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Introduction: Arsenic is a potent environmental toxin associated with 

male infertility. Taurine (TAU) has been demonstrated to regulate 

oxidative stress biomarkers and improve mitochondrial function. 

Materials and Methods: It evaluated the hypothesis that TAU could 

recover spermatogenesis dysfunction in an arsenic-treated rat model. 

Then, 24 adult male rats were challenged as follows (n=6/group) for 35 

consecutive days: control (distilled water; gavage); 3 mg/l/day sodium 

arsenite; TAU (1000 mg/kg; 14) during arsenic exposure; and TAU 

during the study period. 24 h after the last treatment, animals were 

euthanized, serum samples were processed for assessing sex hormone 

levels, and testes were processed for weight, oxidative stress indices, 

histopathology, and RNA extraction for expression levels of autophagic 

marker genes. 

Results: Arsenic causes defective pathologic effects, and upregulates 

autophagic marker gene expression and production of free radicals. 

TAU exposure notably ameliorated the autophagy dysregulation through 

downregulation of the autophagic genes by inhibition of oxidative 

changes.  

Conclusion: This study presents a novel scientific approach to arsenic 

spermatogenesis dysfunction, attributed to TAU’s antioxidant activity. 
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Introduction 

About 200 million people worldwide are 

exposed to heavy metals such as arsenic 

trioxide, mainly in developing countries, via 

contaminated drinking water, soil, and air in 

methylated arsenic species [1]. Arsenic 

poisoning is a global health concern and is 

well-known for impaired semen quality and 

male reproductive toxicity. However, the 

precise mechanisms underlying its toxicity in 

the induction of testicular histopathological 

lesions and autophagosome degradation were 

still unclear. 

Arsenic material is caused by the 

overproduction of reactive oxygen species 

(ROS) [2] and discharge or reduction of 

cellular antioxidants, finally causing an 

imbalance of oxidative state, promoting 

testicular tissue lesions [3], which leads to 

idiopathic infertilities [4, 5]. 

Pharmacological studies of Taurine 

(C₂H₇NO₃S; TAU) have demonstrated that its 

active components exhibit antioxidant and 

anti-inflammatory activities [6, 7]. TAU has 

been shown to have beneficial effects such as 

reducing inflammation and oxidative damage 

in organisms exposed to stressors and toxic 

substances [8], by stabilizing biological 

membranes, scavenging free radicals, and 

inhibiting specific enzymes responsible for 

ROS generation [9]. TAU has been proven to 

be biosynthesized in the reproductive system 

of male animals. It can promote the endocrine 

function of the hypothalamus-pituitary-testis 

axis (HPT), Spermatogenesis and maturation, 

testicular tissue development, maintain the 

homeostasis of the testicular environment, and 

enhance sexual ability [10]. Adedara et al. [11] 

described related mechanisms that include 

increased antioxidant capacity, reduced 

oxidative stress, restored the secretory activity 

of the HPT axis, inhibited inflammation and 

apoptosis, enhanced sperm mitochondrial 

energy metabolism, cell membrane 

stabilization effect, etc. 

Some reports have suggested that TAU is 

regarded as a cytoprotective molecule due to 

its ability to upregulate antioxidant responses, 

maintain glutathione stores, increase 

membrane stability, and reduce inflammation, 

which may be linked to the improvement of 

fertility [12]. Yahyavy et al. [13] showed that 

TAU induces autophagy and suppresses 

apoptosis in TM3 cells, which are the primary 

testosterone-producing cells in the testes. This 

increasing autophagy is accompanied by 

increasing testosterone levels and reducing 

oxidative stress. 

Our investigation tested the hypothesis that 

TAU protects testes injured with arsenic 

toxicity through downregulation of the 

autophagic genes by inhibition of oxidative 

changes. Thus, this study provides a new 

scientific approach concerning arsenic 

spermatogenesis dysfunction, due to TAU 

antioxidant activity. 

