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Abstract

Background: Exposure to cadmium can cause cardiovascular disorders, including possible risks of angiogenesis abnormalities
associated with Hypoxia Inducible Factor (HIF), in pregnancy period.
Objectives: This study aimed to investigate the effects of resistance and endurance training on HIF-1α and vascular endothelial
growth factor (VEGF) levels in heart tissue of pregnant rats with cadmium toxicity.
Methods: In this study, 48 female rats were selected and divided into 6 groups of 8 rats, including (1) cadmium, (2) resistance train-
ing, (3) resistance training with cadmium consumption, (4) endurance training, (5) endurance training with cadmium consump-
tion, and (6) control. Groups 2, 3, 4, and 5 performed three weeks of resistance and endurance training, five sessions per week. Also,
groups 1, 3, and 5 received cadmium as cadmium chloride dissolved in water as 400 mg per liter through drinking water. To ana-
lyze the data, Kolmogorov-Smirnov, One-way ANOVA, and Tukey’s post hoc tests were used and P ≤ 0.05 was considered statistically
significant.
Results: Cadmium had a significant effect on the increase of HIF1-α and VEGF (P = 0.001); resistance training had a significant effect
on the increase of HIF1-α (P = 0.03), resistance training (P = 0.02) and endurance training (P = 0.001) had a significant effect on the
increase of VEGF. Also, resistance training with cadmium consumption as well as endurance training with cadmium consumption
significantly decreased HIF1-α (P = 0.001) and VEGF (P = 0.001), compared with cadmium consumption.
Conclusions: Cadmium appears to lead to an abnormal increase in HIF-1α and VEGF in the heart tissues of pregnant rats, which
can stimulate abnormal angiogenesis of tumors; however, resistance and endurance training can reduce the severity of cadmium
effects on abnormal angiogenesis of the heart tissue of pregnant rats.
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1. Background

The growth of tumors and generating cancers are ma-
jor risks to pregnant mothers who are in an inappropri-
ate and infected environment. From a pathological point
of view, one of the major reasons for cancer development
and tumor growth may be active, unnatural or pathologi-
cal angiogenesis (1). In this regard, the hypoxia inducible
factor-1 (HIF-1) plays a key role and it is sensitive to tissue
oxygen tension. Hence the ability to sense and respond
to the changes in oxygen concentration is a basic need
for survival in all organisms, fluctuations in tissue oxygen
tension can make changes at the gene level and protein
synthesis level (2). HIF-1 was discovered as a transcription
factor for the erythropoietin (EPO) protein-coding gene
in humans in 1992. Studies showed that HIF-1 is a het-
erodimeric protein and it consists of an HIF-1α regulatory

subunit and an HIF-1β subunit. When the intracellular oxy-
gen level decreases, prolyl hydroxylase’s (PHDs) enzyme
activity is inhibited and these conditions lead to nuclear
transcription and synthesis of HIF-1α after the formation
of the active heterodimer HIF-1 β, which has a fundamen-
tal role in the transcription of hypoxia-related genes, in-
cluding angiogenesis, glycolysis, hematopoiesis, and cate-
cholamines. Nowadays, more than two percent of human
genes participate in HIF-1α synthesis in arterial endothelial
cells, directly and indirectly (3), of which the vascular en-
dothelial growth factor (VEGF) is the strongest endothelial
mitogen (4). Animal experiments showed that the elimina-
tion of HIF-1α gene which encoded HIF-1α protein synthe-
sis stopped the progression of fetal development during
days 8 to 9 and led to lethal fetal conditions during days
10 to 11, along with cardiovascular disorders and decreased
hematopoiesis (5). Therefore, HIF-1α and VEGF are essen-
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tial signaling pathways for maintaining vascular density
and supplying oxygen to hypoxic tissues (6). Cadmium is
a soft metal with silver-white color found naturally in the
earth’s crust and it doesn’t have a specific taste or smell.
Although there are many reports which specifically con-
centrate on cadmium’s harmful effects, the studies con-
ducted on the relationship between HIF-1α and cadmium
toxicity are scarce. Scientific evidence shows that HIF-1α
protein synthesis is regulated by oxygen-dependent mech-
anisms and conditions such as extreme physical activity
along with general and positional decrease in oxygen ten-
sion as well as acidosis, oxidative stress, and heat shock
have crucial roles in its stimulation (7). It was shown that
in rats’ heart tissues, HIF-1α and VEGF levels were increased
with both aerobic and non-aerobic training (8). On the
other hand, some studies on other tissues showed differ-
ent results, for example, three months of swimming resis-
tance training had no effect on HIF-1α levels (9).

