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Chemotherapy agents impose harmful side effects beside their therapeutic properties. This
study aimed to uncover the ameliorative effects of thiamine (VitB1) on sperm characteristics and
in vitro fertilizing ability in methotrexate (MTX) exposed mice. For this purpose, 36 apparently
healthy adult male mice were randomly divided into six groups (n = 6), including control (0.10 mL
normal saline per day; intraperitoneally [IP]), sham (10.00 mg kg! per week MTX; IP), positive
control group (100 mg kg1 per day VitB1; IP), and three experimental groups (25.00, 50.00, and
100 mg kg per day; IP VitB1 plus MTX, respectively; IP). Then, sperm parameters and the in vitro
fertilizing potentials were assessed. The sperm count, motility, and viability in the sham group
showed a significant decrease in comparison with the VitB1-treated and control groups. In the
VitB1 100 mg kg1 + MTX group, there was a significant increase in sperm count in comparison
with the sham group. The sperms with DNA damages and immature sperms in the sham group
significantly increased in comparison with the positive control and control groups. In vitro
fertilization and embryonic development in the sham group were decreased in comparison with
both the control and VitB1 groups. In VitB1 50.00 mg kg and 100 mg kg + MTX groups, there
was an increase in the fertilization rate, along with embryonic development promotion. According
to the results of this study, thiamine ameliorates toxic effects of MTX on sperm traits and in vitro

fertilizing potentials by constraining oxidative stress.

© 2025 Urmia University. All rights reserved.

Introduction

Since beginning of 20t century, the chemotherapy as a
choice of cancer treatment was commenced, and methods
of screening of chemicals for their carcinogenesis through
experimental methods in rodents were introduced.! Thus,
improvements in cancer treatment over the past few
decades have led to improved survival outcomes in
patients with malignant diseases. For men at any age, one
of the key concerns after cancer treatment is their ability
to procreate.2 Although different methods of treatments,
such as chemotherapy, are effective in the management of
different types of cancers, they may cause the death of
normal proliferating germ cells, severely impairing fertility
in an agent- and dose-dependent ways.?

Methotrexate (MTX; 4-amino-10-methylfolic acid) is a
folic acid antagonist that has the property of treating
cancer cells.# This drug competes with folic acid in cancer
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cells and induces cell death by triggering a cellular folic
acid deficiency.> The MTX can cause severe side effects in
different body tissues. Its toxicity has been reported in
various systems, including digestive, circulatory, and
central nervous systems.%7

In the reproductive system, especially testes, rapidly
dividing cells of germinal epithelium have been reported
to be affected by MTX, and for this reason, the side effects
in reproductive system, like testicular toxicity, are one of
the most significant factors of treatment failure.® There are
worries about men'’s fertility and the consequences in their
partner's pregnancy caused by the drug's noxiousness.
Methotrexate destroys or severely damages dividing cells,
a process that occurs continuously during sperm
production.” The MTX causes testicular toxicity through
oxidative stress or direct toxic effects. There have been
many case reports of reversible infertility in men who
have used MTX.10 Treatment with MTX leads to a sharp
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decrease in the sperm population, an increase in sperm
disorders, including malformed sperms and sperms DNA
breakages and damages.!! According to previous reports,
subsequent to MTX therapy, an increase occurs in intra-
cellular reactive oxygen species (ROS); therefore, oxidative
stress is one of the main consequence.l? The distinctive
plasma membrane structure of sperm contains significant
levels of polyunsaturated fatty acids, providing the
flexibility needed for the oocyte penetration. Free radicals
can easily attack this membrane structure.!®> Reduced
sperm motility appears to be due to a cascade of lipid
peroxidation, compromising the integrity of the cell
membrane, subsequently reducing fertility.1* Fortunately,
according to the reports, after ending the use of this drug,
compensation occurs; thus, quantity and quality of sperm
more likely return to the normal levels.1>

