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Abstract:
Heavy metal exposure is becoming more common in our contemporary society as a result of its widespread
availability and use. Arsenic is a well-known example of a heavy metal that can harm live creatures’ reproductive
systems and biochemical pathways. Twenty-four male Albino rats were randomly divided into four groups (n
= 6) and exposed to sodium arsenite (SA) and sodium selenite (SS) for 5 weeks to investigate the ameliorative
role of sodium selenite on sodium arsenite-induced testicular toxicity on some biomolecules and enzymes of
energy metabolism. Group I (control) received just distilled water, whereas groups II and III were given 40
ppm SA in drinking water ad libitum; additionally, group III received 0.25 mg/kg bwt SS orally, while group IV
received 0.25 mg/kg bwt SS orally only. Significant increases (p < 0.05) in xanthine oxidase, aldolase, lactate
dehydrogenase, and aspartate aminotransferase activities, and nitric oxide and hydrogen sulphide levels were
observed in the SA-exposed group (group II), while hexokinase and α-ketoglutarate dehydrogenase activities
decreased significantly. Sodium selenite treatment ameliorated the apparent effects of SA exposure, as seen in
groups III and IV. This study supports the use of SS as a safe therapy for SA-induced testicular toxicity.
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1 Introduction

Heavy metal exposure is becoming more common
in our contemporary society as a result of its
widespread availability and use. Arsenic is a well-
known example of a heavy metal that can harm
live creatures’ reproductive systems and biochemical
pathways. Arsenic exists in both inorganic and
organic forms (Matschullat, 2000) and with varying
oxidation numbers in nature (Afolabi et al., 2015).
The inorganic forms are predominantly present in
water, food, soil, and air. There are reports of
arsenic contamination of water bodies in both urban
and rural settings around the world (Ahoule et al.,
2015). Acute and chronic exposures to inorganic

arsenic compounds result in multi-organ damages
and perturbations in biological pathways (Gwaltney-
Brant, 2013).

Selenium is an essential micro-element that affects
numerous physiological activities in both animals and
plants. In trace amounts, it is a good antioxidant
with anticancer and anti-mutagenic properties and
improves reproductive system and developmental
activities (Hariharan & Dharmaraj, 2020; Mojapelo
& Lehloenya, 2019). Selenium exists in two forms:
organic and inorganic. One of the most common
inorganic forms is sodium selenite (SS), used for its
dietary potential as a food supplement (Arshad et al.,
2021). Selenium has been reported to alter the toxic
potential of heavy metals by interacting with them at
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their primary sites of action, and it can alter the way
the body responds to noxious substances by altering
their metabolism and transport (Rahman et al., 2019).

In order to find a safer treatment for arsenic-
induced testicular toxicity, SS was employed due to
its antioxidant and chemo-protective properties. This
current study aims to investigate the ameliorative
roles of SS on sodium arsenite-induced testicular
damage in male Albino rats.

2 Materials and Methods

2.1 Chemicals

Sodium arsenite (a source of arsenic, SA) and sodium
selenite (a source of selenium, SS) were products of
Sigma-Aldrich, Missouri, USA. All other chemicals and
reagents used are of analytical grade.

2.2 Experimental Animal and Design

A total of 24 adult male albino rats (weight:
211 g ± 23) were randomly selected into four
groups. These were housed in plastic cages with
good ventilation and fed ad libitum with rat chow.
The protocols of this study were approved by
the Animal Ethical Committee of the Department
of Biochemistry, College of Biosciences, Federal
University of Agriculture, Abeokuta, Ogun State. After
initial acclimatization of the animals for two weeks,
the animals were exposed to SA and treated with SS.
Group I (control) received distilled water; groups II
and III were given 40 ppm SA in drinking water ad
libitum; additionally, group III received 0.25 mg/kg
bwt SS orally, while group IV received 0.25 mg/kg bwt
SS orally only. The SS dose utilized in this study was
previously published by Aslanturk et al. (2014). The
experiment lasted five weeks.

