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Introduction

Spermatogenesis
genes and can be

The environmental

The experimental

is controlled by a few
influenced by environmental
factors that produce proteins with different functions.
factors
expression by activating and deactivating genes to
determine how an organism develops [1]. Various
environmental factors have been used to determine
their effect on the quality of sperm, ranging from the
provision of certain foods, such as shellfish [2], [3], [4],
Vitamins C and E [5], [6], [7], [8], chemical elements
effects [9], [10], [11], mineral nutrients [12], [13], and
photoperiodism [14]. The genetic studies on the effect
of the low sperm quality on male infertility have been
reported [15], [16], [17], [18], [19], [20].

studies in
medical, or pharmaceutical science mostly use mice
(Mus musculus) as the object because they have
DNA organization and gene expression comparable
to humans. Moreover, their maintenance is relatively
easy and inexpensive, involving a short period in life,
having a rapid reproductive rate, and not requiring
a large place [21]. The mice are determined as the

Abstract

BACKGROUND: The mice are categorized as the nocturnal animal meaning that most of the activity conducted in
dark environment. However, the treatment of mice as the object studied in the laboratory often experiences the lack
attention especially the treat to light exposure to mice during the investigation period which potentially affect the result.

AIM: The present study aims to investigate the effect of light environment in the sperm quality, RNA quality, and body
weight of male Mus musculus.

METHODS: We compared in the mice the desired parameter onto the sample of 16 mice which kept in light and
dark cages for 6 weeks.

RESULTS: The results indicated that there was a significant difference in the number of sperm, concentration, and
purity of RNA between the mice exposed in dark and light environment. The average number of sperm from the ones
kept in the dark was found twice as much as those in the light condition. The average RNA concentration in the dark
was higher than in the light place but the RNA purity in the dark was lower than the light place. However, the motility
and morphology of sperm was not showing any significancy different in both conditions.

CONCLUSION: The result proved that the natural light of cages for treating the mice in the laboratory influences the
amount of sperm and the quality RNA. Therefore, the control of the light room in the experimental laboratory needs to be
considered, especially during the further experiment which related to the quality of sperm, RNA, and body weight of mice.

nocturnal animal where most of their daily activities,
including eating and drinking, are performed in the dark
phase. However, the maintenance of these animals
in the laboratory often lacks attention in terms of their
characteristics. Most of researcher or student place
the as-studied mice in a place with the light exposure.
The effect of light exposure on the organism has been
reported. It has been shown that night light can increase
the risk of metabolic and neuroendocrine function
disorders and impair reproductive function along with
increased exposure [22]. This finding is supported by a
study on students in Japan who were exposed to artificial
light at night, influencing the reduction of their sleep
duration [23]. Moreover, mice receiving a total of 24 h
of light showed an increased depressive behavior [24].

influence the gene

The molecular study of the relationship between
light and gene expression involved in regulating the
biological functions of animals has not been fully
explained yet. Sunlight exposure, including the light-
dark cycle on the gene expression of PAX6 in the sea
urchin Strongylocentrotus intermedius, shows a different
expression in the pattern of S. intermedius between light
and dark conditions. PAX6 is a gene that plays a role in
the development and photoreception of eyes in animals.
A daily cycle with an interval of 3 h shows a conflicting

biological,
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relationship between light intensity and gene expression.
When light reaches its highest intensity, the PAX6
reaches the lowest level of relative gene expression
proved that PAX6 as the light dependent genes.

A study of the regulation mechanism of gene
expression in response to blue and red visible light
exposure in zebrafish reveals that both lights induce
the gene expression. The mechanism is determined
by the promoter elements D-box enhancers. The
mechanism of expression uses the extracellular signal-
regulated kinase (ERK) and mitogen-activated protein
kinase (MAPK) pathways, which are highly dependent
on the wavelength of light. Blue light activates gene
transcription through a negative regulatory mechanism
from the ERK/MAPK pathway, whereas red light does
not use the pathway [26]. The finding of the effect of
light in the gene expression of animals triggered us to
investigate the effect of light exposure in the mice. The
study would use three main parameters which were the
sperm quality, ribonucleic acid (RNA) quality, and body
weight of mice. The result was expected as the valuable
information, especially for the researcher or student who
conducted the research using the mice as the studied
object in which the effect of light exposure could be as
one of parameter that they should be considered.

