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Abstract
Cardiovascular morbidity and mortality of premenopausal
women are significantly lower compared to men of similar age.
However, this protective effect evidently decreases after the onset
of menopause. We hypothesized that physical exercise could be a
potential therapeutic strategy to improve inflammatory processes
and cardiovascular antioxidant homeostasis, which can be affected by the loss of estrogen and the adverse environmental factors, such as overnutrition. Ovariectomized (OVX, n= 40) and
sham-operated (SO, n= 40) female Wistar rats were randomized
to exercising (R) and non-exercising (NR) groups. Feeding parameters were chosen to make a standard chow (CTRL) or a high
triglyceride diet (HT) for 12 weeks. Aortic and cardiac heme oxygenase (HO) activity and HO-1 concentrations significantly decreased in all of the NR OVX and SO HT groups. However, the
12-week physical exercise was found to improve HO-1 values.
Plasma IL-6 concentrations were higher in the NR OVX animals
and rats fed HT diet compared to SO CTRL rats. TNF-α concentrations were significantly higher in the NR OVX groups. 12
weeks of exercise significantly reduced the concentrations of both
TNF-α and IL-6 compared to the NR counterparts. The activity
of myeloperoxidase enzyme (MPO) was significantly increased
as a result of OVX and HT diet, however voluntary wheel-running exercise restored the elevated values. Our results show that
estrogen deficiency and HT diet caused a significant decrease in
the activity and concentration of HO enzyme, as well as the concentrations of TNF-α, IL-6, and the activity of MPO. However,
12 weeks of voluntary wheel-running exercise is a potential nonpharmacological therapy to ameliorate these disturbances, which
determine the life expectancy of postmenopausal women.
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Introduction
A growing body of evidence demonstrates that cardiovascular disease risk increases after the onset of menopause,
which may related to metabolic and hormonal changes
(Posa et al., 2015a; Rosano et al., 2007). While estrogen
plays a fundamental role in antioxidant and anti-inflammatory mechanisms and positively regulates lipid and glucose
metabolisms (Chakrabarti et al., 2008; Mauvais-Jarvis et
al., 2013), postmenopausal women more likely tend to develop obesity, inflammation and oxidative stress (Posa et
al., 2015a). Body fat accumulation causes low-grade

chronic inflammation by enhancing the production of proinflammatory cytokines such as tumour necrosis factor alpha (TNF-α), interleukin-6 (IL-6), and IL-1 (Monteiro and
Azevedo, 2010). This obesity-related inflammatory state
can be associated with disruption of oxidant/antioxidant
homeostasis and enhancement of oxidative stress. Furthermore, obesity could decrease the expression and activity of
key cytoprotective systems, including heme oxygenase
(HO) (Ndisang, 2010). HO is a rate-limiting enzyme responsible for the catabolism of heme into carbon monoxide
(CO), ferrous iron, and biliverdin, which converted to bilirubin. CO and biliverdin/bilirubin metabolites have important functions in the cardiovascular system (Wu et al.,
2011). CO can confer modulatory effects on blood vessels
and causes vasodilatation. In addition, its antiapoptotic and
anti-inflammatory actions are also significant (De Leon et
al., 2003). Bilirubin is a powerful antioxidant by scavenging oxidants and inhibiting the production of superoxide
anion. These effects verify that HO and its metabolites are
key targets during chronic diseases and its modulation
could influence the obesity and inflammation-related conditions.
Though, estrogen deficiency in itself increases
overweight and obesity in postmenopausal women, many
genetic as well as environmental/ behavioural effects (e.g.
lifestyle, nutrition, and smoking) can further determine the
pathophysiology of body fat accumulation. Postmenopausal women spend the third of their lives in estrogen-depleted state, therefore the management of obesity and obesity-related comorbidities has important health significance in the 21th century.
Cumulative evidence of studies indicates that physical activity plays an important role in weight management,
reduces the risk of developing metabolic syndrome and
seems to be an important component of cardiovascular diseases (CVD) prevention. In our earlier study we proved
that 12 weeks of voluntary physical exercise is a potential
therapeutic strategy to improve the metabolic parameters
in ovariectomized female rats fed with high-triglyceride
diet (Posa et al., 2015c). Beside metabolic homeostasis, the
inflammatory state and oxidant/antioxidant homeostasis
plays a pivotal role in the life expectancy of postmenopausal women.
To understand the effects of detrimental environmental factors, such as high-triglyceride diet and sedentary
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lifestyle and the potential preventive role of physical exercise on antioxidant and inflammatory status during menopause, HO enzyme system and inflammatory parameters,
such as TNF-α, IL-6 and myeloperoxidase enzyme were
determined in this current study.