2.3 Animal Sacrifice

The animals were sacrificed a day after the treatment
had ended, following an overnight fast. All materials
were stored at a temperature of around 4°C. The rats
were anesthetized with phenobarbital, and the testes
were excised using a dissecting kit. The organs were
transferred into a chilled saline solution. The rinsed
organs were mopped with filter paper and weighed
with an analytical balance. A 10% homogenate
solution of the organ was prepared with Sucrose-
Tris-EDTA buffer (containing 0.25 M, 10 mM Tris,
and 0.05 mM EDTA, pH 7.4). The mitochondrial
fraction (pellet) of the homogenate was obtained after

centrifugation at 12,000 rpm for 3 minutes at 4°C.
The supernatant was decanted, and the pellet was
reconstituted with 1 ml of the buffer (Mela & Seitz,
1979). This was used for the biochemical assay.

2.4 Biochemical Assays

2.4.1 Estimation of Testicular Hydrogen Sulphide
and Nitric Oxide Levels

Hydrogen sulphide was assayed according to the
protocol of Zhu et al. (2007), while nitric oxide
levels were assayed according to the protocol of Tsikas
(2005).

2.4.2 Determination of Testicular Xanthine
Oxidase Activity

The assay for xanthine oxidase activity followed the
protocol of Bergmeyer et al. (1974).

2.4.3 Determination of Testicular Aldolase
Activity

The assay for aldolase activity followed the protocol
of Jagannathan et al. (1956).

2.4.4 Determination of Testicular Lactate
Dehydrogenase Activity

The assay for lactate dehydrogenase (LDH) activity
followed the protocol of Borgmann et al. (1974).

2.4.5 Determination of Testicular Aspartate
Amino Transferase Activity

Aspartate amino transferase activity was assayed
according to the protocol of Reitman and Frankel
(1957).

2.4.6 Determination of Testicular α-Ketoglutarate
Dehydrogenase and Glutamate
Dehydrogenase Activities

Testicular α-ketoglutarate dehydrogenase and
glutamate dehydrogenase (GLDH) activities were
assayed according to the protocols of Reed and
Mukherjee (1969), and Srasketa et al. (2014)
respectively.

2.4.7 Protein Determination in the Testes

The protein concentration was determined using the
Biuret method. This was used to determine the
specific enzyme activity.

2.5 Statistical Analysis

The results are shown as the mean ± standard error
of mean (SEM). To assess group homogeneity, one-
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way analysis of variance (ANOVA) was used. If there
was heterogeneity, the Duncan test was used to divide
the groups. A p-value of p < 0.05 indicated statistical
significance. All analyses were carried out using the
Statistical Package for Social Sciences version 24.

3 Results and Discussion
Table 1 shows the total amount of arsenic intake
by each rat in the SA-exposed groups. The weekly
average of arsenic intake ranged from 7.37 to 7.94
mg, culminating in 36.85 and 39.74 mg of arsenic
ingested by groups III and IV, respectively (Babayemi
et al., 2022). One of the major sources of arsenic
exposure is through the consumption of contaminated
water due to its ubiquitous nature (Matschullat,
2000). The ingested arsenite is absorbed into
the circulatory system via the gastrointestinal tract
and distributed across organs (including testes),
causing imbalances in biomolecule levels and enzyme
activities, resulting in metabolic disorders and organ
pathologies (Babayemi et al., 2022).

Table 1: Weekly, total, and average arsenic ingested
by each rat.

Week Group II (mg) Group III (mg)
1 9.24 7.38
2 9.67 9.51
3 7.06 5.82
4 6.74 6.78
5 7.00 7.36
Total 39.74 36.85
Arsenic per week per rat 7.94 7.37

Figure 1 shows the relative organ weights of the
rats. There were no significant (p < 0.05) differences
in the relative organ weights of the groups when
compared to the control. Groups II, III, and IV were
15%, 4%, and 13% lower than the control group,
respectively. The highest decrease was seen in Group
II, where arsenic exposure resulted in organ injury due
to oxidative damage from the overwhelming presence
of free radical species (Babayemi et al., 2022; Souza
et al., 2019). This reduction becomes more prominent
over time if SA exposure is not checked.