Thiamine (VitB1) is an essential micro-nutrient for
mammals and is found in abundance in some foods. This
water-soluble vitamin is commercially manufactured as a
food supplement or medicine.1617 As a result of cellular
phosphorylation, VitB1 is converted into thiamine
pyrophosphate and participates in cellular enzymatic
processes related to carbohydrate, lipid, and branched
amino acid metabolism as a cofactor. In addition to its vital
role in energy metabolism, it also has catalytic activity in
hexose-monophosphate pathways.!® Therefore, this
substance acts as an auxiliary agent and energy source for
many cellular enzymes, and also improves the level of
antioxidants by participating in the pentose phosphate
cycle that produces nicotinamide adenine dinucleotide
phosphate.18 Despite of its importance in oxidative
metabolism and as a metabolic requirement, the role of
this vitamin in spermatogenesis and male infertility has
not been investigated so far.18 The aim of this study was
to investigate the repro-protective effects of VitB1 on
the MTX-induced sperm and fertility disorders in adult
male mice.

Materials and Methods

Animal model. For this study, 36 adult male Balb/c
mice (weight: 25.00 - 30.00 g and age: 8 - 12 weeks) were
selected and randomly divided in to six groups. Initially,
mice were acclimated for one week before starting the 36-
day treatment protocol and all groups experienced equal
standard condition (23.00 + 3.00 °C, 12-hr light/dark cycle,
30.00 to 60.00% humidity, and ad libitum food and water.
All procedures were performed on animals in accordance
with the guidelines of the Ethics Committee of the Urmia
University, Urmia, Iran (IR-UU-AEG-3/63).1° The VitB1
provided from Rooyan Darou Co. (Tehran, Iran) and MTX
manufactured by Kogak Pharmaceuticals Ltd. (Istanbul,
Tiirkiye) were used in this study. Treatments in six groups
(each with six mice) were as follows: Healthy control group
was received 0.10 mL normal saline intraperitoneally

(IP), sham group was received MTX (10.00 mg kg per
week; IP),11 positive control group was received only VitB1
(100 mg kg1 per day; IP), and three experimental groups
were received MTX (10.00 mg kg per week; IP) plus
25.00, 50.00, and 100 mg kg! per day; IP VitB1,
respectively.?0 For malondialdehyde (MDA) and total
antioxidant capacity (TAC) assessments, sperm quality
and quantity evaluation, and in vitro fertilization (IVF), 36
days after treatments, the animals were euthanized with
ketamine overdose (100 mg kg1), and their left testicles
were dissected out and stored at - 70.00 °C until
commence of aforementioned analyses.

Preparation of cauda epididymis’s sperms. To
extract sperm from the testes, the abdominal skin was
sterilized with 70.00% ethanol. After opening the
abdominal cavity, the connective tissues surrounding the
testis were removed and the tail of each epididymis was
separated from the testes and placed in sterile tubes
containing 1.00 mL of human tubal fluid (HTF; Sigma-
Aldrich, St. Louis, USA) containing bovine serum albumin
(BSA; 4.00 mg mL1), previously incubated for
equilibration. The sperms were incubated in a CO2
incubator at 37.00 ° C. After 30 min, the sperms were
released and dispersed in the culture medium (Origio,
Malgv, Denmark).2!

Sperm count. Ten microliters of diluted sperms (1:20)
were placed on a Neubauer slide and the number of
sperms observed by a light microscope was counted at
400 x magnification. The number of sperms was calculated
according to the following formula:

Number of sperms =n x 50,000 x d

where, n is the number of sperms counted in five squares
of the Neubauer slide and d is the inverse dilution of the
suspension containing sperm (d = 20).