Methods
Animals and experimental design
All experimental procedures were performed in accordance with the standards of the European Community guidelines on the care and use of laboratory animals and had
been approved by the Institutional Ethics Committee
(XX.4802/2015).
Ten-week-old female Wistar rats were divided into
two groups and were subjected to sham-operation (SO
group) or bilateral ovariectomy (OVX group) under anesthesia (Figure1). A bilateral muscle wall incision was made
and both the ovaries and the fallopian tubes were visualized. In the OVX group ovaries were bilaterally removed
and the uterine horns were tied, while the uterus was left
intact. The abdominal wall was sutured. In the control
group the abdominal wall was opened, but the ovaries were
not removed and uterine horns were not tied. After a 4week recovery period serum levels of estrogen were measured using a quantitative enzyme-linked immunosorbent
assay (Quantikine rat Estrogen Elisa kit, R&D Systems
Inc.) according to the manufacturer's directions to verify
estrogen deficiency (Madhu, 2010).
At the end of week 4, both OVX and SO rats were
randomly subdivided into two subgroups that would differ
in the amount of regular daily activity and in diet for the
next 12 weeks (Figure 1). The exercising (running) subgroups of rats (R) were placed in cages mounted with running wheels. Training was defined as a voluntary wheelrunning model, allowing free access to wheel for 24 h per
day for 12 weeks, i.e. physical activity (running) was an
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inherent part of the animals’ daily routine (Posa et al.,
2015b). Indeed, we have previously demonstrated that the
average running distance for rats placed in cages mounted
with running wheels highly exceeds that for the control
group placed in standard holding cages during the exercising period (Posa et al., 2015b). The animals in both groups
were maintained on either standard (CTRL) or high triglyceride (HT, 40% fat content) chow and had free access to
water (Posa et al., 2015c). At the end of the 12-week exercising period the animals were killed. Blood (plasma) and
tissue (aorta and heart) samples were frozen for further
analysis. Body weight of each rat was followed during the
12-week training/feeding period.
Measurement of heme-oxygenase activity within the
aorta and the heart
Heme-oxygenase activity was measured by spectrophotometric assay. Cardiac and aortic tissues of approximately
50 mg were homogenized (Ultra-turrax, T25; 13,500 rpm
twice for 20 s) in a mixture of 10 mM N-(2- hydroxyethyl)piperazine-N′-(2-ethanesulfonic acid) (HEPES), 32 mM
sucrose, 1 mM DTT, 0.1 mM EDTA, 10 μg/mL soybean
trypsin inhibitor, 10 μg/mL leupeptin and 2 ug/mL aprotinin; pH: 7.4. The supernatants were centrifuged for 20
min at 15,000g at 4°C. The reaction mixture prepared for
the measurement of HO activity contained the following
compounds in a final volume of 1.5 mL: 2 mM glucose 6phosphate, 0.14 U/mL glucose-6-phosphate dehydrogenase, 15 μM heme, 150 μM β-NADPH, 120 μg/mL rat liver
cytosol as a source of biliverdin reductase, 2 mM MgCl2,
100 mM potassium phosphate buffer and 150 μL of the supernatant. The standard incubation mixture was kept at
37°C for 60 min in dark. The reaction was terminated by
placing the samples on ice. Optical density was measured
at 460 and 530 nm wave length. Protein content was assayed spectrophotometrically (Bio-Rad, Protein Assay).
HO activity was expressed as bilirubin formed per hour per
mg protein (Posa et al., 2015a).

Figure 1. Experimental design of the study. SO = sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride.

582

Exercise, inflammation and antioxidant homeostasis in menopause

A

B

C

Figure 2. Development of body weight of animals during the 12-week training/feeding period (A; high-triglyceride, B; ovariectomized, C; running) . The thick dotted lines show the fitted straight lines, while the thin dotted curves represent their 95% confidence bands. SO =
sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride, NR= non-running, R=running.

