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Abstract: Background: This study has aimed to evaluate the effects of selenium nanoparticles on
ovarian oxidative stress indices in poisoning with cadmium. In this study, four general stages were
considered: 1) breeding and treatment of rats, 2) sampling of rats 3), preparing tissue foci 4) conducting
numerous experiments. The rats were randomly divided into five groups when administering
medications was initiated. Studying the amount of thiobarbituric acid reactive substances (TBARS) in
the ovary in test groups indicated that the amount of malondialdehyde (MDA) in four test groups had a
significant difference at 0.01 levels. The level of superoxide dismutase (SOD) of the ovary in cadmium
poisoning indicated that there were significant differences (P<0.05). Here, compared to the control
group, the cadmium-receiving group, and the cadmium along with nano selenium-receiving group, the
cadmium group showed a significant decrease (p<0.05), as 40.9, 54, 35.1 % respectively. However,
when compared with other groups two by two, there were some differences in the amount of MDA, but
they were not statistically significant (P<0.05). The present study demonstrated that selenium
nanoparticles improve and reduce oxidative stress effects in the ovaries of rats after cadmium poisoning.
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1. Introduction

Cadmium(Cd) is a poisonous carcinogen unnecessary transition metal that poses a
health risk for animals, especially humans. Evidence shows that work and environmental
cadmium uncovering grant permission be part of various types of cancer, including breast,
lung, prostate, nasopharynx, pancreas, and kidney cancers. At low doses, Cd adversely affects
the reproduction of human males and females, affecting pregnancy or its consequences [1,2].
So, it might have a role in the incidence and etiology of hormone-related cancers, such as
ovarian cancer, as the most lethal gynecologic malignancy [3]. Disturbance in the balance of
metal ions may lead to oxidative stress, which increases forms of reactive oxygen species
(ROS) and removes antioxidant protection, which naturally results in induced damage to DNA
peroxidase lipids, changing forms of protein as well as other effects. It has been seen that toxic
metals can react with DNA and protein, causing aggravation of the oxidation of biological
macromolecules [4]. In addition, exposure to Cadmium has an inhibitory effect on the most
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important antioxidant enzymes, superoxide dismutase, and glutathione reductase. Increased
lipid peroxidation has been observed in some brain areas after cadmium exposure. B. Cortex
and cortex-cerebellum [5].

Through various experimental studies, many studies have been performed on cadmium,
which is well known as a toxic metal with negative potential for humans. Its acute effects on
organs, especially kidneys, heart, vessels, and nervous system, have been well known.
Cadmium has been set in carcinogenic materials of group A according to the cancer
international agency Cell biology studies have shown that our exposure to cadmium may lead
to induced failure of DNA molecules (dsDNA) and impaired DNA repair system in peripheral
white blood cells [6,7]. Also, Cd induces cancer through multiple other mechanisms, such as
aberrant gene expression, oxidative stress induction, and apoptosis inhibition [8].

Selenium is important for keeping mammals healthy because of its antioxidant features
and pre-oxidative effects. It also plays an important role as an active center of energy in human
beings against diseases [9].

Selenium(Se) is concerned withinside the expression and synthesis of 25
selenoproteins, including TrxR, SepP, and GSH-Px. Also, Se affects non-enzymatic (GSH,
CoQ, and vitamin E) and enzymatic (SOD) antioxidant defense mechanisms for reducing ROS
harmful effects and strengthening the body's antioxidant system [10,11].

Se NP is a direct anti-cancer treatment Kill/eliminates pathogens in host cells [12].

Selenium insufficiency causes Kashin-Beck illness and Keshan, which are common in
youths living in destitute regions of selenium. Gentle Se insufficiency with daily nourishment
longing can debilitate the resistant framework, impede the uneasiness framework, and cause
intrinsic hypothyroidism within the baby. In expansion, Alzheimer's infection, misery, and
pressure are related to long-term Se insufficiency [13,14].

In addition, the protective effects of Se-NPs against metal and drug-induced toxicity,
such as cisplatin, chromium, anastrozole, and cadmium chloride, have been well
documented[15,16]. However, selenium has far too limited between minimum permissible
dosage (dietary deficiency (<40mg/day)) and toxic dosage (>400mg/day); the dietary reference
value of Se intake has been set in the range of 30-55mg/day by international agencies. Thus:
we should be cautious about selenium supplements. It has been reported that selenium
nanoparticles (Se Nps) can reduce Se toxicity. It has wider usage in laboratories and live
environments compared to selenium because of its high activity [17-19].

