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Abstract

The prevalence of alcohol consumption is high among adult males during the reproductive period. The current study
aimed to evaluate the impact of chronic administration ethanol on the quality of sperm in the rats. Twelve healthy
Wistar male albino rats were randomly divided into 2 groups to represent the 2 phase duration. The first phase lasted
21 days and the second phase lasted 49 days. In each phase, the animals were separated into subgroups: A and B.
Subgroup A represented control that received distilled water while subgroup B represented animals that received 7
mL.kgBW-1 of 30% ethanol per day, thrice a week. The data were analyzed using ANOVA (P<0.05). There is no significant
difference in sperm concentration and viability. However, there is a significant difference in the motility of spermatozoa
between the control group and ethanol-treated group. Thus, the study indicates that ethanol administration may
disturb the sperm motility and have no clear effect on its concentration and viability.
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INTRODUCTION

Ethanol has been now reported to be among
the most widely abused drug which may suppress
reproductive function and sexual behavior in
laboratory animals and humans. Both acute and
chronic ethanol administration exerts a dual
effect on the hypothalamic-pituitary-gonadal axis
by directly preventing testicular steroidogenesis
and by inhibiting the release of Lutenizing
Hormone-Releasing Hormone (LHRH) [1].

Ethanol enlarges oxidative stress through the
generation of oxygen-free radicals and lipid
peroxidation on its metabolism in the body [2],
mainly because ethanol administration can cut
down the antioxidant cells such as Superoxide
Dismutase (SOD), Catalase (CAT), and
Glutathione Peroxidase (GPx). Undoubtedly,
oxidative stress is one of the factors playing a key
role in various pathways of alcohol-induced
damage. Oxidative stress involves many
conditions that stimulate either the production of
Reactive Oxygen Species (ROS) or a decline in
antioxidant defenses. During ethanol
metabolism, the detrimental effects of ethanol
not only generates a massive ROS but also form
acetaldehyde. Ethanol is also oxidized by
cytochrome P450 to acetaldehyde, which
increases ROS, with concomitant changes in
redox balances [3]. Acetaldehyde can weaken the
activity in the hypothalamus with its receptors in
the pituitary in the process of releasing LH and
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damaging the function of protein kinase C, a key
enzyme in LH production [4]. Meanwhile,
reactive oxygen species result in lipid
peroxidation in spermatogenic cell membranes
which is the cause of cell apoptosis [5].

Alcohol abuse has been considered as one of
the problems associated with poor semen
production and sperm quality [6]. Alcohol
consumption in men has been associated with
testicular atrophy [7,8], reducing in sperm count,
in the percentage of motile spermatozoa and the
total of spermatozoa with normal morphology
[9,10]. Additionally, the negative impact of
chronic alcoholism on sperm parameters was
significantly decreased in semen volume, sperm
count, motility and number of morphologically
normal spermatozoa [7].

In rats, ethanol caused a significant rise in the
tissue and plasma lipid peroxidation and
decrease the tissue and plasma antioxidants such
as superoxide dismutase, glutathione, catalase,
peroxidase, vitamin C and vitamin E [11]. Dosumu
[12] reports that administration of 30% alcohol in
adult rats has made an impact on the reduction
of spermatogenic cells, tubular atrophy, cross-
sectional areas, and tubular diameter. Testicular
weight, sperm motility and sperm count were
also declined. Hormonal assay indicated a severe
reduction in the levels of testosterone.
Therefore, this study was undertaken to
determine the effects of chronic administration
of ethanol followed by abstinence on sperm
parameters of adult rats.
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MATERIALS AND METHODS
Research Materials

Twelve healthy Wistar male albino rats
(average weight 280-340 g) were housed in the
animal holdings of the Animal Physiology
Laboratory, Faculty of Mathematics and Natural
Sciences, University of Brawijaya, in well
ventilated plastic cages with a 12/12 h light/dark
cycle at 21-24°C and free access to rodent food
and water. Approval for the study was obtained
from the Animal Care and Use Committee of
University of Brawijaya number 1079-KEP-UB.
Thirty percent (30%) of ethanol prepared from
absolute ethanol (99.86%) Smart Lab (PT. Smart
Lab, Indonesia).