Table 2 depicts the levels of signaling biomolecules
(NO and H2S) and xanthine oxidase (XO) activities
in the testes. Compared to the control group, there
was a 30% and 32% increase in testicular levels of
mitochondrial NO and H2S in group II, respectively,
but these signaling biomolecules were restored to

Figure 1: Relative organ weights of the rats. Values
are means ± SEM.

normal levels in groups III and IV. Elevated levels of
these gasotransmitters may result in imbalances and
perturbations in the performance of the sperm cells
(Dutta et al., 2024). There was a significant increase
(p < 0.05) in XO activity due to arsenic exposure, with
a 111% increase in group II, which was reversed to
39% in group III with selenium treatment. XO is a
major contributor to reactive oxygen species, causing
oxidative damage to cell membranes and enzymes,
disrupting their functions (Darbandi et al., 2018).
Sodium selenite was able to reduce the oxidative
damage by inhibiting XO activity and reducing the
oxidative power of reactive oxygen species due to its
antioxidant capacity (Pisoschi et al., 2015).

The activities of some glycolytic enzymes in the
testes are shown in Table 3. Exposure to sodium
arsenite resulted in a 48% inhibition of hexokinase
activity in group II compared to the control group,
but this was reduced to 18% in group III with
selenium treatment. The aldolase activity in group
II was fifteen times that of group I, while in group
III, it was significantly (p < 0.05) reduced with
selenium treatment to the control level. The pattern
of LDH activity in the testes was the reverse of
that of hexokinase activity. When compared to the
control group, LDH activity increased in the arsenic-
exposed group (II) by 466%, but this was reduced
to 150% and 26% with selenium administration in
groups III and IV, respectively. The significant roles
of testes in spermatogenesis and hormone synthesis
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Table 2: Effects of sodium selenite on signaling biomolecule levels and xanthine oxidase activities in the testes of
arsenic-exposed rats.

Groups NO levels (µM/mg protein) H2S levels (µM/mg protein) XO activity (U/mg protein)
I 349.47 ± 6.73a 1096.55 ± 59.51a 0.46 ± 0.18a

II 454.78 ± 19.14b 1455.74 ± 33.07b 0.97 ± 0.09b

III 318.88 ± 40.85a 1125.94 ± 130.20a 0.64 ± 0.10ab

IV 285.92 ± 18.48a 920.00 ± 65.68a 0.40 ± 0.11a

All values are expressed as mean ± SEM. Values with different superscripts indicate significant differences
(p < 0.05) down the column.

Table 3: Effects of sodium selenite on glycolytic enzyme activities in the testes of arsenic-exposed rats.

Groups Hexokinase (U/mg protein) Aldolase (U/mg protein) Lactate dehydrogenase (U/mg protein)
I 51.70 ± 0.64c 0.98 ± 0.25a 0.41 ± 0.02a

II 21.20 ± 2.00a 14.12 ± 0.96b 2.32 ± 0.02d

III 42.60 ± 1.98b 1.45 ± 0.22a 1.02 ± 0.03c

IV 44.44 ± 2.68b 1.10 ± 0.10a 0.52 ± 0.02b

All values are expressed as mean ± SEM. Values with different superscripts indicate significant differences
(p < 0.05) down the column.

in reproduction require the availability of energy.
The energy metabolic process is a target of arsenic
toxicity (Chen et al., 2020). Glycolysis serves the
purpose of providing quick ATP and high-energy
compounds from glucose breakdown; hexokinase
is one of the regulatory enzymes of this pathway.
Arsenic species form complexes with hexokinase
and glucose due to their structural resemblance to
phosphate, inhibiting the phosphorylation of glucose
and slowing down glycolysis (Machado et al., 2023).
During this deprived energy condition, the cells source
their energy needs using alternate pathways and
enzymes. The activities of aldolase and LDH increase
as alternate sources of energy production. Aldolase
also participates in the pathways of glucose synthesis
and fructose metabolism, and LDH provides less
energy through lactate production, a toxic metabolite
(Fukushi et al., 2022). These effects were reversed
with SS supplementation due to its competitive
capacity for active sites of enzymes with arsenic
(Zwolak et al., 2020).