The present study was also designed to evaluate the effects of selenium nanoparticles
on ovarian oxidative stress indices in poisoning with cadmium.

2. Materials and Methods
2.1. Synthesis of selenium and cadmium solution.

300 mg Cadmium powder in the form of Cadmium chloride was mixed with 250 mL
physiological serum. The Nano-selenium solution, with chemical reduction of selenium oxide,
this solution was prepared at a dosage of 0.1mg/kg at 4°C. Cadmium solutions are reported in
Table 1. Also, the Selenite sodium solution prepared solution is 0.1 mg/kg sodium selenite.

Table 1. Sizes of selenium particles in nanoscale
Item | Size (nm) | Purity % | SSA m?/gr
Selenium NANOPARTICLE
(NANO-Se) 30-45 99.95 ‘ 25-50
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2.2. Animal grouping.

30 Wistar female rats were prepared. The approximate weight of each was 250-280 g.
The rats were divided into five groups for environmental compatibility; each group was set in
proper conditions in terms of temperature and light for one week. All animals were housed at
22°C in a 12 h dark-light cycle, and freely allowed water, food, and component was received
through the gavage method. On the first day: (1) Cadmium group 1cc cadmium of ascetic
cadmium in the form of cadmium chloride; (2) Sodium selenite: 0.25 mL Nano-selenium from
the solution of ascetic Nano selenium; (3) Cadmium as well as sodium selenite: 1 mL cadmium
of ascetic cadmium selenite sodium in the form of cadmium chloride; (4) Cadmium along with
Nano selenium: 1 cc cadmium of ascetic cadmium as cadmium chloride and 0.25 mL Nano-
selenium from the solution of ascetic Nano selenium; (5) Control group: daily nutrition ratio
of rats was ordinary commercial diet and distilled water.

After starting the administration of medications on the 35th day, all female rats from
each group were anesthetized with Ketamine and Xylazine. Thereafter, their lower abdomens
were surgery, and the intended tissues were separated. The isolated tissues were washed using
physiological serum and frozen at 70°C to prepare tissue foci.

2.3. Preparing tissue samples.

Tissues were withdrawn from the fridge, and once the ice melted, they were divided
into smaller pieces, and a sonicator device, homogenization, was carried out. The prepared
sample was centrifuged at 500 rpm for 20 min. After centrifugation, the supernatant was placed
in the fridge at 70°C.

2.4. Measuring biomarkers tissue.

2.4.1. Bradford method.

Bradford method was carried out as previously described by Goldring JJESoP et al. and
Kruger NJJTpph et al. [20,21]. First, 50 mL ethanol 95% was prepared, and then 100 ml
Kumasi blue solution was dissolved. Next, 100 mL phosphate acid 85% was added to it, after
which (maximum amount) up to 1000 mL water wax was added and fridge for a long time. The
basic Bovine serum albumin (BSA) solution was prepared with 1g BSA powder added to
normal saline. Then, it was divided into two equal parts and kept at 20°C repeated three times.
Table 2. Solutions inside tubes were homogenized well, and absorbance was read at a
wavelength of 595 after 15 minutes. In the next stage, 20 ul tissue foci (liver or kidney) were
mixed with 80 ul salt 1%, and after adding 5 mL reagent (blue Kumasi +ethanol+ phosphoric
acid), the absorbance samples were read at a wavelength of 595 nm.

Table 2. Bradford standard values.

Sample/pL 1 2 3 4 5 6 7 8 9 10
BSA/ pL 10 20 30 40 50 60 70 80 90 100

NaOH 0.1IN/pL 90 80 70 60 50 40 30 20 10 0

Bradford reagent/ml 5 5 5 5 5 5 5 5 5 5
BAS conc. p g/ml 100 200 300 400 | 500 600 700 | 800 900 1000

2.4.2. Membrane lipid peroxidation test (TBARS).

The basic solution of TCA-TBA-HCL was prepared with tree cholera acetic 15% (w/v),

thiobarbituric acid 0.375% (w/v), and hydrochloric acid 0.25% were used. The extent of
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peroxidation of membrane lipids (TBARS) was measured using the Buege method [22]. Here,
a 100 pl tissue sample was dissolved in 950 pl distilled water, and then 2 mL reagent was added
to it. The obtained solution was exposed to 100 °C in boiling water for 15 min. The samples
were centrifuged at 3000 rpm for 10 min. After the centrifugation stage, the absorbance of the
supernatant was read at the wavelength of 535 nm against blank.