Measurement of aortic and cardiac HO-1, plasma IL-6
and TNF-α concentrations
Tissue levels of HO-1, and plasma TNF-α and IL-6 concentrations were detected by using enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s instructions (SunRedBio rat HO-1, SunRedBio
rat IL-6 and SunRedBio rat TNF-α Elisa kits). Concentrations were expressed as ng/mg protein (HO-1) pg/ml protein (IL-6) and ng/ml protein (TNF-α). Optical density was
measured at 450 nm (Benchmark Microplate reader; BioRad) (Posa et al., 2015a).
Aorta and heart myeloperoxidase activity
Aortic and cardiac tissue samples were homogenized (Ultra Turrax, T25, twice for 30 s, 13 500 r.p.m.) in ice-cold
phosphate buffer (50 mM, pH: 6.0), and subjected to 3
freeze/thaw cycles. The homogenate was centrifuged (at
15 000g for 15 min at 4°C) and the supernatant (12 μL) was
mixed with 280 μL of phosphate buffer (50 mM, pH: 6)
containing 0.167 mg/mL of O-dianisidine dihydrochloride.
Next 10 μL of 0.03% hydrogen peroxide was added to the
mixture to start the enzymatic (myeloperoxidase) reaction.
Myeloperoxidase activity was assayed spectrophotometrically at 490 nm after 90 s of shaking (Benchmark Micro-

plate reader; Bio-Rad, Budapest, Hungary). MPO activity
was expressed as nmol/mg protein (Whittle et al., 2008).
Statistical analysis
Normality of data sets was verified with Shapiro-Wilk test.
Data of the eight experimental groups (for each biological
variable investigated) were compared using one-way
ANOVA (with Geisser-Greenhouse correction) followed
by Tukey post-testing. The influence of combinations of
the three treatments on the biological variables was investigated with two-way ANOVA followed by Tukey posttesting. Alterations in body weight were compared using
linear regression supplemented with an F test. For this
model comparison, data of the eight experimental groups
were rearranged into three group sets (each of them consisting of two rearranged groups according to one of the
three treatments). P values less than 0.05 were considered
as significant. All data are presented as mean ± SEM.
The interaction between all combinations of two
treatments (operation and diet; diet and exercise; operation
and exercise) were analyzed by two-way ANOVA with
Tukey post-testing. P values less than 0.05 were considered
as significant.
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Results
Serum estrogen level
Serum estrogen levels were detected after a 4-week recovery period following SO and OVX surgery. We found that
OVX significantly reduce the levels of estrogen as compared to SO animals (SO: 387.38 ± 41.31 pg/ ml vs. OVX:
144.0 ± 8.93 pg/ ml).
Body weight
At the end of the 12-week training/feeding period, significant differences were found between the following groups:
OVX CTRL R vs. SO HT R (p = 0.0346), OVX HT R vs.
SO HT R (p = 0.0009), OVX HT R vs. SO HT NR (p =
0.0023), OVX HT NR vs. SO HT R (p=0.0083), and OVX
HT NR vs. SO HT NR (p = 0.0217). Among the three treatments (diet, operation and exercise), operation (i.e. the estrogen status) exerted a significant effect on the development of body weight (Figure 2).
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Measurement of aortic HO-1 concentration provided results consistent with those yielded by the assessment of aortic HO activity (Figure 4), although interactions
between the different treatments did not reach the level of
statistical significance (Table 1).
Table 1. The effect of combination of three treatments (operation, diet and exercise) on some enzymes in the rat aorta (according to two-way ANOVA).
Variables
Groups
p<
operation and diet
0.0988
diet and exercise
0.5431
HO-1 expression
operation and exercise
0.1438
operation and diet
0.0001
diet and exercise
0.8229
HO activity
operation and exercise
0.0203
operation and diet
0.0617
diet and exercise
0.0011
MPO activity
operation and exercise
0.0049

Aortic heme oxygenase activity and HO-1 concentration
As compared to the SO CTRL NR group (served as an “absolute” control), both HT diet and estrogen deficiency
caused by ovariectomy (OVX) markedly decreased the
aortic HO activity, while the 12-week physical exercise
(running: R) did not exert a significant effect on it. However, physical exercise significantly improved the aortic
HO activity, which were diminished by HT diet and/or
ovariectomy (Figure 3). Overall, all the three treatments
(diet, operation and exercise) significantly affected HO activity, moreover there was a significant interaction between
operation and diet as well as operation and exercise (Table
1).
Figure 4. Effects of 12-week physical exercise and high triglyceride diet on HO-1 concentration in the aorta. Changes in
HO-1 concentration (expressed as ng/mg protein) are expressed as means
± SEM (n = 6-9). Statistical significance: ○○○○ p < 0.0001 as compared
to SO CTRL NR group and , #### p < 0.0001 a significant difference
between non-running (NR) and running (R) animals. SO = sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride, NR= non-running, R = running