Materials and Methods

This research was conducted in the laboratory
of the Polytechnic Bioscience Jember-Indonesia. This
research has been approved to use the animal as
the object by the Research Ethics Commission from
Brawijaya University with the Ethical Clearance number
1061-KEP-UB. The 4-week-old male of Mus musculus
(n=32) was obtained from the Laboratory of Animal
Physiology, Islamic University of Malang. The mice
maintenance cage was made of a plastic box covered
by wire with a wood shavings base. After 1 week of
acclimation, the mice were divided into two groups
(n=16), and four mice were placed in one cage with
a total of four cages for one condition. The first group
was taken care of by closing the cage with cardboard,
whereas the cage of the other group was left open to let
the light illuminate the cage. Both groups were placed
in the same room where the light group received light
from sunlight during the day and lamp during the night,
whereas the dark group did not receive light during either
day or night. The treatment was carried out for 6 weeks,
and food and drink were provided ad libitum for both
groups. Before observing the sperm, the animals were
weighed using an analytical scale (Ohaus Adventurer)
and scarified by cervical dislocation.

The mice epididymis was cut into small pieces
and suspended with a sterile saline solution of NaCl
0.9%. The number of sperm was observed by taking

a 250-500 ml suspension and etching at a Neubauer
counting chamber under a microscope (Olympus Bx43
with DP22 camera). The observation guidelines were
as follows: If there were <10 sperms in one box of the
Neubauer counting chamber, 25 boxes were counted,; if
there were 10-40 sperms, 10 boxes were counted; and
if there were >40 sperms, 5 boxes were counted. The
total amount was calculated from the average number
of sperm x dilution x 0.05 x 10°. Sperm motility was
calculated from the number of sperm moving forward
divided by 100 sperm obtained from 4-6 fields of
view under microscope x 100%. The morphology of
sperm was observed at a magnification of x1000 after
making smear preparations and staining with absolute
methanol for 5 min, safranin for 5 min, and three dyes of
phosphate buffer and crystal violet for 5 min. The normal
sperm was identified as those with a hook-shaped head
and a long straight tail.

The investigation of RNA quality used an RNA
isolation kit (Invitrogen, Catalog No. 15596.026). The
extraction process followed the manual procedure
of the kit through the process of homogenization
of 50-100 mg testes using Trizol reagent, RNA
precipitation with isopropanol and then washing with
75% ethanol, and RNA solubilization with RNase-free
water. The concentration of RNA was measured with
a spectrophotometer (NanoDrop), and the purity was
estimated by OD values at 260 and 280 nm.

To maintain the stability of the sample quality,
reverse transcription-polymerase chain reaction (PCR)
using an RT-PCR kit (Invitrogen, Catalog no. 18080-
051) was performed to obtain cDNA through the stages
of 10 ul RNA heated at a temperature of 70°C for
10 min then transported in ice, and 10x buffer (2 ul),
10 um deoxynucleotide triphosphates (dNTP; 2 ul),
random hexamer (1 ul), double-distilled water (ddH,O;
4 ul), and Dnase (1 ul) reagent were added so that the
total volume was 20 ul. The mixture was incubated at
37°C for 70 min and then transferred to a temperature
of 75°C for 15 min and finally placed at 4°C.

cDNA was checked using PCR primers for
Dazl (Daz like), an autosomal gene in most mammals
that play an important role in the early stages of
spermatogenesis compared to DAZ on chromosome
Y, and actin primer as an internal control gene. The
reagents used were PCR mix (6.8 ul; 10x buffer
[200 wl], dNTP [100 pl], dimethyl sulfoxide [40 ul], and
ddH,O [1020 wl]), forward and reverse primers (each
1 wul), cDNA (1 ul), and Taq polymerase (0.2 ul); the
total volume was 10 ul. PCR used a thermocycler
(Biometra, model Tprofessional Basic Gradient 96)
with the following program: Pre-denaturation at 95°C
for 5 min (denaturation at 95°C for 30 s, annealing
at 60°C for 30 s, and extension at 72°C for 30 s) for
35 cycles and final extension at 72°C for 5 min. The
result of PCR was run by electrophoresis through a
1% agarose gel and visualized under a gel dock. All
data were analyzed using statistical program R with
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the Shapiro—Wilk normality test and continued with the
independent two-sample t-test.