Table 4 shows the activities of some enzymes
involved in Krebs’ cycle and protein metabolism
in the testes. Testicular α-KGDH activity (one of
the regulatory enzymes of the Krebs’ cycle) was
inhibited by arsenic exposure in group II by 84%
when compared to the control group, but this was
reduced to 30% by SS supplementation in groups III

and IV. This agrees with the finding of Machado-Neves
(2023), in which arsenic-induced toxicity inhibits
the α-KGDH activity, thereby decreasing the amount
of reducing equivalents produced for the electron
transport chain for ATP production which may result
in energy starvation. Due to its antioxidant capacity,
SS was able to reverse oxidative damage to the
enzyme (Saikiran et al., 2020).

Compared to group I (control), there was a
significant (p < 0.05) increase in testicular AST
activity in group II by 29% and 135% in group III,
but a 51% decrease was observed in group IV with
SS supplementation. The activity of GLDH in group
IV (with SS supplementation only) was reduced by
37% but increased by 41% and 22% in groups II and
III, respectively, when compared to group I. AST and
GLDH enzymes play a role in ammonia and energy
homeostasis. Elevated enzyme activity may indicate
tissue damage or disease (Giffen et al., 2002).

As a result of decreased energy metabolism, the
tissue activates protein breakdown mechanisms to
produce glucose from non-carbohydrate sources. This
is the body’s attempt to compensate for the energy
loss, as indicated by an increase in AST and GLDH
activity in arsenic-exposed groups. The ameliorative
actions of SS on the effects of arsenic-induced
testicular toxicity could apparently be based on
certain possibilities. The possibility of the formation
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Table 4: Effects of sodium selenite on some enzymes of TCA cycle and protein metabolism in testes of arsenic-
exposed rats.

Groups α-KGDH (U/mg protein) AST (U/mg protein) GLDH (U/mg protein)
I 70.95 ± 2.71c 1507.44 ± 141.13b 0.36 ± 0.06ab

II 11.52 ± 2.17a 1955.01 ± 79.31c 0.51 ± 0.10b

III 49.76 ± 6.02b 3556.45 ± 44.99d 0.44 ± 0.04b

IV 49.00 ± 2.36b 733.94 ± 115.03a 0.23 ± 0.03a

All values are expressed as mean ± SEM. Values with different superscripts indicate significant differences
(p < 0.05) down the column.

of inactive complexes of As-Se, Se antioxidant
bolstering ability, and fast excretion of methylated As
species (Zwolak, 2020).

4 Conclusion
In summary, this research corroborates the use of SS
against SA-induced testicular toxicity by ameliorating
the effects of SA on the activities of XO, hexokinase,
aldolase, LDH, α-KGDH, AST, and GLDH, as well as
the testicular levels of NO and H2S. This research
supports the use of SS as a safe remedy for the
treatment of SA-induced testicular toxicity.

References
Afolabi, O. K., Wusu, A. D., Ogunrunola, O. O.,
Abam, E. O., Babayemi, D. O., Dosumu, O. A.,
Onunkwor, O. B., Balogun, E. A., Odukoya, O. O., &
Ademuyiwa, O. (2015). Arsenic-induced dyslipidemia
in male albino rats: Comparison between trivalent
and pentavalent inorganic arsenic in drinking water.
BMC Pharmacology and Toxicology, 16, 1-15.

Ahoule, D. G., Lalanne, F., Mendret, J., Brosillon,
S., & Maiga, A. H. (2015). Arsenic in African waters:
A review. Water, Air, and Soil Pollution, 226, 1-13.