Materials and Methods 

Chemicals 

TAU was purchased from Sigma-Aldrich 

(Taufkirchen, Germany). The enzyme-linked 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
11

i4
.2

00
88

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
l.s

su
.a

c.
ir

 o
n 

20
25

-1
2-

12
 ]

 

                             2 / 14

http://dx.doi.org/10.18502/ijml.v11i4.20088
https://ijml.ssu.ac.ir/article-1-544-en.html


TAURINE CAN PROTECT AGAINST ARSENIC-INDUCED REPRODUCTIVE TOXICITY 

 

306 International Journal of Medical Laboratory 2024;11(4):304-317.  

immunosorbent assay kits to evaluate 

oxidative stress indices (ROS and 

malondialdehyde) and sex hormonal levels 

including follicle stimulating hormone (FSH), 

luteinizing hormone (LH), and testosterone 

were purchased from Cosmo Bio Co. (Japan).  

Animals and treatments 

Adult male Sprague Dawley rats (220-230 g; 

8-week-old), which were purchased from the 

Pasteur Institute of Iran (Karaj, Iran), were 

housed in standard conditions of the animal 

room with free access to food and water. Then, 

24 adult male rats were challenged as follows 

(n=6/group) for 35 consecutive days: control 

(distilled water; gavage); 3 mg/l/day sodium 

arsenite [14]; TAU (1000 mg/kg; [15]) during 

arsenic exposure; and TAU during the study 

period. 

Sampling 

The body weight and food/water consumption 

per animal were recorded weekly. 24 h after 

the last treatment, animals were euthanized (by 

anesthesia with 0.64 mg/kg xylazine and 20 

mg/kg ketamine (Alfasan, Woerden, the 

Netherlands)), weighed on a 1-mg digital 

assay balance; serum samples were processed 

for assessing sex hormone levels and testes 

were processed for weight, oxidative stress 

indices, histopathology, and RNA extraction 

for expression levels of autophagic marker 

genes.  

Sex, hormonal, and sperm analysis 

Blood was obtained from the tail vein and 

collected in vacuum tubes (non-heparinized). 

The serum was separated by centrifugation 

(4000 g for 10 min), stored at −20 °C, and 

evaluated by radioimmunoassay (kit of 

Monobind Inc., RIA-1000, Technicon) as 

recommended by the manufacturer. 

Initially, the whole epididymis and testis were 

separated, and the length, height, and width of 

the testis were measured using a caliper. The 

entire testis was then fixed in 10% buffered 

neutral formalin. After the left cauda 

epididymides were removed from the rat, they 

were cut into 2–3 pieces, placed in a cell-

culture dish (diameter 35 mm), and 

supplemented with 1 mL of preheated saline 

solution at 37 °C. The sperm (spermatozoa) 

count, motility, and asthenozoospermia were 

measured as reported in the previous study 

from our laboratory [16]. 

Oxidative stress levels 

Briefly, the ROS level was assessed using 2,7-

dichlorofluorescin dictate using assay kits with 

a fluorescence spectrophotometer (NanoDrop 

2000, Thermo Fisher Scientific, Waltham, 

MA, USA). 150 mg testis tissue was pre-

incubated with DCFH-DA (70 min at 37 °C). 

The conversion of DCF (green fluorescence, λ 

emission=525 nm) to DCFH (λ excitation=485 

nm) was evaluated using a fluorescence 

spectrophotometer. The level of 

malondialdehyde was measured using 

commercial kits (absorbance of each 

parameter was monitored at 532 nm). 

Histological and stereological study 

The testes were fixed in Bouin’s solution for 

24 h, dehydrated in a series of graded ethanol, 

and embedded in paraffin, then they were cut 

into 5-μm sections using a Leica slicer (Leica, 

Inc., Germany) and stained with a hematoxylin 

and eosin kit according to the manufacturer’s 

instructions. An optical microscope was used 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
11

i4
.2

00
88

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
l.s

su
.a

c.
ir

 o
n 

20
25

-1
2-

12
 ]

 

                             3 / 14

http://dx.doi.org/10.18502/ijml.v11i4.20088
https://ijml.ssu.ac.ir/article-1-544-en.html


S. Saeedi et al.  

 

International Journal of Medical Laboratory 2024;11(4):304-317. 307 

to observe histopathological changes 

(Olympus, Tokyo, Japan). Ten visual fields 

per slide and six sections per group were 

selected randomly for analysis under 40× 

magnification. 

The diameter of seminiferous tubules, sperm 

mass, cellular layers of seminiferous tubules, 

and Leydig cell necrosis in the testis were 

measured using the version 9 stereo-

investigator system (MBF Bioscience, Micro 

Bright Field, Inc., Germany) using the method 

described by Olfati et al. [16]. 