2.4.3. Super oxidase dismutase measurement (SOD) (% inhibition/mg/ protein).

50 ml foci sample along with 450 pl distilled water and 50 pl xanthine oxides were
added to each test tube. The samples were kept at 25 °C for 20 min. Then, 50 ul copper chloride
(CaCl,) was added to the test tubes. After that, the absorbance of the sample was read at the
wavelength of 560 nm. The final calculations were performed based on Equation 1.

(Absorbance Blank - Absorbance Sample)
Absorbance blank

SOD activity: X 100% Equation 1

2.4.4. Catalase measurement (U/mg protein).

40 ul of the intended tissue foci sample (ovary) was diluted using 60 pl phosphate
buffer. Then, 1 pl of substrate solution was added, after which 1 mL substrate was mixed with
1 mL molybdate solution. Subsequently, 40 1 pl from the intended tissue foci sample and 160
pl phosphate buffers were added. Then, the reaction was terminated upon adding the moly date.
A yellow complex of ammonium moly date and H.O> was prepared. All of these tubes were
exposed to 37°C for 1 min and then read against blank (containing phosphate buffer) at the
wavelength of 405 nm.

2.4.5. GPX test (U/mg protein).

Hydrogen peroxide (H202) with the concentration of 8.8 m M/L, 50 m M Tris buffer, 2
mM reduced glutathione, 0.2 mM NADPH, 4 mM sodium azide, and 1000 IU glutathione
reductase were prepared and was kept at 37 °C for 5 min. After that, 10 pl of hydrogen peroxide
8.8 mm was added to the mixture and was read at the wavelength of 340 nm after 30 s, 1 min,
and 2 min. For conducting the glutathione peroxidase test, the extinction coefficient of 6220
M-1C-1 was used.

2.4.6. Measurement of carbonyl protein (CP) (nmol/mg protein).

50 ul sample was added to 500 ul 2-4-nitrophenyl hydrazine solution and chloric acid
2 M; then, these were centrifuged at 1200 rpm for 3 min, and the supernatant was removed and
washed three times. 1ml of ethanol ethyl acetate (1:1) was added to the sediment and
centrifuged at 5000 rpm for 3 min. After withdrawing the supernatant, in the last stage, the
sediment was dissolved in 0.6 ml guanidine solution at 37 °¢ for 15 min. The sample was then
centrifuged at 5000 rpm for 3 min. Finally, the absorbance was read at a wavelength of 375
nm.

2.4.7. Ferric reducing/Antioxidant Power (FRAP ) measurement test (M/mg proteinp).

Buffer acetate (300mM with pH=3) TPTZ (4, 2, 6 Tripyridyl-S-triazine) along with 40
mM HCI in mM 10) FeCls-6H20 20mM with a ratio of 3:1:1 of the sample (100 ul) was mixed
with 3 mL of FRAP reagent. Benzi and Esterin method was used for measuring FRAP [23].
https://nanobioletters.com/ 4 of 13
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Here, 1 cc reagent was added to a 20 pl sample and 80 pl distilled water, with its absorbance
read at a wavelength of 593 nm. The device was calibrated by a built self-reagent. FRAP was
measured using Equation 2:

FRAP value=AA sample(0—4 min)A / A standard (0—4 min)
FRAP unit is equal to M Fe?/mg Protein Equation 2