Figure 3. Effects of 12-week physical exercise and high triglyceride diet on heme oxygenase activity in the aorta. Changes
in HO-1 activity (expressed as nmol/h/mg protein) are expressed as means
± SEM (n = 8-9). Statistical significance: ○○○○ p < 0.0001 as compared
to SO CTRL NR group and # p < 0.05, #### p < 0.0001 a significant
difference between non-running (NR) and running (R) animals. SO =
sham-operated, OVX = ovariectomized, CTRL= standard chow, HT =
high-triglyceride, NR= non-running, R = running.

Cardiac HO activity and HO-1 concentration
As seen in the aortic tissue, both HT diet and ovariectomy
significantly lowered the cardiac HO activity and HO-1 expression as compared to the SO CTRL NR group, while
physical exercise ameliorated the decreased values of these
parameters in a significant manner. In contrast to aorta,
however, physical exercise could significantly increase the
cardiac HO activity and HO-1 expression under control
(SO CTRL) conditions as well (Figure 5 and 6). All the
three treatments significantly influenced the HO homeostasis, and there was a significant interaction between operation and diet (Table 2).
Plasma IL-6 concentration
Assessment of the pro-inflammatory cytokine IL-6 clearly
demonstrated that both HT diet and estrogen loss elicited
by ovariectomy significantly increased plasma IL-6 levels.
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At the same time, the 12-week physical exercise was capable of significantly reduce the IL-6 levels elevated by HT
diet and ovariectomy, whereas it did not affect the control
(SO CTRL) IL-6 levels in a significant manner (Figure 7).
All the three treatments significantly influenced the plasma
IL-6 concentration without any significant interaction
among them (Table 3).
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significantly reduced TNF-α levels, even under control
(SO CTRL) conditions. The most notable change was that
HT diet combined with ovariectomy produced especially
high TNF-α levels (Figure 8). Accordingly, operation and
exercise (but not diet) significantly affected the plasmaTNF-α concentration with a significant interaction between them (Table 3)

Table 2. The effect of combination of three treatments (operation, diet and exercise) on some enzymes in the rat heart (according to two-way ANOVA).
Variables
Groups
p<
operation and diet
0.0040
0.5589
HO-1 expression diet and exercise
operation and exercise
0.5046
operation and diet
0.0002
diet and exercise
0.0604
HO activity
operation and exercise
0.1918
operation and diet
0.5206
diet and exercise
MPO activity
0.0122
operation and exercise
0.0001

Figure 6. Effects of 12-week physical exercise and high triglyceride diet on cardiac HO-1 concentrations. Changes in HO1 concentration (expressed as ng/mg protein) are expressed as mean ±
SEM (n = 6-11). Statistical significance: ○○ p < 0.01 as compared to SO
CTRL NR group and ## p < 0.01, # p < 0.05 a significant difference
between non-running (NR) and running (R) animals. SO = sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride, NR= non-running, R = running.

Figure 5. Effects of 12-week physical exercise and high triglyceride diet on cardiac HO activity. Changes in HO activity (expressed as nmol/h/mg protein) are expressed as means ± SEM (n = 6-9).
Statistical significance: ○○○○ p < 0.0001 as compared to SO CTRL NR
group and #### p < 0.0001 a significant difference between non-running
(NR) and running (R) animals. SO = sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride, NR= non-running, R = running.

Table 3. The effect of combination of three treatments (operation, diet and exercise) on plasma concentrations of some cytokines (according to two-way ANOVA).
Variables
Groups
p<
operation and diet
0.1698
diet and exercise
0.5815
IL-6
operation and exercise
0.2785
operation and diet
0.1599
diet and exercise
0.5421
TNF-α
operation and exercise
0.0001

means ± SEM (n = 6-11). Statistical significance: ○○○○ p < 0.0001 as
compared to SO CTRL NR group and #### p < 0.0001 a significant difference between non-running (NR) and running (R) animals. SO = shamoperated, OVX = ovariectomized, CTRL = standard chow, HT = hightriglyceride, NR= non-running, R= running.