Determination of autophagic vacuoles 

We analyzed autophagic vacuoles by 

monodansylcadaverine staining (MDC, a 

selective fluorescent marker). After staining, 

sections are dehydrated and cleared, and then 

stained with a 50 mM/L MDC fluorescent dye 

(45 min at 37 °C) in the dark. The stained 

samples were washed with phosphate-buffered 

saline (5 times 5 min each) in the dark and 

then allowed to dry at an ambient temperature 

to remove unbound antibodies. To inhibit 

fluorescence fading, de-paraffinized tissue was 

treated with HistoChoice® clearing agent. 

Finally, the optical intensity of autophagic 

vacuoles was examined by fluorescence 

microscopy (IX-71 or IX70; Olympus, Tokyo, 

Japan). 

Quantitative reverse transcription 

polymerase chain reaction (QRT-PCR)  

Total RNA was isolated from testes (weighing 

30 mg) using the Trizol reagent according to 

the manufacturer’s protocol (Dena Zist Asia, 

Mashhad, Iran). 2% agarose gel 

electrophoresis was used to assess the integrity 

of total RNA, and the A260/280 ratio was in 

the range of 1.8–2.0, as evaluated by 

NanoDrop 2000 (Thermo Fisher, USA) at 260 

and 280 nm. RNA was reverse transcribed 

using a PrimeScriptTM RT Master Mix kit 

(Biofact™ Co, Yuseong GU, Daejeon, Korea). 

QRT-PCR was carried out using the 

QuantStudio 7 Flex qRT-PCR system 

(Applied Biosystems, Foster, CA, USA) and 

SYBR@ Premix Ex TaqTM II kit. Specific 

primers were provided by Invitrogen, USA 

(Table 1). The thermocycling conditions were 

as follows: After initial denaturation at 95 °C 

for 120s, 40 amplification cycles were 

performed at 95 °C for 15s, 60 °C for 30s; 

Finally, 95 °C for 1 min, 55 °C for 30s, and 

95 °C for 30s. The 2-ΔΔCt method was used to 

analyze the data, calculating the relative 

quantity of target nucleic acids.  

Statistical analysis   

Data were analyzed using the MIXED 

procedure of SAS 9.4. Data were reported as 

least squares means, and the Tukey-Kramer 

adjustment was applied to account for multiple 

comparisons. The PDIFF procedure of SAS 

was used to separate treatment means. Data 

comparisons were conducted using a one-way 

analysis of variance (ANOVA) followed by 

the Tukey-Kramer multiple comparison test. 

Results 

The results related to food intake, body, and 

testis weights of rats are presented in Table 2. 

No differences between experimental groups 

were found in these measures between rats 

during the experiment (p > 0.05). Effects of 

orally administered TAU on the sperm quality 

and sex hormone levels are presented in Table 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
11

i4
.2

00
88

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
l.s

su
.a

c.
ir

 o
n 

20
25

-1
2-

12
 ]

 

                             4 / 14

http://dx.doi.org/10.18502/ijml.v11i4.20088
https://ijml.ssu.ac.ir/article-1-544-en.html


TAURINE CAN PROTECT AGAINST ARSENIC-INDUCED REPRODUCTIVE TOXICITY 

 

308 International Journal of Medical Laboratory 2024;11(4):304-317.  

3. Animals exposed to arsenic showed lower 

sperm indices (such as spermatozoa count, 

viability, and motility) and sex hormone levels 

(LH and testosterone) (p < 0.05).  

Data demonstrated that arsenic exposure 

significantly increased the production of 

oxidative stress markers (like ROS and 

malondialdehyde) in testis tissue (Table 4; 

p<0.05). The effects of TAU of the diet during 

the study period resulted in a recovery to 

levels equivalent to the non-arsenic group. 

Arsenic causes defective pathologic effects, 

including a decrease in the diameter of 

seminiferous tubules and germinal epithelium 

height, a decrease in Sertoli cell numbers and 

Leydig cell area, and a decrease in sperm mass 

entering the channel (Fig.1; p < 0.05). Also, 

the mean Leydig cell necrosis in the arsenic-

treated group was higher than in the other 

groups (p < 0.05). The administration of TAU 

significantly improved histopathology changes 

in testis tissue (p < 0.05).  When the cells were 

viewed, MDC-labeled autophagic vacuoles 

appeared as distinct dot-like structures 

localizing in the perinuclear regions or 

distributed within the cytoplasm (Fig. 2). An 

increase in the number of MDC-labeled 

vesicles following exposure to arsenic was 

observed. In the no-sodium arsenite groups, 

histopathological sections were normal 

(completely) in all groups (Fig. 3). Meanwhile, 

arsenic exposure caused testicular damage and 

the walls of seminiferous tubules, shrinkage of 

the basal lamina, and congested blood vessels. 