3. Results and Discussion

3.1. TBRS test of ovarian tissue.

Examination of the amount of TBRS in the ovary in test groups indicated that the
amount of MDA among the four groups had had a significant difference at the level of 0.01
(Partial n2=0.793, F (3, 16) =20.441, P<0.0001) (Table 3). Also, after studying and comparing
the amount of TBRS in each test group, the following results were obtained. When comparing
the amount of TBRS, the level of MDA in the control and cadmium poisoning groups showed
no significant difference (P=0.197). When comparing the content of TBRS, the MDA value in
the control group and cadmium along with the selenium poisoning group revealed a significant
difference at 0.05 level. (P<0.05). By comparing the amount of TBRS, the level of MDA in the
control group and cadmium along with the Nano selenium poisoning group showed a
significant difference at 0.01 (P<0.01). By comparing the amount of TBRS, the level of MDA
in cadmium and cadmium along with the selenium poisoning group exhibited a significant
difference at 0.01 (P<0.01). In the comparison of TBRS, regarding the amount of MDA in
cadmium along with selenium and cadmium along with the nano-selenium poisoning group,
the difference has been significant at 0.05 level (P<0.05). Concerning the comparison of the
amount of TBRS, the MDA content in cadmium and cadmium, along with the Nano-selenium
poisoning group, showed a significant difference at 0.01 (P<0.01). Compared to the control
group, the receiver of cadmium group, and the receiver of the nano-selenium cadmium receiver
group, cadmium group has a significant decrease (P<0.05), which were 40.9%, and 35.1%,
respectively.

Table 3. A contrastive study of the amount of TBARS in the ovary for control and treatment groups.

tatistics MDA ng/mg
Group Mean SD Minimum maximum
Control 0.15 0.04 0.12 0.22
cadmium poisoning 0.18 0.01 0.17 0.19
selenium and cadmium poisoning 0.11 0.02 0.09 0.13
Nano selenium and cadmium poisoning 0.8 0.01 0.06 0.1

3.2. SOD test of ovary tissue.

Figure 2 and Table 4 present the mean and standard deviation of SOD in four test
groups. According to the results, an inspection of the amount of SOD in the ovary in test groups
indicated that the amount of SOD in four test groups had a significant difference at a level of
0.01 (Partial n2=0.547, F (3, 16) =6.445, P<0/01). Also, the following results were obtained
when comparing and studying SOD in each test group. When comparing SOD, the amount of
SOD in the control and cadmium poisoning groups showed a significant difference at 0.05
(P<0.05). However, in the comparison of SOD, the amount of SOD in the control group and
cadmium along with selenium poisoning revealed no significant difference (P=0.495).

Regarding the comparison of SOD, the amount of SOD in the control group and
cadmium along with the Nano selenium poisoning group indicated no significant difference
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(P=0.166). In comparing SOD, the amount of SOD in cadmium and cadmium along with
selenium poisoning groups exhibited a significant difference at 0.01 (P<0.01). Regarding SOD
comparison, the amount of SOD in cadmium and with selenium and cadmium along with Nano
selenium poisoning groups indicated no significant difference (P=0.070). When comparing
SOD, regarding the amount of SOD in cadmium and cadmium along with Nano selenium
poisoning groups, the difference has been significant at 0.01 (P<0.01). Compared to the
cadmium-receiving group, the Nano selenium receiver and the cadmium receiver group and
the control group has shown a significant increase (P<0.05) by 31.1% and 22 %, respectively.
However, other groups did not have a significant difference (P<0.05).

3

MDA ngr /mgr protein

Sample

Figure 1. Comparison of MDA means across the test groups.

Table 4. Contrastive studying amount of SOD in the ovary in control and treatment groups.

tistics SOD ng/mg
Group Mean SD Minimum | Maximum
Control 0.085 0.0122 0.069 0.097
cadmium poisoning 0.065 0.008 0.056 0.075
selenium and cadmium poisoning 0.080 0.003 0.078 0.085
Nano selenium and cadmium poisoning 0.103 0.024 0.065 0.127

SOD ngr/mgr

controf cadmium

Figure 2. Comparison of mean SOD in the test groups.
3.3. Carbonyl protein test in ovary tissue.

Studying the carbonyl protein content of the ovary in the test groups indicated that the
Carbonyl protein content in four test groups had a significant difference at 0.01 level (Partial
n12=0.562, F (3, 16) =6.853, P<0.01). When comparing carbonyl protein content, the amount
of this protein content showed a significant difference at 0.01 level in the control and cadmium
poisoning groups (P<0.01). Regarding the comparison of carbonyl protein content, its level
showed a significant difference at 0.01 level in the control group and cadmium along with
selenium poisoning (P<0.01). Further, the carbonyl protein content in the control group and
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cadmium, along with the Nano selenium poisoning group, revealed no significant difference
(P=0.615). The carbonyl protein content in cadmium and cadmium along with selenium
poisoning groups, failed to show any significant difference (P=0.279). On the other hand, the
carbonyl protein content in cadmium along with selenium and cadmium along with nano
selenium poisoning groups indicated a significant difference at 0.05 level (P<0.05). When
comparing the carbonyl protein, the carbonyl protein content in cadmium and cadmium along
with Nano selenium poisoning groups exhibited a significant difference at 0.05 level (P<0.05)
(Figure 3 and Table 5).

