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Abstract

Background: Exercise and dietary supplements can partially mitigate the negative effects of cadmium. The present
study aimed to investigate the effect of swimming and silymarin on placental growth factor (PLGF) in pregnant mice

exposed to cadmium.

Methods: Seventy-two 8-week-old pregnant Wistar rats (weighing 20 + 200 g) were divided into 9 groups, with 8 rats

Article History

Received: 19 September 2021

Received in revised form: 15 October 2023
Accepted: 22 October 2023

Published online: 10 January 2024

DOL: 10.29252/mlj.14.5.26

Keywords

in each group. Cadmium chloride at a dose of 400 mg/kg body weight was fed to rats by drinking a water solution.

Silymarin (100 mg/kg body weight) was injected subcutaneously 3 times a week. The exercise program during
pregnancy consisted of 60 minutes of swimming per day, conducted for 5 days a week. The microscopic sections of
samples were taken 2 days after birth using the usual method of tissue sectioning. A 1-way analysis of variance
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(ANOVA) and Tukey post hoc test at the error level of 0.05 were used to analyze the data.

Results: The PLGF index in the cadmium group showed a significant decrease (P < 0.001) compared to the cadmium
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+ silymarin and cadmium + silymarin and swimming groups. However, swimming training alone had no effect on

PLGF index (P = 0.162).

Conclusion: Cadmium significantly reduced PLGF levels in neonatal lung tissue, and regular swimming endurance
exercises and silymarin supplementation inhibited the effects of cadmium chloride.

Introduction

Pregnancy is a stressful condition in which many physiological and metabolic
functions change considerably (1). In a healthy person, free radicals and
antioxidants are in balance, but when this balance is disrupted, oxidative stress
(OS) occurs. This OS causes tissue damage and various diseases (2). Oxidative
stress plays a role in the development of health conditions, such as preterm
delivery, fetal growth restriction, pregnancy poisoning, and abortion (3).
Cadmium is one of the main environmental pollutants, having many effects on
the surrounding environment, and even a small amount of it is very poisonous
and causes cancer (4). This element has been reported to be associated with the
occurrence of OS, causing reactive oxygen species (ROS) directly and indirectly.
In addition, the accumulation of cadmium-induced free radicals can damage the
structure and performance of different cells (including beta cells) and may result
in pancreatic cancer (5,6). When cadmium passes the placenta and enters the
fetus’s body, it causes different abnormalities, including cleft palate, cleft lip,
non-formation of the ear or misplaced ear, and open eye (7,8). The proper use of
dietary, medicinal, and herbal supplements can be helpful in minimizing the
effect of cadmium. Silybum marianum is one of the vegetables that are rich in
phenolic flavonolignan compounds (taxifolin, silibinin, silidianin, and silicristin)
(9). The most important uses of this plant include its antioxidant, anti-
inflammatory, and anticancer properties, as well as its effect on plasma lipids and
lipoproteins. However, research on the inhibitory effects of Silibium marianum
in contrast to the effects of exercise and physical activity on fetal growth factor
is still unknown.

Placental growth factor (PLGF) is considered one of the strong angiogenic
factors in tumors (10), which has been identified in inflammatory diseases,
wound healing, and cancers. It is also involved in cardiovascular diseases,
monocyte invasion in chronic infectious diseases, and increased internal
thickness of atherosclerosis (11). Abnormal concentrations of this factor cause
abnormal placental development that is observed during preeclampsia in
pregnancy (12). The presence of this factor in early life after birth is essential for
the growth and survival of infants, and its prevention leads to increased mortality,
stunted growth, and impaired organ development (12). Angiogenesis is a process
that develops in a complex way during life and adulthood. Physical exercise has
been identified as an effective factor in promoting angiogenesis (13). However,
few studies have been conducted on the effects of sports activities, especially
swimming, on the PLGF of pregnant women who had moderate and regular
aerobic exercise compared to the inactive group (14). Since it has been suggested
that cadmium has an effect on the function of various cells, including endothelial
cells of blood vessels and beta cells, it is possible that it has an effect on PLGF
levels as well. Therefore, it is possible to use supplements

Since cadmium has been suggested to affect the function of various cells, it
has been suggested that cadmium has an effect on the function of various cells,
including endothelial cells of blood vessels and beta cells, it is possible that it has
an effect on PLGF levels as well. Therefore, the use of supplements such as
silymarin may be an effective factor in reducing the risks and diseases caused by
the effect of cadmium on PLGF.