At the same time, gene expression analysis for 

assays related to programmed cell survival or 

autophagy was examined by QRT-PCR (Fig. 

4). The results showed that autophagic 

expression of markers was upregulated in the 

testis of arsenic-exposed groups (p < 0.05). 

In sum, a TAU supplementation (1000 mg/kg 

for 35 consecutive days) produced the best 

therapeutic effect, resulting in recovery of sex 

hormone levels, repair of testicular tissue, and 

a reduction in death gene levels, plus a 

considerable improvement in testis tissue gene 

expression. 

Discussion 

The prevalence of infertility is increasing 

worldwide. Meanwhile, toxic metals cause a 

wide range of adverse effects on health, with one 

of them being a decrease in fertility. Nowadays, 

autophagy assessments in rodents pose a 

significant challenge due to the increasing 

ecotoxicological data on the impact of toxic 

metals on the male reproductive system. 

Environmental exposures to heavy toxic metals 

are implicated in infertility development. In 

2024, some studies have been conducted to 

evaluate the potential adverse effects of sodium 

arsenite on reproductive health [3, 17, 18], 

specifically by increasing adrenocortical activity, 

particularly in its inorganic form (or “man-

made”). Laboratory analysis of testis tissue has 

demonstrated that malondialdehyde and ROS are 

predictors of arsenic damage risk after 

adjustment for potential baseline blood factors. 

Oxidative stress, through binding to the thiol 

groups of biomolecules [19], metabolic 

inhibition, genotoxicity, and epigenetic 

alterations, such as microRNA-dependent 

regulation, are some of the underlying 

mechanisms of arsenic toxicity [1]. 
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Table 1. Primer sequences and product size of target genes for quantitative reverse transcription polymerase chain 

reaction 

Genes GenBank access No.    Primer sequence (5’-3’) Product size (bp) 

β-actin (housekeeping gene) NM_007393.5 F: AGACTTCGAGCAGGAGATGG  233 

  R: GCACTGTGTTGGCATAGAGG   

LC3 NM_026160.4 F: GATAATCAGACGGCGCTTGC  99 

  R: ACTTCGGAGATGGGAGTGGA   

Atg7 
NM_001253717.1 

F: TGTGGCTAGGACACTGATGG  
83 

 R: TCACGGGATTGGAGTAGGAG  

Atg13 NM_145528.3 F: TGGCGGAAGATTTGGACTCC  84 

  R: GGGTTTCCACAAAGGCATCG   

Atg14 NM_172599.4 F: CTGGCCTTGTCACCATATCC  120 

  R: GCAGGCAAAGTACCAACCAC   

p62 NM_001290769.1 F: ACAGCCAGAGGAACAGATGG  240 

  R: GGAGGGTGCTTCGAATACTG   

Beclin1 
NM_019584.3 

F: CTCTGAAACTGGACACGAGC  
124 

 R: CCTGAGTTAGCCTCTTCCTCC  

Rubicon 
NM_001200038.1 

F: TGTGGAAGGTTTGGTGTCAG  
108 

 R: TGGATGAGCCCATGATACAG  

 

 

Table 2. Effect of sodium arsenite and taurine on food intake, body, and testis weight in an arsenic-treated rat model 

(means±S.D. of 6 rats) 

Groups Food intake (g) Body weight (g) Testis weight (mg) 

  Day 
Right Left 

  0 15 35 

Control 6.73±0.89 198.83±10.57 245.83±12.3 278.55±11.7 1344.17±34.62 1380.17±51.4 

Sodium arsenite 5.51±0.65 208.33±3.55 245.17±5 263.18±4.7 1353.33±39.7 1358.33±44.31 

Sodium 

arsenite+Taurine 
6.98±0.78 206.67±9.22 240.33±7.13 270.63±6.9 1331.67±29.75 1384.33±34.08 

Taurine 6.05±0.59 204.17±10.9 254.33±10.46 287.6±6.35 1358.17±32.3 1394.17±26.76 

Sodium arsenite (3 mg/l/day, gavage); Sodium arsenite + Taurine (taurine 1000 mg/kg of the diet during arsenic 

exposure); Taurine (1000 mg/kg of the diet during the study period). 

