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Abstract

Objective: Antioxidants that reduce oxidative stress, lipid peroxidation, and DNA damage, restoring the
global antioxidant defense system, can be used to treat male infertility and poor semen quality associated
with bisphenol A (BPA) exposure. this work, aimed to investigate the protective action of Alpinia
officinarum (A. officinarum) rhizome extracts against oxidative stress and DNA damages induced by
BPA.

Material and methods: Eighteen adult albino rats were used and divided into three groups; control group
received 0.2mL of olive oil/rat/day, BPA group received BPA (50 mg/kg) and protected group received
A. officinarum extract (400 mg/kg) then BPA (50 mg/kg) after one hour. The various doses were
administrated orally for 60 days. 24 hours after the last dose, the animals were weighed and sacrificed,
blood samples were collected for the assessment of oxidant/antioxidant markers, while testes and
epididymis were weighed after extraction and cleaning, and epididymis sperm were used to estimate the
degree of DNA damage.

Results: The weighted values of the testes and epididymis showed a significant decrease in the BPA
group compared to the control group, while the decrease of those values was relatively low in the
protected group, as it moved away from the BPA group and approached the control group. The data also
showed a significant decline from the normal state in the indicators of oxidation/antioxidants due to the
treatment with BPA , while that decline receded to a large degree in the group protected with A.
officinarum extract. The results also included a significant increase in the number of sperms that suffered
from DNA fragmentation and the amount of that damage in the BPA-treated group, but that damage was
much less than in the protected group.

Conclusion: We conclude that A. officinarum extract is effective in reducing the harmful effects of
increased oxidative stress and DNA fragmentation that result from exposure to BPA through its anti-free
radical formation and scavenging activity.
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INTRODUCTION

An endocrine disruptor is defined by the
World Health Organization as “an exogenous
substance or mixture that alters the function(s)
of the endocrine system and consequently
causes adverse health effects in an intact
organism, or its progeny, or
(sub)populations™.[1] bisphenol A (BPA)
represents one of those environmental
chemical pollutants that mimic the natural
oestrogen 17-p-oestradiol (E2).[2] BPA is a
crystalline chemical compound widely used as
key monomer of epoxy resins and
polycarbonate plastics for more than 50

years.[3] In the last decades, results of
preclinical research revealed endocrine-
disrupting effects of BPA on male

reproductive functions, clarifying possible
mechanisms by which BPA can interfere with
the regulation of spermatogenesis mainly
throughout  the  hypothalamic—pituitary—
gonadal axis.[4] In rodent models, the in vivo
exposure to BPA at different doses and time
intervals resulted in a significant decrease in
sperm counts,[5] sperm motility and normal
sperm morphology,[6] increase in sperm DNA
damage,[7] and poor spermatogenesis.[5,8]
Independently of its hormonal disrupting
effects, BPA could interfere  with
spermatogenesis processes even through other
mechanisms. After in vivo exposure to BPA,
an impaired testicular glucose homeostasis has
been reported in the rat.[9] Also, an increased
testicular oxidative stress has been revealed
both in the rat and in the mouse.[10] BPA can
also induce apoptosis in cultured Sertoli cells
from rodents[11] by inducing dysfunction of
mitochondria and generation of reactive
oxygen species (ROS).[12] Although BPA is
not an oxidizer itself, it leads to cellular
changes wusually manifested by lipid
peroxidation (LPO) and free radicals
production causing oxidative stress (OS).[13]
Testicular structural damage and dysfunction

are often associated with increased OS [14] In
addition, increased ROS levels can induce
errors during DNA replication, transcription or
post-transcriptional events , resulting in sperm
DNA fragmentation , chromatin condensation
abnormalities, and protamine expression
defects.[15]

Alpinia officinarum Hance ( Lesser Galangal )
belongs to the Zingiberaceae family and is one
of the most popular Chinese herbal
medicines.[16] Diarylheptanoids, flavonoids,
and essential oils are the three major classes of
bioactive compounds found in the rhizomes of
A. officinarum.[17] A. officinarum s
considered one of the most beneficial crude
medicines in traditional Chinese medicine. A
number of pharmacological studies have
indicated that A. officinarum has antibacteriall,
antiviral,  antitumor, and  antioxidant
properties, as well as gastrointestinal bleeding-
inhibiting properties.The mechanism is likely
related to its antioxidant properties (removal
of oxygen free radical activity).[18] Fang et
al.,[19] stated that galangin, kaempferide, and
quercetin are the main constituents of this
plant that possess antioxidant activity, and
thus can attenuate oxidative stress and
reproductive toxicity induced by BPA.

MATERIALS AND METHODS
Animals

Male adult albino rats weighing 200-220
grams, which were produced in the domestic
animal laboratory in the College of Education,
Karbala University for Pure Sciences, were
used. These animals were kept under typical
laboratory conditions with a 12-hour light/dark
cycle and water available as desired. They
were also fed a regular meal.