To date, no study has been reported to investigate the effect of submaximal
swimming activity on PLGF concentration during pregnancy, as well as the effect
of silymarin and cadmium supplementation on PLGF levels.

Methods

Seventy-two 8-week-old pregnant Wistar rats (weighing 20 + 200 g) were divided
into 9 groups, with 8 rats in each group. The rats were kept in transparent
polycarbonate cages at a temperature of 23 + 2 °C with a humidity of 45% = 5%
and light-dark cycle of 12:12. During the research period, all animals were
provided ad libitum access to standard food pellets and water. One week after
transportation to the laboratory and adaptation to the new environment, the
animals were transferred to a swimming pool. This was done to help the rats
become familiar with the water, reduce swimming-related stress, and provide
them with a training environment. The animals received swimming training for
1 week. This 1-week training program started with a duration of 10 minutes per
session. Each day, the swimming time was increased by 5 minutes, gradually
progressing throughout the week. By the end of the week, the rats were
swimming for a total of 30 minutes per session. Then, 2 female rats and 1 male
rat were put together for mating. After 48 hours, with the observance of pregnant
rats, the first day of pregnancy was confirmed (15). The rats were divided into 9
groups, with each group consisting of 8 rats. Within each group, the rats were
further placed in cages with 4 rats per cage. The groups are as follows: 1) control,
2) solvent, 3) cadmium, 4) silymarin, 5) training, 6) silymarin + cadmium, 7)
training + cadmium, 8) training + silymarin, and 9) training + silymarin +
cadmium groups.

Cadmium consumption

Cadmium chloride solvent at a dose of 400 mg/kg body weight per liter was fed
to the rats through drinking a water solution (16). Therefore, 2 g of cadmium was
dissolved in 5 L of water, poured into water-specific containers, and given to the
rats 24 hours a day.

Procedure of silymarin consumption

To provide silymarin, first, 1.6 g of silymarin powder was dissolved in 4 mL of
ethanol, and then 16 mL of distilled water was added to it. The dose of silymarin
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Effect of swimming and silymarin on PLGF in pregnant rats

administered to the rats during pregnancy was 100 mg per kilogram of body
weight. This dosage was administered by subcutaneous injection 4 days a week.

Exercise program

The duration of water training on the first day was 30 minutes. The duration was
increased by 5 minutes per session, leading to a total of 60 minutes by the second
week. After reaching this duration, the training time was maintained and
stabilized. The exercise overload was done by adjusting the power and speed of
the water while swimming (16).

Laboratory sampling and analysis

Tissue sampling was performed on the tissues of all neonatal rats with very
similar conditions and in basic conditions (2 days after birth). For this purpose, a
two-day-old baby was randomly selected from each mother and beheaded
without anesthesia. Then, tissue samples were taken from all neonates
immediately. Lung tissue was weighed using a sartorius scale: BI 1500 with an
accuracy of 0.001. After that, it was put in special microtubes, immediately
placed in nitrogen liquid, and kept at -80 °C until homogenization. The vascular
endothelial growth factor (VEGF) level of kidney tissue was determined by
enzyme-linked immunosorbent assay (ELISA) using a special kit. For this
purpose, the tissues were first pulverized and then centrifuged in a homogenized
buffer solution. The buffer solution used was a phosphate buffer with a pH of 7.4
and a concentration of 100mM. Additionally, the buffer solution contained 150
KIU/mL of aprotinin, which served as an antiprotease. The centrifugation process
was performed for 10 minutes at a speed of 8000g. The obtained solution was
transferred to the laboratory to measure the desired index using dry ice. The right
kidney tissues of the animals were placed in a 10% formalin fixative solution for
fixation. To prepare microscopic sections from the samples, tissue sections were
prepared in the usual way. The structure of kidney tissue in different groups was
presented and determined using the prepared micrographs. This study was
conducted in the laboratory of the Pasteur Institute of Amol City, Iran.

Statistical methods and data analysis

To analyze the data, Kolmogorov-Smirnov tests were used to determine the
normal distribution of data. A 1-way analysis of variance (ANOVA) and Tukey
post hoc test were used to compare different groups. All calculations were
performed using SPSS version 18 (SPSS Inc, Chicago, IL, USA). P values less
than or equal to 0.05 were considered statistically significant.