 

 

Table 3. Effect of sodium arsenite and taurine on sperm quality and sex hormones level in an arsenic-treated rat 

model (means±S.D. of 6 rats) 

Groups Sperm  Hormone  

 Spermatozoa (×106) Viability (%) Motility (%) 
Testosterone 

(nmol/L) 
FSH (IU/mL) LH (IU/mL) 

Control 38.22±0.89 a 76.16±0.52 a 70.73±0.43 a 1.33±0.15 a 1.44±0.19 1.85±0.12 a 

Sodium arsenite 20.65±0.38 b 35.44±0.13 b 29.30±0.33 b 0.31±0.06 b 1.26±0.04 1.12±0.07 d 

Sodium arsenite+Taurine 41.19±0.38 a 78.00±0.27 a 74.14±0.38 a 1.45±0.08 a 1.53±0.11 1.80±0.21 ab 

Taurine 33.12±0.18 a 67.05±0.61 a 65.20±0.64 a 1.23±0.17 a 1.43±0.08 1.46±0.05 bc 

Sodium arsenite (3 mg/l/day, gavage); Sodium arsenite + Taurine (taurine 1000 mg/kg of the diet during arsenic 

exposure); Taurine (1000 mg/kg of the diet during the study period). The same superscripts (a-c) are not 

significantly different from each other in each column (p<0.05). 
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Table 4. Effect of sodium arsenite and taurine in the diet on oxidative stress levels in an arsenic-treated rat model 

(means±S.D. of 6 rats) 

Groups 
Reactive oxygen 

species (×105) 

Malondialdehyde 

(nmol/mg protein) 

Control 1.13±0.25 b 2.16±0.58 b 

Sodium arsenite 2.39±0.83 a 10.9±1.27 a 

Sodium arsenite+Taurine 1.01±0.48 b 2.22±0.13 b 

Taurine 1.24±0.19 b 1.99±0.17 b 

Sodium arsenite (3 mg/l/day, gavage); Sodium arsenite + Taurine (taurine 1000 mg/kg of the diet during arsenic 

exposure); Taurine (1000 mg/kg of the diet during the study period). The same superscripts are not significantly 

different from each other in each column (p<0.05). 

 

 

Fig. 1. Stereology of the testicular components after arsenic and taurine treatments for 35 days. Graphs show 

mean± S.D.; Letters indicate that treatments differ p<0.05 within each group. Control; sodium arsenite (AS; 3 

mg/l/day, gavage); AS + TAU (taurine 1000 mg/kg of the diet during arsenic exposure); TAU: 1000 mg/kg of 

the diet during the study period). 

 

 

Fig. 2. Qualitative monodansylcadaverine staining (MDC)-labeled autophagic vacuoles in the rat testis (400× 

magnification, bar = 100 µm) 
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Fig. 3. Testicular histological structure after arsenic and taurine treatments for 35 days (×60) 

 

 

 

Fig. 4. mRNA expression levels as detected by quantitative reverse transcription polymerase chain reaction. 

Graphs show mean±SEM (n = 6); Letters indicate that treatments differ by p<0.05 within each group. Sodium 

arsenite (AS; 3 mg/l/day, gavage); AS+TAU (taurine 1000 mg/kg of the diet during arsenic exposure); TAU: 

1000 mg/kg of the diet during the study period. 
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The sperm quality analysis revealed that the 

testis is a target organ of arsenic. Our findings 

showed that rats exposed to arsenic have 

statistically lowered semen quality, including 

spermatozoa, viability, and motility, and 

reduced testosterone levels. In all animals, 

sperm production passes through four stages: 

1) establishment of the germline, 2) 

proliferation of germ cells, 3) production of 

spermatids by meiosis, and 4) differentiation 

of mature sperm. At an appropriate time, 

spermatids undergo spermiogenesis [20]. At 

any stage of cell differentiation, disruption of 

Spermatogenesis may result in a decreased 

total spermatogenic cell count [21]. Our data 

showed that chemotherapeutic drugs can 

penetrate through the rat blood-testis barriers 

into reproductive tissue and can, at least, have 

an impact on sperm vitality, and finally cause 

disruption and reduction of Spermatogenesis. 

