.1 18.5 ± 0.9 22.4 ± 1.2# 20.2 ± 1.3 14.6 ± 0.8*,#,+ 12.9 ± 0.6*,#,+,a
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of triglycerides in the hepatic tissue, to severe changes called 
non-alcoholic steatohepatitis (NASH) [22].

The trained group showed a tendency toward reduction; 
it may be possible to confirm this from an increase in the 
training time of the animals. The other groups did not exhibit 
a significant change in liver weight.

Our findings showed that dyslipidemia (LDL-S) and 
ovariectomy associated with dyslipidemia (LDLr-SO) in 
sedentary animals lead to reduction in the area and in the 
major and minor diameters of the hepatocytes. The non-
dyslipidemic animals showed less variation in these param-
eters, indicating that dyslipidemia may be an important 
factor related to reduction in the size of hepatocytes. We 
suggested that these findings may be related to lipid peroxi-
dation and oxidative stress of the hepatic cells in these ova-
riectomized, dyslipidemic, and sedentary animals, in which 
there is cell death and replication of mature hepatocytes, 
leading to expansion of progenitor cells called oval cells 
[23]. We know that we had a limitation in this study without 
data about oxidative or inflammatory profile, it is possible 
that this data could respond more deeply to our hypotheses.

We believe that these factors are related to reduction in 
the hepatocytes, with reduction in the total area of young 
cells. The expansion of oval cells is strongly related to the 
degree of fibrosis and to hepatocellular carcinogenesis, con-
sidered a malignant evolution of hepatic steatosis. In con-
trast, physical exercise resulted in a tendency to reverse the 
process of reduction of the hepatocytes, with an expressive 
increase in the area and diameters in the groups that per-
formed physical exercise (TOC and LDLr-TO), indicating 
that training may be associated with improvement in the 
physiology and adaptation of the hepatocytes to the effects 
of lipid peroxidation.

In addition, a reduction was observed in the percentage 
of large hepatocytes in the animals of the sedentary ova-
riectomized and dyslipidemic groups (SOC and LDLr-SO), 
resulting in lower mean diameter, especially in the LDLr-
SO group, in which a clear increase in the number of small 
hepatocytes was observed (Fig. 1). These results are in 
agreement with what was observed in analysis of the area 
and diameters (major and minor) of the hepatocytes in the 
animals of these two groups. In the two trained groups (TOC 
and LDLr-TO), there was an increase in the frequency of the 
large hepatocytes, with an expressive increase in the mean 
diameter of the TOC group compared to the control group.

The increase in hepatic fat in the organism can result in 
the generation of intracellular lipid droplets with macrove-
sicular or microvesicular appearance and increase in cell 
volume and area, in a process characteristic of hepatic stea-
tosis. The presence of fat vesicles was not observed in any 
group in histological analysis, indicating that ovariectomy 
alone or associated with dyslipidemia are not able to induce 
hepatic steatosis. Studies have shown that, in addition to 
physical activity, diet plays an important role in regulation of 
hepatic fat [24]. Thus, the increase in area in the hepatocytes 
of the animals that underwent training is not related to the 
presence of fat vesicles and to the development of hepatic 
steatosis (Fig. 1).

We observed an increase in the percentage of Kupffer 
cells in the hepatic tissue of the ovariectomized control 
(SOC) and ovariectomized dyslipidemic (LDLr-SO) ani-
mals. The trained groups showed clear reduction in these 
values, even though the LDLr-TO group still exhibited a 
discrete increase in the percentage of Kupffer cells (Table 3). 
An increase in free fatty acids in the hepatic tissue triggers 
inflammation by activation of the NF-κβ pathways, which 
is associated with a rise in the expression of inflammatory 
cytokines, such as TNF-α, IL-6, interleukin 1-beta (IL-1β), 
which results in activation and proliferation of the Kupffer 
cells [25–27]. These high cytokine serum levels are corre-
lated with histological severity [28], and also promote resist-
ance to insulin [29].

In situations of hepatic injury, there is a repair mechanism 
through replication of mature hepatocytes [30]. However, 
when the injury in continuous, there is reduction in the abil-
ity of proliferation of these hepatocytes. The increase found 
in the percentage of hepatocytes in the group of trained 
dyslipidemic animals (LDLr-TO) may be related to reduce 
the hepatic injury in the animals that underwent physical 
training. This indicates improvement in the physiological 
activity of the hepatic tissue and reduction in the inflam-
matory process. This change in the number of cells of the 
hepatic tissue was not reflected in an increase in the fraction 
of blood vessels in the groups analyzed, once more suggest-
ing tissue stability.

Fig. 3   Values of liver weight at the end of the experiment of the 
groups, sedentary non-ovariectomized control (SC), sedentary ova-
riectomized control (COS), trained ovariectomized control (TOC), 
sedentary non-ovariectomized LDLr knockout (LDLr-S), sedentary 
ovariectomized LDLr knockout (LDLr-SO), and trained ovariec-
tomized LDLr knockout (LDLr-TO). Data expressed by mean ± SD, 
&p < 0.05, LDLr-S vs COS, ANOVA test
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We observed that both ovariectomy alone and associated 
with dyslipidemia results in an increase in visceral fat and 
levels of plasma fat, as well as reduction in the area of the 
hepatocytes and in the number of large hepatocytes. The 
results clearly showed that physical training is responsi-
ble for reversing this process, increasing the percentage of 
hepatocytes and their area, as well as increasing the percent-
age of large hepatocytes. Training also led to a reduction the 
percentage of Kupffer immunological cells and an increase 
in the portion of interstitial tissue.

Conclusion

Taken together, we suggest that these modifications result 
from improvement in metabolic and physiological activi-
ties promoted by physical exercise in the ovariectomized 
and dyslipidemic animals. These changes may be related to 
better adaptation of the organism and of the liver to metabo-
lism of lipids. However, the possible influence of adaptive 
mechanisms to inflammation, that may be present in this 
experimental condition, can not be ruled out. In fact, further 
studies are needed to confirm this hypothesis.
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