Collection of Plant and Preparation of Extract

A plant taxonomist from Karbala University,
College of Education for pure Sciences
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identified Alpinia officinarum rhizomes they
were bought at the community market. After
cleaning them with water from suspended
impurities and then air drying, they were
soaked in 70% ethyl alcohol for three days at
ambient temperature. ALP extract and solvent
were combined in a ratio of 1 to 5 to produce
A. officinarum extract. After filtering using a
Whitman filter, the extract was concentrated
until dry using a rotatory evaporator set at
45°C. 125% of the dry extract was
produced.[20]

Experimental Design

A total of 18 rats were equally divided into
three groups and given the following treatment
orally using an intragastric tube for the period
of 60 days.

Group 1. (control) received olive oil (0.2
ml/animal/day).

Group II: (BPA group) received BPA (50
mg/kg/day) dissolved in 0.2 ml of olive oil.

Group IlII: (Protected group) received A.
officinarum extract (400 mg/kg/day) then BPA
(50 mg/kg/day) after one hour.

Sample Collection

After 24 h of last dose, the animals were
weighed and sacrificed. Heart blood samples
were collected for biochemical tests.
Reproductive organs (testis and epididymis)
were immediately dissected out and separately
weighed then used to estimate DNA damage.

Oxidant/Antioxidant biomarkers study.

Blood samples were used to estimate Oxidant
and  Antioxidant  parameters. Serum

malondialdehyde  (MDA) levels  were
measured using colorimetric  assay.[21]
Activity of catalase (CAT) was measured

according to method described by Hadwan
and kadhum.[22] Finally, the procedure to
estimate the glutathione (GSH) level followed
the method described by Griffith.[23]

Estimation of DNA damage

The cauda of each epididymis was cut and
minced separately in 3 ml of normal saline and
filtered through nylon mesh for collection of
spermatozoa. Sperm DNA damage was
assessed by the single cell gel/comet assay
according to method described by Almabhouh
et al. [24] using a Comet Assay kit (Cell
Biolabs, Inc., USA).

Statistical analysis

The results of the data analysis were
presented as mean + standard error (SE) using
IBM SPSS software (version 26, Chicago, IL,
USA) . The one-way ANOVA and post hoc
LSD tests were used to analyze group
differences. The threshold for statistical
significance was fixed at P<0.05.

Results

Effect of BPA and hydroalcoholic extract of
A. officinarum on the weights.

As in table 1, there was no significant
difference in body weight gain between all
experiment groups. On the other hand, the
testis and  epididymis  weights  were
significantly decrease in BPA group as
compared to control group, however they were
significantly increase (p< 0.05) in protected
group comparing with BPA group.

Table 1: Effect of BPA and hydroalcoholic extract of A. officinarum on the weights.

Groups body weight gain (g) Testis weight (mg) Epididymis weight (mg)
Control g. 74.83+2.04% 1462.17+ 4.982 470.66+ 3.05%
BPAg. 72.33+1.542 1191.83+23.70° 372.33+8.87°
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Protected g. 76.17+1.922

1440.67+6.63?

468.33+3.09°

Values were expressed as Means + SE. Values at the same column with different letters are

significant at P<0.05

Effect of BPA and hydroalcoholic extract of
A. officinarum on oxidant/antioxidant
biomarkers.

As in table 2, malondialdehide levels were
significantly increased (p< 0.05) in BPA
group as compared to control group. At the

same time, CAT activity and GSH levels were
significantly lowered (p< 0.05) in BPA group
as compared to control group. On the other
hand, protected group showed significant
decrease (p< 0.05) of MDA levels and
significant increase (p< 0.05) of CAT activity
and GSH levels comparing with BPA group.

Table 2: Effect of BPA and hydroalcoholic extract of A. officinarum on oxidant/antioxidant

parameters.
Groups MDA level (umol/l) | CAT activity (kU/l) | GSH levels (umol/I)
Control g. 2.41+0.05° 104.16+3.312 72.66+2.202
BPA g. 5.13+0.09° 64.66+3.27° 39.16+1.90°
Protected g. 3.01+0.08° 91.83+3.24° 65.50+2.652

Values were expressed as Means + SE. Values at the same column with different letters are

significant at P<0.05.

Effect of BPA and hydroalcoholic extract of
A. officinarum on DNA damage of
spermatozoa.

As in table 3, the number of comets/100
spermatozoa and percent of DNA in tail were

significantly increased (p< 0.05) in BPA
group as compared to control group. However,
these changes were significantly decreased in
protected group as compared to BPA group.

Table 3: Effect of BPA and hydroalcoholic extract of A. officinarum on DNA damage of

spermatozoa.
Parameters Control g. BPA g. Protected g.
Number —of - comets/100 | ;¢ 75 28+1.26° 21+1.06°
spermatozoa
% DNA in Tail 2.32+0.21° 8.47+0.522 5.63+0.35°

Values were expressed as Means + SE. Values at the same column with different letters are

significant at P<0.05
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Figure 1: Photomicrograph from alkaline comet assays showing types of sperm DNA

damage as observed of experimental animals.