Results

The results of 1-way ANOVA of PLGF showed a significant difference between
the groups (F7; = 5.94; P < 0.00). There was no significant difference between
the PLGF changes in the lungs of rats in the training group compared to the
control group (P < 0.162). Moreover, a significant difference was observed
between PLGF changes in the lungs of rats in the cadmium group compared to
the control group (P < 0.001). There was no significant difference between the
PLGF changes in the lungs of rats in the cadmium group compared with the
control and solvent groups .The results of statistical tests showed that there was
no difference between the changes in the PLGF levels of pregnant rats in the
training and cadmium groups compared to the control and cadmium groups (P <
0.461), while there was a significant difference between the changes in the PLGF
levels of the rats in the training and cadmium groups compared to the cadmium
group (P <0.001).

Table 1 shows the one-way analysis of variance of PLGF (in terms of
nanomoles per milligram of protein) in lung tissue in different research groups.

Table 1. Results of 1-way analysis of variance of PLGF (placental growth factor) for

groups
Groups Mean difference SEM P-value
Swimming Control -21/000 14/83 0/162
Cadmium Control 59/125 14/83 *0/000
Silymarin Control -0/125 14/83 0/993
Solvent -6/125 14/83 0/681

*The significance level was at P << 0.05.

Discussion

According to the findings of the present study, after exposing pregnant rats to
cadmium, a significant decrease was observed in the PLGF levels of lung tissue
in the neonates of the cadmium group compared to the control and solvent groups.
Increased exposure to cadmium increases ROS production. Since changes in
PLGF also depend on VEGF levels, it appears that ROS stimulation may increase
vascular permeability through the upregulation of PLGF. Reactive oxygen
species (ROS) cause a secondary message in the function of different cells and
can stimulate growth factors in different types of cells (17). Accordingly,
cadmium is expected to increase PLGF levels by creating OS, which is contrary
to the results obtained in this study. The decrease in this factor due to cadmium
can be attributed to the dose of cadmium consumed. Therefore, it can be
suggested that cadmium with this dose causes the destruction of lung tissue and
thus reduces PLGF levels.

27

In the present study, after subcutaneous injection of silymarin, a significant
increase was observed in PLGF levels of lung tissue in the neonates of the
silymarin group compared to the control and solvent groups. Since there is little
information on the effect of silymarin supplementation on PLGF levels, it will be
very difficult to discuss this issue. The PLGF growth factor is the second factor
in the VEGF family, which, like other members of the VEGF family, has different
isoforms that are mainly expressed in pairs during all periods of pregnancy. This
study demonstrates that PLGF is necessary for the development of vascular and
physiological factors. Research has shown that its functions depend on the
growth stages and physiological function of the organ in which it is secreted (18).
Accordingly, silymarin is expected to reduce PLGF levels due to its
antiangiogenic properties, which is contrary to the results obtained in this study.
This discrepancy may be attributed to the critical stage of pregnancy and fetal
development. Since a study has shown the effect of silymarin on wound healing
in diabetic rats (19), it can be concluded that if silymarin is used in physiological
conditions where PLGF levels are high, it causes a further increase in PLGF
levels, and in pathological conditions, where PLGF levels are high, silymarin
exerts its anti-angiogenic properties, which causes a decrease in PLGF levels.
The antiangiogenic activity of silymarin is one of the main ways to treat cancer,
especially in the case of solid tumors (20). This silymarin activity has been well
investigated in umbilical vein endothelial cells, where silybin activity is dose-
dependent and VEGF reduction has been reported. This study showed a
significant increase in the PLGF levels of lung tissue in the neonates of the
exercise group compared to the control and solvent groups. Studies have shown
that PLGF is a key factor in the development of various angiogenic adaptations
after endurance training. In addition, endurance training increases PLGF activity
(21,22). In contrast, Ferland et al (2013) examined the relationship between
physical activity and fetal growth factor levels during pregnancy and found that
with increasing levels of physical activity, PLGF concentration decreased
significantly (23).