2. Objectives

Altogether, considering the cardiovascular system’s re-
action to aerobic and resistance training exposed to envi-
ronmental pollutants, especially during pregnancy, in ad-
dition to oxygen accessibility problems on one hand and
lack of proper studies on the other, it’s hard to obtain a con-
sensus on this issue. Accordingly, the present study aims
to answer the question about the effects of three-week-
aerobic and -resistance training on the VEGF and HIF-1α lev-
els of heart tissue exposed to cadmium toxicity.

3. Methods

In this study, 48 adult female wistar rats were selected
and after transferring the rats from Iran’s Pasteur Institute
to the laboratory and familiarizing them with the new en-
vironment, each pair of female rats mated with one male
rat. After 48 hours, the first day of pregnancy was deter-
mined by checking the vaginal mass; and then in order to
adapt to the new environment, the rats were kept in clear
polycarbonate cages in groups of four, the room tempera-
ture was 23 ± 2°C, humidity 45 to 55% and the light/dark
cycle was 12:12. All ethical and legal aspects of this research
declared work with animals were in accordance with the
basic principles of the Helsinki Declaration of 2008. Ac-
cording to the Helsinki Statement, all five rats were kept in
autoclaved transparent polycarbonate cages, allowed the
animals to rest and these cages were designed to allow
the animals to be permanently viewed by the caregiver.
Also, the animals were not injured by cage parts in their
sudden movements and the cages were designed in such

way to prevent the animals from escaping. Then the ani-
mals were randomly divided into six equal groups of eight,
including (1) cadmium, (2) resistance training, (3) resis-
tance training with cadmium, (4) endurance training, (5)
endurance training with cadmium consumption, and (6)
control. During pregnancy, cadmium (provided with high
purities from Sigma-Aldrich Company) was consumed as a
cadmium chloride aqueous solution with the amount of
400 mg/L through drinking water (10). Groups 4 and 5
ran on a treadmill (with six lines for running of rats) de-
signed specifically for rats (Figure 1) for three weeks, five
sessions per week. In all period of research, the control
group did not receive any cadmium and exercises and just
did their daily activities. The duration of endurance train-
ing on the first day was 30 minutes, with a gradual increase
in training duration in the third week to 60 minutes. Also,
the training overload which increased the training volume
was set up by speeding up to 20 m/min during the first
week and 30 m/min during the final week (11). Also, groups
2 and 3 performed resistance training with 30 to 50% body
weight for three weeks, five sessions per week. These train-
ing included climbing a one-meter-long ladder while hav-
ing weights attached to the rats’ tails. The ladder had 26
steps and was placed at an 80-degree-angle. The selected
weights were 30% of the rats’ body weight at the beginning
and they were increased up to 50% of their body weight at
the end. From beginning to end, there were four sets and
six repetitions in each set of resistance training. There were
1-minute-rest intervals between repetitions and 3 minutes
between sets. For the warm-up, the rats climbed the lad-
der twice (weight free) before and after each training ses-
sion (12). It should be noted that as the main aim of present
study was to review and compare the effects of two kinds of
exercises in pregnant rats with cadmium toxicity; we just
used one dose of cadmium consumption, but we examine
the effect of two kinds of different exercises. To measure
the VEGF and HIF-1α levels, the heart tissues of rats were
sampled two days after delivery. Heart tissue was taken
and weighed with an accuracy of 0.001 using the Sarto-
rius: B1 1500 scale. First, the tissues were pulverized us-
ing liquid nitrogen and then they were homogenized in a
buffer solution and centrifuged for 15 minutes at 4°C and
14000 rpm (11). In order to determine the required index,
the resulting solution was transferred to the lab on dry ice.
In this study, HIF-1α values of heart tissue were measured
using the Canadian-made kit (KA1321) and the VEGF levels
using the Japanese-made kit (27101A. Rat VEGF Assay kit -
IBL) with the ELISA method. For ethical considerations, an-
imal experimental procedures were in accordance with in-
stitutional guidelines and approved by the Ethical Com-
mittee of Laboratory Animals Care at Marvdasht Islamic
Azad University, Marvdasht, Iran (IR.MIAU.REC.1396.187). In
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Figure 1. Treadmill for endurance training is shown