Arshad, M. A., Ebeid, H. M., & Hassan, F. U. (2021).
Revisiting the effects of different dietary sources of
selenium on the health and performance of dairy
animals: A review. Biological Trace Element Research,
199(9), 3319-3337.

Aslanturk, A., Uzunhisarcikli, M., Kalendar, S., &
Demir, F. (2014). Sodium selenite and vitamin E in
preventing mercuric chloride induced renal toxicity in
rats. Food and Chemical Toxicology, 70, 185-190.

Babayemi, D. O., Adeyi, O. E., Akinhanmi, T. F.,
Onunkwor, B. O., Akamo, A. J., Akanni, O. I., Keyede,
O. O., Adeleke, M. A., Michael, M. O., Idhove, F. E.,
Mukaila, S. A., & Ademuyiwa, O. (2022). Sodium
selenite abrogates the effects of arsenic toxicity on

organ injury biomarkers in the blood. Journal of
Chemical Society of Nigeria, 47(4), 730-738.

Bergmeyer, H., Gawehn, K., & Grassl, M. (1974).
Methods of enzymatic analysis (Vol. 1). In H. U.
Bergmeyer (Ed.), Methods of Enzymatic Analysis (pp.
521-522). Verlag Chemie.

Borgmann, U., Moon, T. W., & Laidler, K. J.
(1974). Molecular kinetics of beef heart lactate
dehydrogenase. Biochemistry, 13, 5152-5158.

Chen, H., Liu, G., Qiao, N., Kang, Z., Hu, L., Liao,
J., Yang, F., Pang, C., Liu, B., Zeng, Q., & Li, Y. (2020).
Toxic effects of arsenic trioxide on spermatogonia
are associated with oxidative stress, mitochondrial
dysfunction, autophagy, and metabolomic alterations.
Ecotoxicology and Environmental Safety, 190, 110063.

Darbandi, M., Darbandi, S., Agarwal, A., Sengupta,
P., Durairajanayagam, D., Henkel, R., & Sadeghi,
M. R. (2018). Reactive oxygen species and male
reproductive hormones. Reproductive Biology and
Endocrinology, 16, 1-14.

Dutta, S., Sengupta, P., & Samrot, A. V. (2024).
Physiological and pathological functions of reactive
nitrogen species (RNS) and reactive sulphur species
(RSS) on male reproductive functions. Journal of
Integrated Science and Technology, 12(3), 755-755.

Fukushi, A., Kim, H. D., Chang, Y. C., & Kim,
C. H. (2022). Revisited metabolic control and
reprogramming cancers by means of the Warburg
effect in tumor cells. International Journal of
Molecular Sciences, 23(17), 1003.

Giffen, P. S., Pick, C. R., Price, M. A., Williams, A., &
York, M. J. (2002). Alpha-glutathione S-transferase in
the assessment of hepatotoxicity: Its diagnostic utility
in comparison with other recognized markers in the
Wistar Han rat. Toxicologic Pathology, 30(3), 365-372.

Gwaltney-Brant, S. M. (2013). Heavy metals.
In Haschek and Rousseaux’s Handbook of Toxicologic
Pathology (pp. 1315-1347). Academic Press.

39



GVU JOURNAL OF SCIENCE, HEALTH AND TECHNOLOGY
Vol. 9(1), 2024; 35-40

p-ISSN: 2536-6866
e-ISSN: 2659-1529

Babayemi et al (2024)

Hariharan, S., & Dharmaraj, S. (2020). Selenium
and selenoproteins: Its role in regulation of
inflammation. Inflammopharmacology, 28, 667-695.

Jagannathan, V., Singh, K., & Damodaran, M.
(1956). Carbohydrate metabolism in citric acid
fermentation. 4. Purification and properties of
aldolase from Aspergillus niger. Biochemical Journal,
63(1), 94-105.

Machado-Neves, M., & Souza, A. C. F. (2023).
The effect of arsenical compounds on mitochondrial
metabolism. In Mitochondrial intoxication (pp. 379-
407). Academic Press.