Plasma TNF-α concentration
Interestingly, HT diet alone did not influence the plasma
TNF-α concentration. In contrast, ovariectomy markedly
elevated the plasma TNF-α levels, but only among the nonrunning (NR) animals. In addition to this, physical exercise

Aortic and cardiac MPO activity
Aortic and cardiac MPO activities are presented in Figure
9 and Figure 10. As compared to the SO CTRL NR group,
both HT diet and ovariectomy (but not physical exercise)
increased the aortic as well as cardiac MPO activity in a

Figure 7. Effects of 12-week physical exercise and high triglyceride diet on plasma IL-6 levels (pg/ml plasma). Values are
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significant manner. Similarly to the results concerning
plasma IL-6 and TNF-α, physical exercise decreased aortic
and cardiac MPO activities elevated by HT diet and/or
ovariectomy. All the three treatments significantly affected
the activity of MPO (although the outcome of two-way
ANOVA was somewhat uncertain for the diet in the heart,
see: Table 2). There was a significant interaction between
diet and exercise as well as operation and exercise in both
the aorta and heart (Table 1 and 2).

Figure 8. Effects of 12-week physical exercise and high triglyceride diet on plasma TNF-α levels (ng/ml plasma). Values
are means ± SEM (n = 7-9). Statistical significance: ○○○○ p < 0.0001 as
compared to SO CTRL NR group and #### p < 0.0001, ### p < 0.001, ##
p < 0.01 a significant difference between non-running (NR) and running
(R) animals. SO = sham-operated, OVX = ovariectomized, CTRL =
standard chow, HT = high-triglyceride, NR= non-running, R = running.

Figure 9. Effects of 12-week physical exercise and high triglyceride diet on aortic MPO activity (expressed as nmol/mg
protein). Values are means ± SEM (n = 6-8). Statistical significance:
○○○○ p < 0.0001 as compared to SO CTRL NR group and a #### p <
0.0001, # p < 0.05 significant difference between non-running (NR) and
running (R) animals. SO = sham-operated, OVX = ovariectomized, CTRL
= standard chow, HT = high-triglyceride, NR= non-running, R = running.

Discussion
Overweight and obesity in postmenopausal women are important public health concerns. Excessive fat accumulation
is predictive of metabolic disorders, including insulin resistance, dyslipidemia, and non-alcoholic fatty liver dis-
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ease (Posa et al., 2015c). Furthermore, obesity in menopausal women is closely associated with oxidative stress,
which can be further deteriorated by chronic overnutrition.
In our study, we investigated the underlying mechanisms
among obesity, antioxidant/oxidant status and inflammatory processes in ovariectomized rats fed high-triglyceride
diet. Moreover, we would like to clear the effects of voluntary physical exercise on these processes.

Figure 10. Effects of 12-week physical exercise and high triglyceride diet on cardiac MPO activity (expressed as nmol/mg
protein). Values are means ±S.E.M (n = 6-8). Statistical significance:
○○○○ p < 0.0001, ○○ p < 0.01 as compared to SO CTRL NR group and
#### p < 0.0001, ### p < 0.001 a significant difference between non-running (NR) and running (R) animals. SO = sham-operated, OVX = ovariectomized, CTRL = standard chow, HT = high-triglyceride, NR= nonrunning, R = running.