Research Methods

Animals were randomly divided into 2 groups
to represent the 2 phase duration. The first phase
lasted 21 days and the second phase lasted 49
days. In the previous result [12], administration
of ethanol 30% for 14 days could reduce the
sperm count, motility and morphology and the
intake of 21 days ethanol was considered to
provide more significant results due to longer
ethanol administration. The second factor was
the time required for the formation of rat
spermatozoa was 49 days [13]. In each phase, the
animals were divided into subgroups: A and B.
Subgroup A represented control that received
distilled water while subgroup B represented
animals that received 7 mLkgBW?! of 30%

ethanol per day, thrice a week [14] in details:
A1l (Control group 1) : distilled water
B1 (Treatment group 21 days) :ethanol 30%
A2 (Control group 2) : distilled water
B2 (Treatment group 49 days) : ethanol 30%

At the end of each phase, rats were sacrificed.
Right after, testes and epididymis harvested for
histological studies.

Sperm Analysis

The epididymis was placed in a Petri dish
containing 500 ul PBS and cut into pieces using
scissors to allow the spermatozoa to come out
from the epididymis. Sperm quality was
determined by the concentration, motility, and
viability.

Sperm concentration was counted by using an
improved Neubauer hemocytometer. Sperm
suspensions were directly diluted 1:20 in a
diluting solution of Na2HCOs and formalin in
distilled water. The results of dilution were then
put into the counting chamber and the number
of sperm was counted. Sperm motility was
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analyzed by taking sperm suspensions in the Petri
dish using a micropipette and dropping 1 drop on
the glass object. Furthermore, it was observed
using a light microscope with 400x magnification.
Sperm viability measurement was done by using
eosin (EO) dye exclusion test. The sperm
suspension was mixed with 10 pL of
eosin-nigrosin dye. A thin smear of sperm was
prepared after 1 min and the number of viable
sperm was determined out of 200 sperm in 10
microscopic fields (400x). The live spermatozoa
cells were white and the dead were stained red
[14].

Statistical Analysis

The data obtained from all the groups were
compiled and statistically analyzed also
presented as mean + standard deviation.
Differences between groups were compared
using one-way ANOVA with p < 0.05 considered
significant and followed by Tuckey’s Post hoc
test.

RESULTS AND DISCUSSION

The count of spermatozoa can be seen in
Table 1. The statistical test of spermatozoa
concentration shows that there is no significant
difference in each treatment (p > 0.05).

Table 1. Sperm Concentration

Sperm Concentration

Treatment Group (105.mL £ SD)

Al 74.72 £10.75
A2 91.66 +7.94
B1 53.61 +£22.21*
B2 91.66 +7.94
Notes:
* = Significant

SD = Standard Deviation

Al (Control group 1) : distilled water
A2 (Control group 2) : distilled water
B1 (Treatment group 21 days) : ethanol 30%
B2 (Treatment group 49 days) : ethanol 30%

The results of this study indicate a decrease in
spermatozoa concentration after alcohol intake
for 21 days and it reached the lowest level of the
treatment. Sperm concentration in ethanol
treatments for 21 days showed a lower value
compared to the control group. Whereas ethanol
administration for 49 days showed the same
results compared to the control group.

However, there was no significant difference
between all treatments. The use of ethanol for
the longer term does not affect sperm count.
Ethanol does not significantly affect the
concentration of spermatozoa, because the
metabolism of ethanol in the rat body does not

ISSN. 2087-2852
E-ISSN. 2338-1655



Alcohol Intake on Adult Rats: Sperm Parameters
(Anam, et al)

produce excessive amounts of ROS, so oxidative
stress conditions do not occur. The body's natural
antioxidants can reduce free radicals so that no
cell death occurs. This is supported by the
previous  study that explained sperm
concentration, total sperm count, and
percentage of spermatozoa with normal
morphology were negatively associated with
increasing habitual alcohol intake [15]. No
statistical differences in seminal parameters
found between the degrees of alcohol
consumption and control [16].

Sperm Motility

There are significant differences between
treatment groups (p > 0.05) as shown in Table 2.
The table shows that treatment groups of
ethanol administration both in 21 days and 49
days have sperm motility level lower than the
control group. This study proves that ethanol
impaired motility of spermatozoa. The
percentage of sperm motility level of the control
group in 21 days was 74.66% and 49 days was
77.33%. This level indicates that the control
group belongs to the normal category (>50%).
While the sperm level of the treatment group
was 37.33% and 41.66% shows that there were
subfertile category and ethanol play an important
role in this [17]. A decline of sperm motility can
be affected by disrupted of the spermatogenesis
in testes and sperm maturation in
epididymis [18].