Table 5. Contrastive studying amount of carbonyl protein of ovary in control and treatment groups.

istics Carbonyl protein ng/mg
Group Mean SD Minimum Maximum
Control 0.26 0.056 0.211 0.321
cadmium poisoning 0.46 0.117 0.312 0.6
selenium and cadmium poisoning 0.390 0.52 0.35 0.48
Nano selenium and cadmium poisoning 0.28 0.079 0.202 0.396

| contrer cadmium l

Figure 3. Comparing the mean carbonyl protein content in test groups.
3.4. GPX test in the ovary tissue.

Studying the amount of GPx in the ovary in test groups indicated that its level in the
four test groups had a significant difference at 0.01 level (Partial n2=0.737, F (3, 16) =14.946,
P<0.01). Also, the following results were obtained when comparing the amount of GPX in each
test group. The GPx content in the control group and cadmium poisoning showed a significant
difference at 0.05 (p<0.05). However, the GPx level in the control group and cadmium along
with selenium poisoning groups showed no significant difference (p=0.369). On the other hand,
the GPx level in the control group and cadmium along with the Nano selenium poisoning group
demonstrated a significant difference at 0.01 (p<0.01). The GPx level in cadmium and
cadmium, along with selenium groups, indicated a significant difference at 0.05 (p<0.05).
When comparing GPx, it's level in cadmium along with selenium and cadmuim plus nano
selenium poisoning groups exhibited a significant difference at 0.05 (p<0.05). Eventually, the
GPx content in cadmium and cadmium along with nano selenium poisoning groups revealed a
significant difference at 0.01 (p<0.01). (Figure 4 and Table 6)

Table 6. A contrastive study of the GPX level in the ovary in control and treatment groups.

istics GPX ng/mg
Group Mean SD Minimum | Maximum
Control 0.241 0.0106 0.2315 0.2575
cadmium poisoning 0.1846 0.0319 0.1425 0.2218
selenium and cadmium poisoning 0.2642 0.054 0.2088 0.35025
Nano selenium and cadmium poisoning 0.3395 0.038 0.2823 0.3808
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Figure 4. Comparing the mean GPX in test groups.

3.5. Catalase test in the ovary tissue.

Examination of the catalase level in the ovary in the test groups indicated its content in
four test groups had a significant difference at 0.01 level (Partial n2=0.895, F (3, 16) =45.692,
P<0.01). Also, when comparing the amount of catalase in each two test groups, it was found
that the catalase content in the control group and cadmium poisoning group had no significant
difference (p=0.171). On the other hand, catalase levels in the control group and cadmium
along with selenium poisoning revealed a significant difference at 0.01 (p<0.01). Further,
catalase content in the control group and cadmium along with Nano selenium poisoning
exhibited a significant difference at 0.01 (p<0.01). Similarly, the catalase value in cadmium
and cadmium, along with selenium poisoning, indicated a significant difference at 0.01
(p<0.01). Again, the catalase level in the cadmium and the cadmium plus Nano selenium
poisoning groups showed a significant difference at 0.05 (p<0.05). Finally, the catalase content
in cadmium and cadmium, along with nano selenium poisoning, demonstrated a significant
difference at 0.01 (p<0.01). (Figure 5 and Table 7)

Table 7. A contrastive study of the amount of GPX in the ovary in control and treatment groups.

\‘.latistics\ GPX ng/mg

Group Mean SD Minimum Maximum
Control 1.064 0.159 0.87 1.23
cadmium poisoning 0.935 0.106 0.849 1.1145
selenium and cadmium poisoning 1.4797 0.088 1.3825 1.601
Nano selenium and cadmium poisoning 1.6411 0.069 1.575 1.7525

Catalase ngr/mer

cadmium

Figure 5. Comparing the mean catalase content in test groups.
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3.6. Discussion.