the end, to test the normal distribution of the findings,
Kolmogorov-Smirnov test was used. Also, to analyze the
findings, one-way analysis of variance analysis (ANOVA)
and Tukey’s post hoc tests were used and P≤0.05 was con-
sidered statistically significant.

4. Results

In Figures 2 and 3, the mean and standard deviation
of HIF1-α and VEGF of rat heart tissue are presented in the
six groups of the study. The results of One-way ANOVA test
showed that there was a significant difference between the
levels of HIF1-α (F = 48.42 and P = 0.001) and VEGF (F =
49.47 and P = 0.001) in the heart tissue of six groups of rats.
The results of Tukey’s post hoc test in showed that HIF1-α
levels of heart tissue in cadmium group (P = 0.001), resis-
tance training group (P = 0.03), resistance training with
cadmium group (P = 0.001) and endurance training with
cadmium group (P = 0.001) were significantly higher than
the control group (Figure 2); in resistance training group
it was significantly lower than cadmium group (P = 0.001),
resistance training with cadmium group (P = 0.02) and en-
durance training with cadmium group (P = 0.001); in re-
sistance training with cadmium group, it was significantly

lower than cadmium group (P = 0.001), however, it was sig-
nificantly higher than endurance training group (P = 0.01)
(Figure 2); In the endurance training group, compared to
the cadmium group (P = 0.002) and endurance training
with cadmium group (P = 0.001) it was significantly lower
(Figure 2). Also, endurance training with cadmium group
it was significantly lower than cadmium group (P = 0.001).
However, there was not a significant difference in HIF1-α
levels of heart tissue among endurance training and con-
trol groups (P = 0.10), resistance training, endurance train-
ing groups (P = 0.22), resistance training with cadmium,
and endurance training with cadmium groups (P = 0.22)
(Figure 2).

The results of Tukey’s post hoc test in showed that VEGF
levels of the heart tissue in resistance training group (P
= 0.02), endurance training group (P = 0.001), cadmium
group (P = 0.001), resistance training with cadmium group
(P = 0.001), and endurance training with cadmium group
(P = 0.001) were significantly higher than the control
group (Figure 3); in contrast, in resistance training group
it was significantly lower than cadmium group (P = 0.001),
resistance training with cadmium group (P = 0.001), and
endurance training with cadmium group (P = 0.001) (Fig-
ure 3); In resistance training with cadmium group it was
significantly lower than cadmium group (P = 0.001) (Fig-
ure 3). However, in resistance training with cadmium
group it was significantly higher than endurance training
group (P = 0.001); in the endurance training group it was
significantly lower than the cadmium group (P = 0.001),
and endurance training with cadmium group (P = 0.001)
(Figure 3). Also, in the endurance training with cadmium
group it was significantly lower than the cadmium group
(P = 0.001), however, there was no significant difference
in the level of VEGF in the heart tissue between the resis-
tance training group and the endurance training group (P
= 0.26), as well as resistance training with cadmium group
with cadmium group (P = 0.19) (Figure 3).

