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ABSTRACT

Background: Varicocele is one of the common causes of male infertility,
associated with increased oxidative stress and damage to sperm DNA. This
study aims to investigate the effects of L-cysteine, taurine, and vitamin B6
(LTB) on spermatogenesis, sperm function, and enzymes involved in the trans-
sulfuration pathway in the testes of varicocele-induced rats.

Methods: Male Wistar rats (180-220 g) were randomly divided into five
experimental groups: the control group (no intervention), the sham group
(simple laparotomy), the varicocele group (V), the LTB-treated control group,
and the LTB-treated varicocele group. Evaluations included sperm parameter
assessments, testicular histology analysis, measurement of testosterone levels,
vitamin B6 levels, various amino acids, and the expression of enzymes in the
trans-sulfuration pathway at the protein level using the Western blot method.
Results: The study revealed a significant reduction in sperm quality parameters
and sperm function (p<0.05) in the varicocele group compared to the control
and sham groups. Additionally, enzymes involved in the trans-sulfuration
pathway were reduced in the varicocele group compared to the sham group,
although the difference was not statistically significant. Plasma B6 levels in the
varicocele group showed a significant decrease compared to the control group
(»<0.05). Supplementation with LTB improved the negative effects of
varicocele on spermatogenesis and sperm function.

Conclusion: Antioxidants may play a role in improving varicocele. Using
amino acids and vitamins involved in the one-carbon cycle and the trans-
sulfuration pathway can enhance the testicular antioxidant system and
counteract the negative effects of varicocele. These findings highlight the need
for further studies and the potential for higher doses or longer durations of
antioxidant supplementation to achieve better therapeutic effects.
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Extended Abstract

Background: Varicocele is one of the most
common causes of male infertility, leading to
decreased sperm quality and production. The
condition is characterized by increased
dilatation in the testicular veins, which causes
temperature and biochemical changes,
resulting in elevated oxidative stress and
DNA damage to sperm. Oxidative stress
occurs when there is an imbalance between
reactive oxygen species (ROS) and the body’s
natural antioxidant defenses, causing cellular
damage to sperm membranes, proteins, lipids,
and DNA. This oxidative damage reduces
sperm motility, concentration, and
morphology, and increases DNA
fragmentation. The use of antioxidants such
as L-cysteine, taurine, and vitamin B6 has
been suggested as a potential therapeutic
strategy due to their ability to neutralize
oxidative stress and improve sperm quality by
enhancing enzymes involved in production of
antioxidant pathways, including enzymes like
cystathionine  B-synthase = (CBS), and
cystathionine y-lyase (CSE), as well as heme
oxygenase-1 (HO-1) which is an inducible
enzyme that breaks down heme, producing
biliverdin, ferrous iron, and carbon
monoxide. It plays a crucial role as an
antioxidant, reducing oxidative stress in cells,
and has anti-inflammatory effects. These
antioxidants can maintain a balance in the
oxidative environment, preventing further
damage to sperm cells, and potentially
improving male fertility outcomes. The aim
of this study is to evaluate the effects of
antioxidant supplementation LTB (vitamin
B6, taurine, and L-cysteine) on sperm quality
and testicular function in a rat model of
varicocele, focusing on sperm parameters,
and sperm functional tests.

Methods: This experimental study was
conducted on 50 male Wistar rats (8 weeks
old, weighing 180-200 grams). The rats were
housed under standard laboratory conditions
and provided with food and tap water ad
libitum. The animals were randomly divided
into five groups: control (C), sham (SH),
varicocele (V), control with LTB (C+LTB),

and varicocele with LTB (V+LTB). The
groups were administered a daily oral dose of
a combination of vitamin B6 (7 mg/kg),
taurine (100 mg/kg), and L-cysteine (100
mg/kg) for two months. After the two-month
treatment period, sperm parameters including
count, motility, and morphology were
evaluated. DNA damage was assessed using
acridine orange (AQ), aniline blue (AB), and
chromatin A3 (CMA3) staining. Lipid
peroxidation was measured using BODIPY
Cl11, a fluorescent dye. Histological analysis
of testicular tissue was performed using
hematoxylin and eosin (H&E) staining.
Western blot analysis was used to assess the
protein levels of CBS, CSE, and HO-1. Data
were analyzed using SPSS software, and
statistical significance was determined using
Shapiro-Wilk, ANOVA, and Kruskal-Wallis
tests (p<0.05).

Results: The study showed no significant
difference in body weight between the
different groups. However, the left testicle
and left epididymal weights were
significantly lower in the varicocele group
compared to the control group (p<0.05). The
varicocele group treated with LTB exhibited
significant ~ improvements in  sperm
concentration, motility, and morphology
when compared to the untreated varicocele
group (p<0.05). The Percentage of sperm
abnormal morphology was significantly
higher in the varicocele group compared to
the control group. Functional analysis
revealed increased residual histone levels,
protamine deficiency, DNA damage, and
lipid peroxidation in the varicocele group
compared to the control group. Antioxidant
treatment with LTB significantly improved
these parameters (p<0.05). Additionally,
serum metabolite analysis showed reduced
testosterone and vitamin B6 in the varicocele
group, while LTB treatment resulted in
significant increases in the both parameters
(»<0.05). Analysis of protein expression for
CBS, CSE, and HO-1 did not show
significant differences between the groups.
Discussion: The results of this study indicate
that varicocele significantly affects sperm
quality, as evidenced by reduced sperm
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concentration, motility, and morphology,
along with increased residual histones, DNA
damage, lipid peroxidation, and protamine
deficiency in sperm. These findings are
consistent with previous studies, which have
identified oxidative stress as a major factor in
sperm damage and infertility associated with
varicocele. The mechanism behind these
effects involves increased ROS, which
destabilizes sperm membranes, impairs
mitochondrial function, and causes DNA
fragmentation. This oxidative stress is further
exacerbated by lipid peroxidation, which
compromises the integrity of sperm
membranes and disrupts cellular processes
essential for sperm function. The treatment
with antioxidants, including vitamin B6,
taurine, and L-cysteine, improved sperm
quality by neutralizing ROS and reducing
lipid peroxidation, as well as enhancing
sperm motility and morphology. These results
align with prior studies that have
demonstrated the potential of antioxidants in
mitigating oxidative stress and improving
male fertility in wvaricocele conditions.
Despite the significant improvements in
sperm parameters, the supplementation did
not result in substantial improvements in
histone excess, DNA damage, or the Johnson
score, suggesting that while antioxidants like
LTB are effective in mitigating some forms

of oxidative damage, they may not fully
reverse all the biochemical alterations caused
by varicocele. Moreover, LTB
supplementation did not significantly affect
homocysteine, glutamate, serine, or the
expression of CBS, CSE, and HO-1 proteins,
indicating that LTB may improve sperm
quality via mechanisms independent of the
trans-sulfuration pathway. This suggests that
antioxidant supplementation could potentially
offer a therapeutic strategy for reducing
oxidative stress in varicocele, but the full
spectrum of metabolic changes associated
with the condition may require more targeted
interventions.

Conclusion: This study assessed the effects
of varicocele and antioxidant treatment on
sperm  quality. Results indicated that
varicocele without antioxidant therapy led to
decreased sperm concentration, motility, and
morphology, along with increased DNA
damage. Antioxidant supplementation with
vitamin B6, taurine, and L-cysteine
significantly improved sperm parameters and
oxidative stress but did not restore key
proteins involved in oxidative stress
pathways. This may be due to the small
sample size in Western blot testing,
highlighting the need for further research
with a larger cohort.
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