Table 2. Sperm Motility
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mitochondria may stimulate both necrotic and
apoptotic cell death.

Ethanol affects mitochondrial function.
Mitochondria produce ATP needed for the
movement of the flagella of sperm cells. Hence, a
reduced or impaired mitochondrial function will
prevent sperm motility as observed in the
alcohol-treated groups of this study. It reported
that mitochondria are targets for oxidative
stress-related signal control cell fate [22].

Sperm Viability

The percentage of spermatozoa viability
shown in Table 3. There were no significant
differences between the ethanol-treated group
compared to the control group (p > 0.05). The
highest level of viability of sperm was Al. This
level was far from the other groups, while the
lowest level was reached by B1 about 42%.

Table 3. Sperm Viability

Treatment Group Sperm Motility (% SD)

Treatment Group Sperm Motility (%% SD)

Al 74.66 £ 3.51
A2 77.33+£2.88
B1 37.33 £3.05*
B2 41.66 + 7.02*
Notes:
* = Significant

SD = Standard Deviation

Al (Control group 1) : distilled water
A2 (Control group 2) : distilled water
B1 (Treatment group 21 days) :ethanol 30%
B2 (Treatment group 49 days) : ethanol 30%

The ethanol-related decline in spermatozoa
motility in the treated groups is one of a range of
indicators that chronic ethanol consumption may
endanger the structural integrity of the
spermatozoa  through the  mitochondrial
pathway. Ethanol makes mitochondria less
functional by carrying out mitochondrial protein
synthesis [19]. This suppresses oxidative
phosphorylation of spermatozoa cells [20]
leading to enzyme inactivation [21]. Ultimately,
this results in numerous alterations within the
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Al 87.76 £9.25
A2 61+1.34
B1 42.31 +10.66*
B2 50.33 £6.88
Notes:
* = Significant

SD = Standard Deviation

Al (Control group 1) : distilled water
A2 (Control group 2) : distilled water
B1 (Treatment group 21 days) :ethanol 30%
B2 (Treatment group 49 days) : ethanol 30%

Sperm viability in ethanol treatments for 21
days showed a lower percentage compared to
the control group. As well as giving ethanol for 49
days also gave lower results than the control
group. However, the decrease in the percentage
of viability in the ethanol treatment groups did
not show a significant difference with the control
rats.

Living spermatozoa are not able to absorb
color because the membrane permeability is still
in good condition so that eosin-nigrosin. Dye
cannot enter the cell. Conversely, eosin-nigrosin
dye can enter the dead spermatozoa cells which
result in cells appearing red. This is because the
permeability of the membrane decreases so that
dyes easily enter the cell [23].

Membrane damage occurs due to the results
of ethanol metabolism that produce free radicals,
which can damage membrane integrity and
permeability [24]. Based on the results, 30% of
ethanol did not produce excessive ROS
production, which later damages the cell
membrane. So that lipid peroxidation becomes
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reduced, which causes decreased sperm cell
death.

Within normal physiologic conditions, internal
antioxidants help to maintain a low level of
oxidative stress in the semen [25]. Nevertheless,
if the production of free radicals is excessive,
then the body's natural antioxidants are not able
to neutralize, which results in an imbalance
between antioxidants and free radicals. In this
case, antioxidants such as superoxide dismutase,
catalase, glutathione peroxidase were thought to
play a role suppresses free radicals by giving
hydrogen atoms which cause neutralized ROS
[26].

Percentage of survived (lives) spermatozoa
was higher compared to the percentage of
motility for all treatments. This is a normal
condition because immobile spermatozoa do not
necessarily die. Spermatozoa that only move
slowly, but still alive, it won't absorb eosin color.
Partodiharjo [27] suggests that the spermatozoa
that not moving are not necessarily dead. So
does the one that not adsorb the color, while on
interpretation with the basis of moving and not
moving is considered immotile.

CONCLUSION

The 30% ethanol induction did not have a
sharp impact on sperm concentration and
viability levels. However, the percentage of
motility spermatozoa was different between the
ethanol-treated group and control group. It
reduces sperm motility quite significantly.
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