Results close to the results of this study have 

also been obtained in various previous studies. 

Krzastek et al. [22] demonstrated that arsenic 

inhibits 3β-hydroxysteroid dehydrogenase, 

which plays a crucial role in steroidogenesis. 

In the current study, this may be reversible 

with taurine antioxidant properties that may be 

protective against ROS. Rachamalla et al. [23] 

showed that arsenic exposure negatively 

affected male reproductive systems by 

lowering accessory organ and testicular 

weights, and sperm counts, increasing sperm 

abnormalities, and causing apoptotic cell death 

in Leydig and Sertoli cells, which resulted in 

decreased testosterone synthesis. Recently, 

Akhigbe et al. [24] found out that this may be 

due to its ability to bioaccumulate, evidenced 

by the observed rise in urinary levels of total 

arsenic. Spermatogenesis and steroidogenesis 

are regulated by a master switch (GnRH pulse 

generator), under the control of which the two 

separate feedback systems provide 

independent control of androgen (LH–

testosterone) and sperm production (FSH–

inhibin) [25]. Interestingly, a hormonal 

analysis revealed that testosterone and LH 

(both playing evolutionary roles in 

maintaining Spermatogenesis) were 

significantly decreased in the arsenic-injured 

groups as compared to the vehicle group (p < 

0.05). Spermatogenesis is a fundamental 

process of proliferation and differentiation of 

germ cells into spermatozoa, which is 

dependent on androgens produced locally in 

response to LH. Testosterone, as the major 

androgen in the testis, is essential for the 

regulation of the development, growth, and 

metabolism of the male reproductive system 

[15]. However, the serum FSH produced by 

the adenohypophysis did not show significant 

changes. A likely explanation is that the 

hormones acted by stimulating spermatogonia 

proliferation and Sertoli cell function, thereby 

restoring tubular activity. The decreases in 

circulating testosterone and LH after 

tamoxifen citrate exposure may also be related 

to the main mechanisms: chemotherapeutic 

drugs can affect the HPT axis, especially the 

anterior pituitary, by altering sex hormone 

secretion and cellular activity. 

In the development and regulation of the male 

reproductive system, the HPT axis plays a 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
11

i4
.2

00
88

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
l.s

su
.a

c.
ir

 o
n 

20
25

-1
2-

12
 ]

 

                             9 / 14

http://dx.doi.org/10.18502/ijml.v11i4.20088
https://ijml.ssu.ac.ir/article-1-544-en.html


S. Saeedi et al.  

 

International Journal of Medical Laboratory 2024;11(4):304-317. 313 

critical role [26]. In conclusion, the 

reproductive toxicity of arsenic is associated 

with disturbances in the spermatogenesis rate, 

changes in the gonadal internal environment 

(including hormone synthesis rates), and 

testicular damage in reproductive target 

tissues. TAU is the most abundant free amino 

acid in the human body. Many physiological 

roles are attributed to this amino acid. For 

some biological preparations, the use of TAU 

therapy has achieved better efficacy on human 

health and potential fertility issues, possibly by 

minimizing oxidative stress [27]. Recently, 

Davari Zanjani et al. [28] reported that TAU 

can be proposed as a potential treatment drug 

for acrylamide-induced infertility through 

regulating autophagy-related genes in oocytes.  

TAU supplementation may be favorable due to 

its cytoprotective properties and potential 

systemic antioxidant effects, as suggested by 

previous studies [29, 30]. A line linking the 

current study to TAU has shown that TAU 

decreases ROS production, suggesting that it 

might influence risk factors of oxidative stress 

by protecting mitochondria against oxidative-

nitrosative stress [31]. 

In agreement with current data, some studies 

have shown that TAU supplements improve 

Spermatogenesis, and testicular tissue 

development, and maintain the homeostasis of 

the testicular environment through regular 

monitoring of endocrine hormones [11, 12]. 

Following these results, some researchers have 

speculated that the proposed mechanism of 

action is that TAU is present in mitochondria, 

which is considered the accountable organelle 

for sperm movement [32, 33]. 

TAU may act by increasing the presence of 

specific peptides or amino acids in the blood. 