The increase in oxidative stress and its impact in estrogen-deficient state are well established. While estrogen
protects the cells against oxidative damage, and induces
antioxidant mechanism, the loss of estrogen promotes superoxide production. Estrogen withdrawal in itself and associated with obesity decreases the activity and expression
of HO enzyme (Posa et al., 2015a). Our results clearly
show, that HO enzyme activity and HO-1 concentration are
significantly decreased in ovariectomized and HF fed rats.
Several studies have demonstrated that obesity and overnutrition elevate the levels of reactive oxygen species and
decrease the expression and activity of HO-1 (Kruger et al.,
2006; Nicolai et al., 2009). Abraham and Kappas (2008)
summarized the changes in HO enzyme system during obesity and diabetes. Adiposity is correlated with insulin resistance and high blood glucose level, which can increase
the level of cellular heme as a result of a decrease in HO
activity. This perturbation in heme metabolism influences
the effects of the HO metabolites CO and bilirubin. Previously, we verified that reduction in the activity and expression of HO enzyme is closely associated with inflammatory
processes (Posa et al., 2015a), which can be further elevated by increasing fat accumulation. Epidemiological
studies proved that visceral adiposity plays a key role in the
pathogenesis of obesity-related cardiometabolic complications and it is linked to the incessant activation of a wide
variety of inflammatory mediators (Karalis et al., 2009;
Mathieu et al., 2010; Scazzocchio et al., 2009). Ndisang
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(2010) concluded that resident macrophages in visceral adipose tissue generate higher levels of proinflammatory cytokines like TNF-α and IL-6, but reduce the levels of the
ant-inflammatory adiponectin. These signalling mechanisms verify a close relation among the HO system, obesity
and inflammation. In accordance with the study of Hosick
and Steck, we also found that HO is a main target of obesity, which is associated with a state of low-grade inflammation (Hosick and Stec, 2012). Our results show, that estrogen depletion significantly increased the level of both
IL-6 and TNF-α in the plasma. In addition, ovariectomized
rats fed with HT diet exhibited the highest level of pro-inflammatory cytokines. Overnutrition-induced chronic
stress disrupts the balance between metabolic and immune
functions and can promote type 2 diabetes mellitus, metabolic syndrome, and cardiovascular disorders (Holvoet,
2012). Kim et al. (2007) demonstrated that nuclear transcription factor kappa B (NFκB) activated by TNF-α translocates to the nucleus, where activates downstream inflammatory signalling mechanisms such as COX-2. This is a
possible mechanism for obesity-induced vascular dysfunction. Similarly to our results, Ludgero-Correia et al. (2012)
found that removal of ovarian hormones increases the susceptibility to obesity, however ovariectomy associated to
HF diet led to significant increase in the level of TNF-α
and IL-6. Numerous studies verified that MPO enzyme is
an early biomarker of inflammation and cardiovascular
risk. MPO is involved in cellular homeostasis and plays a
role in the initiation and progression of inflammation and
CVD (Loria et al., 2008; Olza et al., 2012). As expected,
estrogen deprivation and HT diet significantly elevated the
activity of MPO enzyme in both the aorta and cardiac tissue. The loss of estrogen and overnutrition-induced
changes in HO enzyme system and inflammatory processes
emphasize the significance of therapeutic strategies. Several studies demonstrated that HO-1 induction reduces adipose tissue volume and improves the cardiometabolic risk
factors (Vanella et al., 2010). Abraham et al. (2004) found
that upregulation of HO-1, in association with increased
levels of adiponectin, prevented cardiac dysfunction in
spontaneously hypertensive rats (SHR) fed with HF diet.
In our previous studies, we demonstrated that voluntary
physical exercise is a potential non-pharmacological treatment in the improvement of metabolic parameters (Posa et
al., 2015c) and it can minimize the ischemia/reperfusion
injury (Szabo et al., 2018). Numerous studies have confirmed that regular physical exercise plays an important
role to reduce weight gain, and to improve vascular function, which is related to a decrease in pro-inflammatory cytokines (Baynard et al., 2012). Linden et al. (2014) investigated the effects of moderate exercise training on inflammatory gene expression of high-fat fed rats. They found reduction in IL-1β, IL-6, and TNF-α inflammatory gene responses following 12 weeks of exercise. In our study, 12
weeks of voluntary wheel- running exercise restored the
aortic and cardiac concentration and activity of HO enzyme, which was diminished by estrogen withdrawal and
HT diet. Furthermore, we observed a significant reduction
in the level of both TNF-α and IL-6 as compared to the
non-running counterparts. Similar to the changes of proinflammatory cytokines, MPO activity was significantly
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decreased in each running group. Ren et al. (2016) investigated the effect of moderate –intensity swimming exercise
on the expression and activity of HO in SHR rats. They
established that 9 weeks of exercise significantly increased
the activity and expression of HO-1 in the aorta and cardiac
tissue. Exercise can stimulate cardiac and aortic smooth
muscle up-regulation of HO as well as generates CO increases and relaxation of vascular cGMP pathway by increasing blood supply. The increase in CO content may enhance the anti-inflammatory properties of HO.

Conclusion
In this current study we clarified how estrogen depletion
and overnutrition related to the disruption of HO enzyme
system and to inflammatory processes. Decrease in the
concentration and activity of HO-1 and increase in the level
of TNF-α, IL-6 and MPO enzyme activity are the major
causes in the life expectancy of postmenopausal women.
However, 12 weeks of voluntary wheel-running exercise
seems to be a potential non-pharmacological strategy to
improve the deteriorated HO and inflammatory parameters.
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Key points
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