Sperm motility. Sperm mobility was evaluated
according to the World Health Organization standard
method for manual examination of sperm motility.
Accordingly, sperm samples were diluted (1 : 8) in culture
medium before testing. A volume of 20.00 pL of sperm
sample was placed in the sperm study area and examined
at 400x magnification. Only motile spermatozoa with
forward progression were counted and recorded in 10
fields. Finally, mobility was evaluated according to the
following method:22

Motility (%) = motile sperm/motile + non-motile sperm x 100

Sperm viability and morphology. Eosin-Nigrosin
staining was used to distinguish viable sperms from non-
viable ones. Dead spermatozoa are permeable to Eosin dye
due to the plasma membrane damage. For this purpose,
20.00 pL of sperms were mixed with 20.00 pL of Eosin
solution on the slide. After 30 sec, 20.00 pL of Nigrosin
solution was added to this mixture. After proper
incubation, sperm viability was checked using light
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microscopy at 400x magnification. The percentage of
Eosin-positive sperm in each sample was counted and
the percentage of survival was extracted. Both Aniline
Blue and Eosin-Nigrosin dyes were used to evaluate
sperm morphology. Sperms looked abnormal with
Aniline Blue staining were counted and the results were
expressed as a percentage. In Eosin-Nigrosine staining,
sperms contained cytoplasmic droplets were considered
as immature sperms.23

Immature sperms. Aniline Blue staining was used to
evaluate sperm nucleus maturity. In spermatogenesis,
chromatin histones are replaced by protamine in the
sperm nucleus. Immature sperms with histone residues
are stained with Aniline Blue, being an important indicator
of sperm maturity. Air-dried smears of sperm samples
were fixed with 3.00% formalin for 30 min. Then, the
slides were immersed in Aniline Blue (5 min). Alter that,
the slides were washed with distilled water and examined
with a light microscope at 400 x magnification. The
percentages of mature sperms (pale) and immature
sperms (grayish dark blue) were determined.2+

Sperm DNA damage. Acridine Orange staining was
used to assess any breaks in the double-stranded DNA
of mouse sperm. Desired smears of sperms were
prepared and dried, then fixed for 2 hr using Carnoy’s
solution, and stained with Acridine Orange (10 min).
After washing the slides with water, they were
examined with a fluorescence microscope (Nikon,
Tokyo, Japan) by a 460 nm filter and the results were
reported as percentage. Intact double-stranded DNA
showed a green fluorescent, while denatured single-
stranded DNA had a yellow to red color.24

In vitro fertilization. After 36 days, mice were
prepared for IVF and three mice from each group were
considered. To stimulate ovulation, 10 units of pregnant
mare's serum gonadotropin (Sigma-Aldrich) was [P
injected into each female mouse. After 48 hr, 10 units of
human chorionic gonadotropin (Sigma-Aldrich) was IP
injected. Twelve to fourteen hr after human chorionic
gonadotropin injection, female mice were euthanized,
their fallopian tubes were removed, and the ampullae
were dissected in a plastic container containing HTF
medium plus 4.00 mg kg! BSA. The cumulus masses
around the oocytes were separated and introduced into
the HTF medium plus 4.00 mg kg1 BSA. Fertilized sperm
micro-drops (1x106 sperm per mL) were prepared in HTF
plus 4.00 mg kg1 BSA, and 10 - 15 oocytes were placed in
each sperm micro-drop (150 pL). The fertilization process
was carried out by incubation for 4 to 6 hr at 37.00 °C
under 5.00% CO2. Then, denuded fertilized eggs were
transferred into the fresh drops of HTF plus 4.00 mg kg
BSA for embryo culture. All medium drops were covered
with mineral oil (Sigma-Aldrich), and fertilized oocytes
were evaluated for the appearance of pronuclei under
an inverted microscope at 200x magnification (IX70;

Olympus, Tokyo, Japan). Then, the zygotes were washed
three times with Potassium Simplex Optimized Medium
(KSOM), transferred to fresh KSOM, and cultured for
another five days at 37.00 °C under 5.00% COz2. After 24 hr,
the number of two-cell embryos was evaluated in vitro; the
blastocyst stage was monitored on the 3rd day.2>