It was found that cadmium treatment group in the ovarian tissue caused elevated MDA
compared to all groups. MDA elevation in the cadmium treatment group compared to the
mentioned groups is increased ROS production and diminished GPx enzymatic activity in the
treatment group with cadmium in the ovarian tissue. Tribowo et al. concluded that cadmium in
the ovarian rat causes elevation of produced MDA compared to the control group through
increasing ROS and Malondyaldehide (MDA) as a biomarker of oxidative stress [24]. The
Nano selenium and sodium selenite group showed a significant reduction of MDA production
in the ovary tissue compared to the cadmium. The reason for this difference is the enhanced
activity of GPx in these two groups compared to the cadmium, causing neutralization of ROS
and reduced production of MDA. This difference in Nano selenium groups compared to the
cadmium has been greater than sodium selenite to cadmium. It can be concluded that Nano
selenium has greater effectiveness compared to sodium selenite compared to cadmium in
reducing the produced MDA level.

Chen conducted research entitled the effects of sodium selenite on oxidative stress
induced by cadmium in the chicken spleen. They concluded that the group that had received
cadmium chloride(CdCl, 150 mg/kg)showed higher MDA production than the control group.
In that investigation, they attributed the elevation of MDA production to increased ROS
produced by cadmium. Also, in that study, the group that had received cadmium + sodium
selenite(Na2SeOs, 2 mg/kg) showed a significant reduction in MDA production compared to
the group receiving cadmium. This suggests the effectiveness of sodium selenite in cadmium
poisoning. The reason for this reduction of MDA production in the sodium selenite + cadmium
group was attributed to the enhanced activity of GPx because of sodium selenite. This would
cause the neutralization of ROS produced by cadmium, thereby inhibiting lipid peroxidation
[25].

In our study, investigation of ovarian TBARS levels in the groups indicated that MDA
level had a significant difference at 0.01 level across the four tested groups (control, cadmium
poisoning, selenium and cadmium, nano selenium plus cadmium). Selenium is one of the
important and essential elements of the body required for the activity of GPx to protect cells
against peroxidative damage and harms caused by free radicals such as hydroxyl [26]. In our
study, investigation of ovary GPx in the groups indicated that the level of GPx had a significant
difference at 0.01 level across the four groups (control, poisoning with cadmium, selenium and
cadmium, nano selenium, and cadmium).

Peng et al. noted that Nano selenium caused the enhanced activity of GPx of caprine
serum and SOD (p<0.05). The reason behind the enhanced activity of GPx in the Nano
selenium group was stated as the cofactor role of selenium in the structure of this enzyme,
causing neutralization of free radicals, thereby inhibiting the generation of MDA [27].The
results of these investigations concur with the findings obtained from our study. Thus, the
reason behind the reduced activity of GPx enzyme in the ovary in the cadmium treatment group
could be increased ROS production by cadmium, causing degradation of this enzyme's
structure and excessive uptake of this enzyme. Furthermore, the reason behind the higher
activity of GPx enzyme in the Nano selenium treatment group in our study could be the cofactor
role of selenium in the structure of this enzyme causing its higher activity. SOD is one of the
most important enzymes functioning as a cellular antioxidant. This enzyme exists in the cell
cytoplasm and mitochondria and maintains a low concentration of superoxide ions [28].
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Zhang et al. (2007), when studying goats, found that those who were fed nano selenium
for 95 days showed better growth rate and antioxidant activity with an increase in the activity
of SOD and GPx enzymes compared to the control (P<0.05). The reason behind the enhanced
activity of this enzyme was stated as higher selenium intake. It is involved as a cofactor in the
GPx enzyme structure, causing diminished degenerative effects of ROS, thereby inhibiting
SOD degradation [29]. In our study, again, the group that had received Nano selenium showed
higher activity of these enzymes.

Catalase is a Hem-containing enzyme that catalyzes the reaction through which
hydrogen peroxide is detoxified. Typically, this enzyme exists in peroxisomes. The liver's
catalase activity level test did not show any significant difference compared to the other groups.
However, in the ovary, cadmium caused the enhanced activity of catalase compared to the
control, Nano selenium, sodium selenite, and cadmium + sodium selenite (P<0.05). In our
study, investigation of the extent of catalase activity of the ovary in the test groups indicated
that the catalase level had a significant difference at 0.01 level across the four test groups
(control, poisoning with cadmium, selenium and cadmium, Nano selenium and cadmium).