Results and Discussion

Figure 1 shows the result of the observation
of sperm quality from the mice which kept under light
or dark maintenance includes the amount, motility,
and morphology. The results indicated a signifycant
difference (p < 0.05) in number of sperm, whereas
motility and morphology were not significantly different
(p > 0.05).

120
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60 OOpen

40 m Dark
20

0

Amount of Motilitas Morfologi
Sperm Sperm Sperm

Figure 1: Sperm quality in the light (open) and dark group

The sperm were produced in the seminiferous
tubules of the testes and refined through maturation
in the epididymis until excreted. The process was
controlled by several hormones involved in the
hypothalamus-pituitary-testes pathway and can be
influenced by various environmental factors. The
hypothalamus  produces gonadotropin-releasing-
hormone that triggers the hypophyses to secret the
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). LH affects Leydig cells to produce
testosterone, whereas FSH stimulates Sertoli cells
to release androgen-binding protein (ABP). Both
hormones play the main role in the process of
spermatogenesis until the formation of mature sperm.
The testosterone begins to play a role after the stage of
primary spermatocytes, whereas FSH has a role in the
final spermatid stage until the formation of a complete
sperm. Through ABP, the testosterone is transported to
the epididymis to be converted to dihydrotestosterone,
which functions in the sperm maturation process so
that it can move actively [27].

Exposing the light to the nocturnal animals
initiated the stress to the animal and provided an impact
on the pituitary-testes hormonal pathway. The stress
response would trigger the release of the hormone
corticosterone, whereas an increase in this hormone
had a negative impact on the product inhibition of
testosterone as described in previous research [28].
The effect can occur since the early involvement of

testosterone due to the maintenance treatment of
conditions in this study, as early as when the animals
were 5 weeks old, whereas the age of adult mice
ranges from 35 to 60 days. This finding was supported
by a study in rats which states that psychological
stress could potentially cause decrease in the quality
and quantity of sperm [29], and a high level of stress
decreases the amount of 38% of normal sperm in
men [30]. This condition may explain the low number
of sperm in the light group exposed to continuous light
(Figure 1). The result was found similar with the research
conducted by Wu et al. (2012); the chronic stress in the
mice has a negative effect on female rat reproduction
through a decrease in the expression of BDNF (brain-
derived neurotrophic factor) in antral follicles, the
number of oocytes retrieved and the average formation
of blastocysts [31]. The epidemiological research
also reports that the stress associated with infertility
influences the success of pregnancy in couples [32].

The sperm motility was a second parameter
which investigated in this study, and motility determines
thefertilization ofthe ovum. Inthe simple word, the motility
indicated the progressive motility of sperm, namely, the
ability to move fast or slow, forward, straight, zigzag,
or circular in a large circular pattern [33]. The sperm
movement was caused by the movement of the tail of
sperm and affected by the energy contain in the sperm.
In general, the morphology of sperm has the head and
tail, which consists of the beginning (middle piece) and
the end (end piece). The energy used by the sperm was
derived from the conversion of ATP into ADP which was
processed in the mitochondria at the base of the tail.
The obtained energy was then transmitted to the tip so
that the sperm can do the movement [34].

In contrast to the number of sperm, the
results of the statistical analysis on motility had no
significant difference (p > 0.05) between the two
conditions. However, the average percentage of motile
sperms which expose the light condition had a lower
percentage (41.66%) compared to the maintenance
under dark condition (52.83%). This was presumably
due to the disruption of the availability of the stress-
related hormone testosterone exposure to light in the
group under light condition. The sperm motility was
obtained from the maturation process that occurred in
the epididymis. However, the morphological structure
of motile sperm in both conditions has the normal
morphology. Therefore, this disorder might occur in
glycolysis to produce energy (ATP).

The normal morphology of sperm in both
conditions could potentially become the reason why the
motility was not giving any significantly [27], [35], [36].
Along with sperm motility, the morphology analysis
of the two maintenance conditions also indicated no
significant difference. The average percentage of
normal morphology from under light (95.31) and dark
(93.50) conditions both had a percentage above 90%,
which was more than the normal standards of the
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World Health Organization (50%). The normal criteria
of sperm morphology were that the head resembles
tapered curved hooks [37] and the tail was long and
straight (Figure 2).