Malondialdehyde level. To determine the extent of
lipid peroxidation, the MDA content of the collected
testis samples was measured using the thiobarbituric
acid (TBA; Sigma-Aldrich) reaction.2¢ Briefly, 0.30 - 0.40
g of testicular tissue was homogenized in ice-cold KCl
(150 mM; Merck, Darmstadt, Germany) and then, the
mixture was centrifuged at 3,000 g for 10 min. After that,
0.50 mL of the supernatant was mixed with 3.00 mL of
1.00% phosphoric acid (Merck) and after vortex mixing,
2.00 mL Lof 6.70 g L1 thiobarbituric acid was added to
the samples. The samples were heated at
100 °C for 45 min and then cooled on ice. After adding
3.00 mL of N-butanol (Merck), the samples were
centrifuged again at 3,000 g for 10 min. The absorbance
of the supernatant was measured at 532 nm wavelength
with spectrophotometer (Epoch Biotek, Winooski, USA),
and the MDA concentration was prepared based on the
calibration curves and calculated using MDA standards.
The amount of MDA was expressed as nmol per mg
of protein.?”

Total antioxidant capacity (TAC) level. The
evaluation of TAC was performed using the iron reduction
antioxidant power assay.? Briefly, at acidic pH, which was
created using acetate buffer (300 mM; pH: 3.60), the
reduction of Fell-2, 4, 6-tri-2-pyridyl-1, 3, 5-triazin
(Merck) to the ferrous form results in deep blue color,
being measured at 593 nm. Aqueous solution of
FeS04.7H20 (Merck) was used as a blank solution and
freshly prepared ascorbic acid (Sigma-Aldrich) was used
as a standard solution.28

Statistical analysis. Statistical analysis was performed
using SPSS Software (version 21.0; IBM Corp. Armonk,
USA). Finally, sperm analysis and IVF data were compared
between all groups and analyzed using one-way analysis
of variance followed by Bonferroni's post hoc test. The p-
value less than 0.05 was considered significant. All data
are presented as mean * standard error.

Results

Biochemical findings. The MDA level was increased
in the MTX group in comparison with the control group
(p < 0.05); whereas, in the groups receiving vitamin VitB:
with MTX, its level was decreased in proportion to the
increase in the VitB:1 doses. Conversely, TAC level of the
testicular tissue was higher in control and VitB: groups in
comparison with the MTX group (p < 0.05); whereas, the
highest level of TAC was observed in the group received
maximum dose of VitB1 (Fig. 1).
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Fig. 1. A) Malondialdehyde (MDA) and B) total antioxidant
capacity (TAC) levels in the testicular tissue of all
experimental groups. The highest and lowest values of MDA
and TAC were observed in methotrexate (MTX) group,
respectively. While, in the experimental groups, MDA was
decreased and TAC increased depending on the thiamine
(VitB1) dose.

ab Different letters indicate significant differences between
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Sperm count. The mean number of sperm in the MTX
group showed a significant decrease compared to the
group receiving VitB1 and control group (p < 0.05). In
VitB1 100 mg kg! + MTX group, there was a significant
increase in sperm count compared to the sham group (p <
0.05; Table 1).

Sperm motility and viability. The percentage of
sperm motility and the number of live sperms in the MTX
group showed a significant decrease in comparison with
the VitB1 and control groups (p < 0.05). In the VitB1 +
MTX groups, an increase in the percentages of sperm
motility and viability was seen. However, only the VitB1
50.00 and 100 mg kg! + MTX groups showed a significant
increase in comparison with the MTX group (p < 0.05;
Table 1 and Fig. 2).

Table 1. Sperm parameters in all experimental groups.