It seems that different factors must work together locally and systematically
to make adaptations through endurance training. Local hypoxia due to endurance
training is one of the most basic stimuli for adaptations, such as increased
capillary density and oxidative capacity (23). Mechanisms that are sensitive to
oxygen stress can adapt to changes as a result of endurance training (24). Due to
oxidative damage to lipids, products (such as malondialdehyde) are produced,
which are used as an indicator of fat damage. Therefore, it seems that intense
exercise can be harmful and increase lipid peroxidation (23). Accordingly, an
increase in PLGF in neonatal lung tissue after 3 weeks of endurance swimming
may be related to OS due to this activity and the production of ROS. Increased
PLGEF in the lung tissue of infants who have not been directly involved in any
exercise program indicates exercise adaptation. It is likely that exercise during
pregnancy is effective in increasing neonatal endurance. Therefore, due to the
needs of the fetus in a hypoxic environment for the development of fetal vessels,
exercise may be able to help the process of fetal growth and development by
creating such an environment.

In this study, cadmium alone caused a significant decrease in PLGF levels in
neonatal lung tissue compared to the control group, confirming tissue changes
following cadmium consumption. Therefore, it can be suggested that cadmium
with this dose causes the destruction of lung tissue and thus reduces PLGF levels.
In other groups (including the cadmium group), a significant increase was
observed in PLGF levels in neonatal lung tissue compared to the control and
cadmium groups, indicating that the effect of cadmium was neutralized by
silymarin and exercise alone or in combination. Exercise was more effective than
silymarin in compensating for the decrease in PLGF levels. Melikoglu et al
(2008) showed that a regular long-term exercise period could increase many
antioxidant enzymes, especially glutathione, which can counteract cadmium
toxicity for the reasons mentioned in the silymarin section (25).

Based on the findings of this study, it can be said that 3 weeks of submaximal
endurance swimming training during pregnancy can prevent the destruction of
PLGF-dependent growth processes during the fetal period by compensating for
the reduction of PLGF levels caused by cadmium pollutants, as well as can be
seen as a strategy for moderating the destructive effects of cadmium pollutants.
The injection of 400 mg of silymarin per kilogram of body weight caused a
significant increase in PLGF levels in neonatal lung tissues compared to the
control and solvent groups. Meanwhile, the silymarin solvent group, which
received the same amount of alcohol and distilled water, did not show any
significant changes in PLGF levels, indicating that this solvent did not affect the
results of the study. In the silymarin + exercise group, a significant increase was
observed in PLGF levels compared to the silymarin group. Thus, exercise with
silymarin could have a greater effect on increasing PLGF levels, but PLGF levels
decreased in the silymarin + cadmium group compared to the silymarin group,
which was not statistically significant. In other words, cadmium could not exert
its effect in the presence of silymarin.

This study demonstrated that silymarin can be classified as a flavonoid that
causes positive regulation of PLGF in pregnancy. Silymarin has been shown to
increase hepatic glutathione by 35% in healthy individuals. This effect has also
been observed in gastric and intestinal cells (26). Rajswara et al (2007) also
showed that silymarin increased the number of endogenous antioxidant enzymes,
such as glutathione transferase (27). This effect of silymarin on the liver can
probably be extended to kidney tissue. Low glutathione is directly related to an
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increase in cadmium-induced apoptosis; thus, a silymarin-induced glutathione
increase can be a rational explanation for combating cadmium toxicity (28). As a
result, it can be stated that silymarin mitigates the negative effects of cadmium
on fetal growth by compensating for the decrease in PLGF levels caused by this
pollutant and could be used as a compound to help fetal growth in mothers
exposed to environmental pollutants. The findings of the present study showed
that exercise alone significantly increased PLGF levels in neonatal lung tissue
compared to the control group.

Conclusion

Cadmium caused a significant decrease in PLGF levels in neonatal lung tissue.
In addition, the use of regular swimming endurance exercises and silymarin
supplementation prevented the effects of cadmium chloride. Therefore, it seems
that the protective effects of regular and submaximal swimming endurance
exercises and silymarin supplementation during pregnancy can be used as a
useful and effective strategy against the effects and pollution caused by cadmium.
Since regular aerobic activity and the use of herbal antioxidant supplements as a
non-pharmacological strategy lead to the protective effects of the body’s vascular
system during pregnancy, the effectiveness of the combined strategy is far greater
than the individual effects of each of these approaches.
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