Control

DISCUSSION

BPA is a well-known environmental toxin
that has the ability to cause oestrogenic and
anti-androgenic responses in both humans and
animals.[25] Qiu et al.[26] showed that
exposure to BPA caused higher oxidative
stress and DNA damage in rats and common
carp, respectively. The most widely available
sources of materials that have the capacity to
scavenge free radical ions are plants and their
bioactive components. [27] This study
examined the potential effects of an alcoholic
extract of Alpinia officinarum rhizomes
against BPA-induced oxidative stress and
sperm DNA damage in adult male rats. No
significant changes in body weight growth
were seen between any of the treated groups
and the control group, according to our
findings. These results were in agreement with
the study carried out by Ullah et al.[28]
According to Wu et al. [29], BPA disrupts the
endocrine system without affecting body
weight. In the same context, the average
weights of the testes and epididymis were
significantly lower in the BPA-treated group
than in the control group. This may be because
that the BPA compound may be causing an
endocrine problem, which lowers sex hormone
levels. Also Weight loss could result from the
breakdown of some significant molecules,
including the proteins in the testicles.[30]
These outcomes were consistent with prior

Protected

research’ findings that exposure to bisphenol
chemicals decreased testicular and epididymis
weights.[30,31] The protected group showed
an improved effect of the extract in reducing
weight loss, as the results reported a
significant increase in the weights of testes
and epididymis between that group and the
BPA-treated group.

The oxidation of polyunsaturated fatty acids
(PUFA) and their esters results in MDA
production.[32] hence, it is frequently utilized
as a biomarker of lipid oxidation caused by
oxidative stress.[33] The presence of
unsaturated fatty acids in the sperms'
membranes makes them more vulnerable to
lipid peroxidation.[34] In our study, MDA
serum levels significantly increased in the
BPA group, most likely as a result of oxidative
damage brought on by BPA. These results
agree with those of earlier research in the
same field.[30] Negm and Ragheb[35] showed
that A. officinarum reduced serum MDA and
elevated serum SOD, indicating protection
against lipid peroxidation and alleviated
oxidative stress. These results can be linked to
the antioxidant characteristics of A.
officinarum rhizome since it contains
components such polyphenols, flavonoids, and
diarylheptanoid substances that scavenge
reactive oxygen species.
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On the other hand, CAT and other enzymatic
antioxidants guard the biological system from
ROS's harmful effects and lessen the oxidative
damage they cause to testicular cell
membranes.[36] Lipids, proteins, and DNA
can quickly oxidatively deteriorate when
exposed to H202. Reduced CAT activity
reduces the testicles' capacity to expel H202
created as a result of BPA exposure.[37] At
the same time, GSH is crucial for cellular
processes like the breakdown of H202, lipid
peroxidation, and amino acid translocation in
the cell membrane.[38] When compared to
control group animals, our findings clearly
demonstrated that BPA exposure reduced
CAT activity and GSH levels. These findings
corroborated those of Kamel et al.[39], who
found that exposure to BPA raises LPO levels
while also altering CAT and GSH levels, both
of which point to oxidative stress. On the other
hand, the results of our study indicated that A.
officinarum extract provides high protection
against oxidative damage, as a significant
increase was observed in the CAT activity and
GSH levels in the protected group compared
to the group treated with BPA. Many studies
in this field showed the effectiveness of
extracts of this plant against oxidative
stress[29,35] Reid et al.,[40] stated that by
encouraging the expression of antioxidative
proteins, flavonoids compounds isolated from
A. Officinarum contributed to the protection
against oxidative stress.

By identifying broken DNA strands in
diverse cell types, the comet test is a well-
known and effective way to detect sperm
DNA damage.[41] There are various types of
DNA strand breaks that comet-assay
parameters may reflect, with tail DNA%
reflecting single-strand breaks and tail
moment reflecting double DNA breaks, which
are more mutagenic than single breaks.[42]
Errors in  chromatin  handling  and
isolation,[43] hormonal deficiencies, aberrant
cell apoptosis, and oxidative stress[44,45]
could harm sperm DNA. Although moderate

levels of ROS activity are thought to be
necessary for healthy sperm function, greater
levels may be harmful and may cause DNA
breakage and apoptosis in spermatozoa and
seminiferous tubules.[46]

Comet assay analysis in our study revealed a
significant DNA fragmentation of
spermatozoa in BPA group (Table 3; Fig. 1C).
This may be due to the increased oxidative
stress and high levels of ROS. These results
can be supported by many previous in vitro
and in vivo studies that used different doses
and time periods.[47] These changes appeared
to be significantly reduced in the group
protected with Alpinia extract (Table 3;
Figure 1D) which may be due to the
antioxidant efficacy of this extract.

CONCLUSION

We deduce from the experimental results the
effectiveness of the alcoholic extract of the
rhizomes of Alpinia officinarum and through
its antioxidant activity in reducing all the
detrimental changes that resulted from
exposure to BPA (50 mg/kg), which caused a
significant decrease in the weights of the testes
and epididymis, an increase in oxidative
processes, a weakening of Antioxidant
enzymes' effectiveness, and DNA
fragmentation in a significant number of
spermatozoa.
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