Immature sperms. The percentage of immature
sperms in the MTX group was significantly increased in
comparison with the VitB1 and control groups. Whereas,
despite the decrease in the rate of the immature sperms in
VitB1 25.00, 50.00, and 100 mg kg1 + MTX groups, there
were no significant differences compared to the MTX
group (Table 1 and Fig. 2).

Sperm DNA damage. The sperms with DNA damage
in the MTX group showed a significant increase compared
to the VitB1 and control groups. But, despite the decrease
in the percentages of this parameter in the VitB1 25.00,
50.00, and 100 mg kg! + MTX groups, this reduction was
not significant in comparison with the sham group (Table
1 and Fig. 2).

Fertilization. Fertilization rate was reduced in MTX
group compared to the control and VitB1 groups (p <
0.05). The groups received vitamin along with MTX
showed an increase in the percentage of fertilization; but
this increase was only significant in the VitB1 50.00 and
100 mg kgt + MTX groups compared to the sham group
(p < 0.05; Table 2 and Fig. 3).

Morulae and two-cell embryos. The percentages of
morulae and two-cell embryos were decreased in the MTX
group; but they did not show a significant difference
compared to the control and VitB1 groups. There was an
increase in the percentages of two-cell embryos and
morulae in VitB1 50.00 and 100 mg kg* + MTX groups; but
this rise did not show a significant difference compared to
the sham group (Table 2 and Fig. 3).

Fig. 2. Sperm maturity, DNA damage, and viability analyses
(1,000x). A) Aniline Blue staining revealed the mature sperm
with a colorless head (1) and immature sperm with a blue
head (2), B) Acridine Orange staining indicated the healthy
DNA sperm with a green head (1) and DNA-damaged sperm
with an orange head (2), and C) Eosin-Nigrosin staining
showed the live sperm with a pale head (1) and dead sperm
with a red head (2).

Groups Sperm count Sperm motility Sperm viability Immature sperms DNA-damaged sperms
(x 106 per mL) (%) (%) (%) (%)
Control 52.00 + 2.302 86.00 + 2.082 87.66 + 2332 4.66 +0.882 7.33+1.767
MTX 33.66 £ 2.02b 58.00 + 5.50P 60.66 + 1.45> 13.00 £ 2.080 20.66 + 0.88>
VitB1 53.33+3.842 88.33+4.702 89.66 + 2.022 3.66 £1.202 6.00 £0.572
MTX + VitB1 25.00 mg kg1 38.33+1.45b 63.33+2.33b 67.33 +1.45b 10.00 £ 0.57 20.33 £1.20b
MTX + VitB1 50.00 mg kg1 44.66 + 2.33b 78.00  2.64¢ 79.00 +1.73¢ 8.00 = 1.15b 15.33 £0.88p
MTX + Vit B1 100 mg kg1 48.00 + 1.73¢ 80.00 + 0.57¢ 80.33 +2.72¢ 6.66 + 1.20b 17.28 +2.47b

MTX: Methotrexate; VitB1: Thiamine.

abe Different superscript letters indicate significant differences in each column between different groups (p < 0.05).
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Table 2. In vitro fertilization outcomes in all experimental groups.

643

Groups Fertilization rate Two-cell embryo = Morula Blastocyst Hatched embryo Arrested embryo
(%) (%) (%) (%) (%) (%)
Control 81.66 + 2.732 7199+1982  61.03+3.502 57.69+3.972 52.51+£3.73 25.89 +3.262
MTX 4524 +1.18> 60.89+3.422  4948+1972 3529+3.75>  25.26 £ 3.36P 58.14 + 6.31P
VitB1 79.77 + 3.602 7727+1152  63.80+4.032 59.89+£3.762  50.06 +2.302 35.13+2.192
MTX + VitB1 25.00 mg kg1 49.38 + 2.55P 58195682  47.29+291a 39.16+4.73b 3147 £2.61b 4545 + 4.54b
MTX + VitB1 50.00 mg kg1 63.82 +2.87¢ 6747 £5162 5597 +6.532 47.86+3.78>  44.00 +4.35¢ 39.24 £ 6.14>
MTX + VitB1 100 mg kg1 67.02 + 3.20¢ 66.03+4.072  58.03 +4.402 5592 +352c 50.24 + 2.65¢ 23.80 +1.19¢

MTX: Methotrexate; VitB1: Thiamine.

abe Different superscript letters indicate significant differences in each column between different groups (p < 0.05).