Indeed, at the current study, TAU at 

1000 mg/kg of the diet during the study period 

showed a trend, but it was not enough to show 

significant improvements, maybe because 

TAU absorption through the digestive system 

is low. Autophagy is essential for male 

infertility, as it controls the development of 

germ cells, maintains cellular balance, and 

protects reproductive function by regulating 

the mTORC1-mTORC2 balance and 

promoting AKT/mTOR-mediated autophagy 

[34]. In the current study, a new approach was 

investigated, in which the upregulation of p62 

expression increases the autophagy rate 

through the upregulation of autophagy-related 

genes.  

Autophagy begins with the formation of 

autophagosomes, which envelop a part of the 

cytoplasm and deliver cytoplasmic 

components to the degradative organelle for 

subsequent recycling and breakdown [35-38]. 

As a result, all these consequences suggest that 

arsenic exposure induces the formation of 

autophagosomes in testicular cells, indicating 

that arsenic can enhance the formation of 

autophagosomes in the cytoplasm. The 

arsenic-induced impairment of the autophagic 

flux may be a kind of embodiment of arsenic 

toxicity. Apart from the formation of 

autophagosomes, another reason for 

autophagosome accumulation may be 

associated with the blockage of 

autophagosome degradation due to p62 

aggregation. TAU treatments blocked arsenic-

induced testis cell death. During TAU 
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treatments, the diffused distribution of MDC 

across the cytoplasm transformed into a dot-

like. Meanwhile, based on MDC and 

histopathology results, TAU therapy can 

elevate the autophagy pathway activity to 

survive stress and facilitate aggressiveness by 

suppressing stress responses and promoting 

metabolism and survival. In sum, arsenic 

exposure changes autophagy-related gene 

expression, and the effect of arsenic on 

autophagy-related genes can influence 

autophagosome degradation. Hence, it is 

recommended that future studies focus on the 

exact relationships between signaling 

pathways mediating autophagy in the male 

reproductive system. TAU can facilitate the 

fusion of autophagosomes with lysosomes by 

removing autophagic obstruction, thereby 

protecting against oxidative stress and 

potentially accelerating autophagy [28]. Apart 

from the results derived from research 

findings, key autophagic genes related to 

arsenic stress resistance were predicted, named 

p62. Results on stress resistance and 

comprehensive stress resistance opened a new 

window for future studies. In the current study, 

TAU administration significantly mitigated 

testis injury and increased blood serum sex 

hormone levels and relative expression of 

genes related to autophagy in arsenic-treated 

rats. From the above results, it was predicted 

that TAU administration has reversible and 

rapid antifertility effects on male reproductive 

function by interfering with the oxidative and 

steroidogenesis pathways to affect sperm 

production. Promising early results suggest 

that TAU supplementation exhibited a 

protective effect on the spermatogenic activity 

in an arsenic-treated damaged rat model, 

showing promise as a potential therapeutic 

agent. Limitations of this study included 

sample size, lack of prior research studies on 

the topic, and the measure used to collect the 

data. Since high arsenic levels can hurt both 

female and male fertility, more human studies 

are needed to support TAU as a viable 

treatment method for the improvement of 

reproductive damage. The information 

obtained in the rat model could stimulate the 

investigation of these non-proteinogenic amino 

acids, not only on their effects on male 

reproduction but also as a potential antioxidant 

with systemic activity. This could help to 

develop novel treatments and biotechnological 

applications both in human medicine and 

animal production. In a nutshell, arsenic 

exposure changes autophagy-related gene 

expression, and the effect of arsenic on the 

autophagy-related genes can influence 

autophagosome degradation. Hence, it is 

recommended that future experiments should 

focus on the exact relationships between 

signaling pathways mediating autophagy in the 

male reproductive system. 

Conclusion  

In fact, arsenic-induced testis cell death was 

blocked by TAU treatments. Meanwhile, 

based on histopathology results, TAU therapy 

can elevate the autophagy pathway activity to 

survive stress caused by heavy metals and to 

facilitate aggressiveness by suppressing stress 

responses (ROS production) and promoting 

metabolism and survival. The current study 
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revealed that arsenic exposure induced the 

formation of autophagosomes. And, data have 

indicated a new role of p62 in reducing 

chemosensitivity during arsenic toxicity. Thus, 

this study provides a new scientific approach 

concerning arsenic spermatogenesis 

dysfunction, due to TAU antioxidant activity. 
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