In their study entitled the effect of sodium selenite on the rat's blood antioxidant system
in chronic cadmium toxicity, Pavlovic et al. (2001) concluded that the group that had received
sodium selenite for 30 days experienced enhanced GPx activity compared to the control. The
group that had received cadmium showed higher activity of SOD, catalase, and GPx (P<0.05).
Further, the group that had been administered cadmium plus sodium selenite revealed elevated
GPx compared to the control. In that investigation, they attributed the higher SOD activity to a
physiological response following increased free radicals [30]. One of the major and sensitive
indices in tracking oxidative stress is assessing the carbonyl protein groups, whose rapid yet
stable formation has made them more valuable than TBARS. According to the present study,
investigation of the ovary catalase level in the test groups showed that the catalase level had a
significant difference at 0.01 level across the four groups (control, poisoning with cadmium,
selenium and cadmium, nano selenium and cadmium). The protein carbonyl content in the
cadmium treatment group was higher than in other groups except for sodium selenite +
cadmium in the ovary (P<0.05). Possibly, the reason behind elevated carbonyl is increased
ROS production by cadmium, causing greater protein peroxidation, thereby elevating the
carbonyl content in these two tissues. Elsewhere, in their study on organochlorane in fish,
Samiec et al. (1998) concluded that an increase in the protein carbonyl group was in response
to oxidative stress induced by organochlorane; in that investigation, the elevation of ROS had
caused protein peroxidation and higher carbonyl content (P<0.05). The reason behind the
reduction of carbonyl content in the sodium selenite and nano selenium group is the possibly
higher activity of GPx, inhibiting protein peroxidation by neutralizing ROS.

A simple and rapid method for determining the antioxidant power is FRAP method. It
refers to the plasma viability for reducing ferric ion (Fe®*) to (Fe?*). This test is a very powerful
antioxidant defense index that can be used to examine the status of oxidative stress and its
impacts on tests. This test is not specific, and any molecule that can reduce the ferric ion
participates in this reaction. The results obtained from the FRAP test did not show any
significant difference between the treatment and control groups. However, the FRAP level
showed a descending trend in the cadmium group compared to Nano selenium and sodium
selenite (P<0.05). The diminished total antioxidant capacity in the cadmium treatment group,
reduced activity of GPx, and higher ROS production caused greater of these antioxidants. As
such, reduction of its level was observed in this test. In this test, the nano selenium treatment
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group revealed a relative increase in the total antioxidant capacity compared to the sodium
selenite treatment (P<0.05). Further, these two groups showed a significant difference
compared to the cadmium treatment; this difference was greater in the nano selenium treatment
group than the sodium selenite. This can be a reason for the superiority of nano selenium over
sodium selenite. Generally, it can be concluded that by increasing the level of MDA production,
cadmium reduces the activity of GPx, significantly lowers the activity of SOD, increases the
carbon content, and decreases the total antioxidant capacity concerning the mentioned groups,
causes the development of oxidative stress. As such, and based on these explanations, cadmium
can be a toxic agent. Further, a general comparison of nano selenium and sodium selenite with
cadmium showed that nano selenium and sodium selenite, by reducing MDA production,
enhancing the activity of GPx, lowering the carbonyl content, boosting the total antioxidant
capacity, and significantly increasing SOD inhibits the development of cadmium-induced
oxidative stress, thereby exerting their protective effects in this toxicity.

Further, a general comparison of nano selenium + cadmium and cadmium groups
revealed the effectiveness of nano selenium in cadmium poisoning. This effectiveness was
better as compared to sodium selenite. Sadeghian et al. concluded that oral prescription of
selenium nanoparticles and sodium selenite would unexpectedly cause increased oxidant
activity. However, selenium nanoparticles induce this role within a shorter time than sodium
selenite [31]. Overall, the study indicated that nano selenium has a desirable protective effect
in cadmium poisoning, which is better than sodium selenite.

4. Conclusions

In the end, in this study, the effect of selenium nanoparticles on the improvement and
reduction of oxidative stress effect from the ovaries of rats after cadmium poisoning was
significant and acceptable. However, compared with other groups two by two, there were some
differences in the amount of MDA, but they were not statistically significant.
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