Blastocysts. The percentage of blastocyst stage
embryos in the MTX group was decreased compared to the
control and Vit B1 groups (p < 0.05). The VitB1 + MTX
groups showed an increase in the percentage of
blastocysts; but this increase was only significant in the
VitB1 100 mg kg! + MTX group compared to the sham
group (p < 0.05; Table 2 and Fig. 3).

Hatched embryos. The percentage of hatched
embryos in the MTX group was decreased and showed a
significant difference compared to the control and VitB1
groups (p < 0.05). Also, there was a significant increase in
hatched embryos percentage in VitB1 50.00 and 100 mg
kg + MTX groups compared to the sham group (p < 0.05;
Table 2 and Fig. 3).

Arrested embryos. The percentage of arrested
embryos in the MTX group was increased significantly
compared to the control and VitB1 groups (p < 0.05). In
the VitB1 plus MTX groups, there was a decrease in the
percentage of arrested embryos; but this reduction
showed a significant difference only in the VitB1 100 mg
kg1 + MTX group compared to the MTX group (p < 0.05;
Table 2 and Fig. 3).

N
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Fig. 3. Different stages of in vitro embryo development. 1:
Hatched embryo, 2: Blastocyst, and 3: Arrested embryo (200x).

Discussion
According to results of this study, an increase in MDA

levels was seen in testicular tissue in the MTX group
compared to the control groups. However, in the groups

receiving VitB1, the quantity of MDA was decreased
proportionally with the increase in vitamin dose.
Furthermore, TAC levels in the control and VitB1 groups
were increased compared to the MTX group. According to
the results of previous studies, the MTX increases
inflammation and impairs energy sources in the germ cell
lineage.26 The evaluation of sperm quality revealed the
damage caused by MTX in the sham group, which
confirmed a significant decrease in the mean
concentration of sperm and sperm motility and viability
compared to the control group. Whereas, in the groups
receiving VitB1 along with MTX, the amount of these
parameters increased. Decreased sperm count observed in
the current study more likely is the result of oxidative
stress, that is completely in accordance with previous
reports.2? According to the results of a study, MTX can
diminish DNA integrity in sperm and cause damages via
oxidative stress.3® The spermatogenic cells play an
important role in regulating of the testosterone hormone,
consequently it can be said that, the use of MTX increases
the production of free radicals, which in turn reduces the
rate of spermatogenesis and ultimately leads to a decrease
in the number of sperms.3! A large number of
mitochondria in sperm indicates the high energy
requirement of sperm for motility. In the patients
receiving MTX, the upsurge of lipid peroxidation in
mitochondria leads to the destruction of the mitochondrial
membrane.32 Thiamine acts as a cofactor and energy
source for many cellular enzymes and also improves
antioxidant levels by participating in the pentose
phosphate cycle that produces nicotinamide adenine
dinucleotide phosphate.!® On the other hand, through
these mechanisms, thiamine can stop the reduction of
sperm motility and also increase its ability to move fast. It
has been reported that thiamine pyrophosphate may act
as an agent that ameliorates rat's testicular damage
induced by cisplatin in a dose dependent way. The
proposed mechanism might be attributed to its
antioxidant and anti-apoptotic roles.2! However, most
likely retro-protective effect of thiamine is through
protecting proteins, lipids, and DNA against free radicals
and regulation of the glucose metabolism. The results of
this investigation revealed that oxidative stress caused by
MTX in the sham group triggered a significant increase in
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immature (low quality chromatin) and DNA-damaged
spermatozoa compared to the MTX + VitB1 groups. In the
spermiogenesis stage, in the chromosomes of newly
produced sperms, the histones attached to the DNA
strands are replaced by protamine proteins; as a result of
this process, the chromatin is condensed and the copying
process is stopped. In the stage of epididymal maturation,
thiol groups of protamine are oxidized and disulfide bands
are formed in the protein structure. The existence of these
disulfide bridges is critical for the compaction and
physical/chemical stability of chromatin. For optimal
chromatin condensation, nucleoprotein surrounds double-
stranded DNA, acting as a protective factor against various
destructive issues, such as acids, heat, proteases, DNAase,
free radicals, and detergents. Any disturbance in the
chromatin density will be associated with subsequent DNA
and nuclear damage. Most of these damages occur as a
result of disruption in the middle stage of spermiogenesis
and replacement of histone by protamine. In general, the
three major etiologies of sperm DNA damage are
inadequate and inappropriate DNA condensation during
maturation, oxidative stress, and apoptosis.3235
Methotrexate increases the production of ROS, and
investigations have also shown that increases in the
production of free radicals cause oxidative damage to
mitochondrial membrane;3¢ as stated before, thiamine also
plays a preventive role against oxidative stress. This
results completely comply with previous studies. In vitro
fertilization rate in the sham group was significantly lower
than control groups. However, in the MTX + VitB1 groups,
this trend was stopped and reversed, indicating the
protective effect of VitB1 against the oxidative stress
affecting the rate of IVF.