Matschullat, J. (2000). Arsenic in the geosphere:
A review. Science of the Total Environment, 249(1-3),
297-312.

Mela, L., & Seitz, S. (1979). Isolation of
mitochondria with emphasis on heart mitochondria
from small amounts of tissue. In Methods in
Enzymology (Vol. 55, pp. 39-46). Academic Press.

Mojapelo, M. M., & Lehloenya, K. C. (2019).
Effect of selenium supplementation on attainment of
puberty in Saanen male goat kids. Theriogenology,
138, 9-15.

Pisoschi, A. M., & Pop, A. (2015). The role of
antioxidants in the chemistry of oxidative stress: A
review. European Journal of Medicinal Chemistry, 97,
55-74.

Rahman, M. M., Hossain, K. F. B., Banik, S., Sikder,
M. T., Akter, M., Bondad, S. E. C., Rahaman, M.
S., Hosokawa, T., Saito, T., & Kurasaki, M. (2019).
Selenium and zinc protections against metal-(loids)-
induced toxicity and disease manifestations: A review.
Ecotoxicology and Environmental Safety, 168, 146-163.

Reed, L. J., & Mukherjee, B. B. (1969). α-
ketoglutarate dehydrogenase complex from
Escherichia coli. Methods in Enzymology, 13, 55-
61.

Reitman, S., & Frankel, S. (1957). A colorimetric
method for the determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminases.
American Journal of Clinical Pathology, 28(1), 56-63.

Saikiran, G., Mitra, P., Sharma, S., Kumar, P.
K., & Sharma, P. (2022). Selenium, oxidative
stress and inflammatory markers in handicraft
workers occupationally exposed to lead. Archives of
Environmental & Occupational Health, 77(7), 561-
567.

Souza, A. C. F., Bastos, D. S. S., Sertorio, M. N.,
Santos, F. C., Ervilha, L. O. G., de Oliveira, L. L.,

& Machado-Neves, M. (2019). Combined effects of
arsenic exposure and diabetes on male reproductive
functions. Andrology, 7(5), 730-740.

Srasketa, A., Gonzalez-Moro, M. B., Gonazalez-
Murua, C., & Marino, D. (2014). Exploring
ammonium tolerance in a large panel of Arabidopsis
thaliana natural accessions. Journal of Experimental
Botany, 65(20), 6023-6033.

Srivastava, D., Subramanian, R. B., Madamwar,
D., & Flora, S. J. S. (2010). Protective effects of
selenium, calcium and magnesium against arsenic-
induced oxidative stress in male rats. Arhiv za
Higijenu Rada i Toksikologiju, 61(2), 153-158.

Stiburkova, B., Pavelcova, K., Petru, L., &
Krijt, J. (2018). Thiopurine-induced toxicity is
associated with dysfunction variant of the human
molybdenum cofactor sulfurase gene (xanthinuria
type II). Toxicology and Applied Pharmacology, 353,
102-108.

Tsikas, D. (2005). Methods of quantitative analysis
of the nitric oxide metabolites nitrite and nitrate in
human biological fluids. Free Radical Research, 39(8),
797-815.

Zhang, J., Ma, L., Li, B., Chen, X., Wang, D., &
Zhang, A. (2023). Identification of biomarkers for
risk assessment of arsenicosis based on untargeted
metabolomics and machine learning algorithms.
Science of The Total Environment, 870, 161861.

Zhu, Y. Z., Wang, Z. J., Ho, P., Loke, Y. Y., Zhu,
Y. C., Huang, S. H., Tan, C. S., Whiteman, M., Lu,
J., & Moore, P. K. (2007). Hydrogen sulfide and its
possible roles in myocardial ischemia in experimental
rats. Journal of Applied Physiology, 102(1), 261-268.

Zwolak, I. (2020). The role of selenium in arsenic
and cadmium toxicity: An updated review of scientific
literature. Biological Trace Element Research, 193(1),
44-63.

40