5. Discussion

The results of the present study showed that three
weeks of endurance and resistance training caused a sig-
nificant decrease in HIF-1α levels of pregnant rats’ heart tis-
sues. Ookawara et al. (2002) claimed that three months of
swimming resistance training had no effect on HIF-1α lev-
els (9). However, results from most studies on tissue levels
are not in the same direction as the present research (8).
One of the probable causes of this difference is that HIF-
1α is expressed in most of the tissues such as brain, liver,
kidneys, heart, skin, uterus, spleen, and muscles in mam-
mals (13). Consequently, different tissues may not have the
same response to different physical exercises. In order to
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Figure 2. Levels of HIF1-α in heart tissue of rats in six groups of the study. * Significant increase compared with control group. 6= Significant decrease compared with cadmium
group.
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Figure 3. VEGF levels of rats’ heart tissue in six groups of the study. * Significant increase compared with control group. 6= Significant decrease compared with cadmium
group.
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create adaptability in responses to physical training, var-
ious factors should work together systematically and po-
sitionally (8). Positional hypoxia caused by physical train-
ing is one of the first stimulants for adaptations such as
increase in capillary density and oxidative capacity, and
mechanisms such as mitochondrial activities, which adapt
to the changes they and are very sensitive to oxygen avail-
ability (13). On the other hand, the increase in reactive oxy-
gen species (ROS) gets involved in HIF-1α regulation as a re-
sult of the increase in oxygen intake during physical activ-
ities (14). Also, the findings of this study showed that three
weeks of endurance and resistance training resulted in a
significant increase in VEGF of heart tissues in pregnant
rats. In consistent to the present study, it was shown that
aerobic and non-aerobic training led to an increase in VEGF
levels (8). The increase in VEGF levels was also seen in the
Nourshahi et al. study (10). On the other hand, a few stud-
ies had different results, including Shekarchi Zadeh et al.
study, which showed that four weeks of resistance training
had no effect on serum VEGF levels (12). As in some stud-
ies, the serum levels of this protein was assessed 48 hours
after the last training session (12), which is basically differ-
ent from the present study’s method. It’s also important to
note that physical activity leads to activation of multiple
pathways, which their importance is recognized in angio-
genesis. These pathways could be related to metabolism,
capillary formation and might include calcium-regulated
pathways. The present study showed that cadmium con-
sumption significantly increased HIF-1α and VEGF in preg-
nant rats. On the other hand, resistance and endurance
training in pregnant rats exposed to cadmium toxicity re-
sulted in significant decrease of HIF-1α and VEGF. In agree-
ment with the present study, it was shown that cadmium
caused an increase in HIF-1α levels by increasing metalloth-
ionein (15). It seems that appearing of hypoxic conditions
depends on various factors, which as a positional environ-
mental stimulant can send the necessary signals for blood
vessel formation. In the present study, cadmium chloride’s
effect was impressive on the increase in VEGF and HIF-1α
protein expressions. These increased levels can stimulate
unnatural angiogenesis and consequently, tumor growth
(16). Therefore, it could accelerate tumor angiogenesis in
the pregnant mothers’ heart tissues. Although the precise
mechanism of cadmium’s effects on angiogenesis is still to
be understood (17), studies have shown that cadmium has a
significant effect on angiogenesis by affecting extracellular
signal-related kinase (ERK) factors,(protein kinase B) Akt
signaling, and also increasing HIF-1α and reactive oxygen
species levels. It’s possible that in pregnant women, the in-
crease in HIF-1α and VEGF levels won’t alongside increase
enough in tissue angiogenesis. In relation to this matter,
studies showed that excessive increase in VEGF levels dur-

ing pregnancy caused by lack of increase or even decrease
in fms-like tyrosine kinase 1 (FLT1) receptors, wouldn’t lead
to vascular structure growth (18). One of the limitations of
the present study was that the index or capacities for ox-
idative stress weren’t measured. It seems probable that the
increase in heart tissue’s HIF-1α and VEGF levels caused by
cadmium chloride was related to the increase in reactive
oxygen species; therefore, there is a need for further stud-
ies to clarify this matter.

5.1. Conclusions

The results of this study showed that cadmium toxi-
city leads to a significant increase in HIF-1α and VEGF in
the heart tissues of pregnant rats. On the other hand, en-
durance and resistance training can mitigate the harmful
effects of cadmium and reduce HIF-1α and VEGF levels sig-
nificantly in heart tissues of pregnant rats.
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