Regarding the rates of blastocysts formation and their
hatching, our study revealed that the average number of
blastocysts resulting from IVF in the groups receiving MTX
had a significant decrease compared to the control groups
due to the oxidative stress; however, the use of VitB1 along
with MTX caused compensatory effects. The improvement
of sperm quality by administration of thiamine may lead to
improvement of the IVF outcomes. It has been proven that
sperm selection can be improved through one or more
factors, including sperm genetic integrity, fertilization
capacity, embryo production, and in vitro survival, as well
as pregnancy and delivery rates following IVF and intra-
cytoplasmic sperm injection.3”

On the other hand, the presence of higher amounts of
ROS leads to sperm abnormalities and infertility. The
overwhelming data have proven that oxidative stress in
sperm has an impact not only on DNA integrity but also on
the dynamics of epigenetic reprogramming, which may
harm the paternal genetic and epigenetic contribution to
the developing embryo and affect embryo development
and its quality;38 therefore, this oxidative damage will be
the main cause of sperm dysfunction.3?

In the compensatory way, antioxidant defense
mechanisms in the testis are important to protect sperms
against ROS. According to the results of a former study,
kisspeptin-10 (Kiss), a potential antioxidant agent,
treatment mitigates MTX-induced reproductive toxicity.4
In this study, it was assumed that VitB1 played such a role.
Likewise, it was found in the present study that the
number of arrested embryos had a significant increase in
the MTX group in comparison with the control groups due
to the oxidative stress, and the use of VitB1 with MTX
reduced this destructive effect in a dose-dependent
manner. As mentioned earlier, in the process of sperm
nuclear maturation, the main factor for the integrity of
DNA strands is the replacement of protamine proteins, and
if this process is disrupted by oxidizing agents, DNA will be
significantly damaged.#! On the other hand, embryos
fertilized with these sperms (with broken DNA strands)
produce low-quality and/or arrested embryos.#2 This
study had limitations regarding the sample size and lack of
direct measurement of oxidative stress and apoptosis.

In conclusion, the present study revealed that oxidative
stress is a major side effect of MTX, inducing testicular
damage and lowering sperm quality, and thiamine
preserves fertility through having positive effects on
various fertility indices via oxidative stress suppression.
Additional research with a wider scope will be needed,
especially by focusing on the role of thiamine in the cell
energy cycle.
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