Figure 2: Normal sperm morphology

The completeness of the morphological structure
occurs during sperm maturation in the epididymis resulting
in progressively moving sperm [36] and then stored in
the cauda epididymis to be excreted [38]. Abnormal
sperm have double head, amorphous, micro, or without
tail shape, loop shaped, corner, or double tail [39]. In
this research, the observation obtained some abnormal
sperm in a small number that have micro head-folded tail
and loop-shaped tail, as shown in Figure 3. Theoretically,
the abnormal conditions affect sperm motility but having
a small number of abnormalities in the sperm could be
negligible.

Figure 3: Abnormal sperm morphology. Left: Head amorphous and
folded tail. Right: Loop-shaped tail

To be more specific in the presence of
abnormal morphology, there were two kinds of sperm
morphological abnormalities, namely, primary and
secondary abnormalities. The primary abnormality was
found as a head-shaped deformity, whereas secondary
abnormality was a tail-shaped deformity. The primary
abnormality occurred during spermatogenesis in the
spermiogenesis stages, which was the change of
spermatids into sperm in the seminiferous tubules,
whereas secondary abnormality occurred due to
interference during the process of sperm in the
epididymis maturation [40].

The study was continued by analyzing the
effect of light exposure in the RNA quality. The result

showed that the light exposure in dark and light showed
a significant difference (p < 0.05) between light and
dark conditions. The RNA concentration was the
amount of total RNA obtained from cells composing
the testes. The average concentration of RNA under
dark maintenance (4.433 + 0.911 ug/ul) was almost
seven times more than that under light maintenance
(0.642 £ 0.338 ug/ul) (Figure 4).

6
5
4
3
5 OOpen
1 m Dark
0
Data Konsentrasi Data ~ RNA Concentration RNA Purity
RNA (ug/pl) (ng/pl) Concentration (ug/pl)

Figure 4: The concentration and purity of ribonucleic acid from light
and dark group

In the study of gene expression, the study
proved that the sample from the dark condition showed
the more stable and higher compared to the sample
obtained from the light condition. Exposure to light
triggers various signaling pathways depending on
the wavelength of light that will determine the level
of regulation of gene expression. Blue and red light
activate gene transcription using the promoter element
D-box enhancer but are regulated by ERK-MAPK
signaling pathway [41], [42]. The circadian rhythms are
regulated by photoreceptors in the eye that absorbed
blue light from the sun. All cells express genes that can
maintain cellular time [43].

The results of this study are in accordance with
the results of a previous study, although quantitatively
RNA concentrations were measured and supported by
qualitative visualization in the form of RT-PCR results,
as shown in Figure 4. Dazl is a gene that plays a role
in the early stage of spermatogenesis, specifically the
formation of germ cells, so that the high concentration of
RNA in the dark condition is in line with the high number
of spermatozoa in the dark condition in this study.

Although both showed the difference, the purity
of RNA from the light maintenance group had a higher
value than the dark maintenance group. The RNA purity
was calculated from the comparison of the absorbance
at a wavelength of 260 and 280 nm. The RNA is
classified as pure quality if the ratio of the absorbance
value A260/A280 is 1.8-2. The average value of RNA
purity in the dark group (1.576) was lower than those
in the light group (1.815). This finding showed that the
light group had RNA purity according to the standards,
whereas the dark group RNA indicates the presence of
protein. This condition was consistent with the results of
the previous studies, which showed that dark conditions
increase the value of gene expression [25], although
this study did not measure the protein produced.

The quality of RNA samples was shown from
the results of electrophoresis after RT-PCR, as shown
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in Figure 5. Both samples were subjected to PCR with
one pair of Daz/ primer as a target gene and one pair of
actin primers as an internal control gene. The lengths
of amplicon were 700 and 100 bp, respectively. The
figure seems to correspond to the quality and purity of
the RNA sample, where the dark sample was clearer
than the RNA sample obtained from the light condition
sample, indicated that the one in light condition provided
a higher quality and purity of RNA compared to the one
obtained from the dark condition.

UL

Figure 5: Polymerase chain reaction result for light (left) and dark
(right) samples. M = Marker A = Actin

The study of the effect of light exposure on
the body weight of mice did not show a significant
difference (p > 0.05). However, the average weight
of the dark group (30.43 g) is higher than that of
the light group (27.62 g), as shown in Figure 6.
The animals in the light group received light all
day, which was opposite to their normal nocturnal
characteristics. This can result in a change in their
feeding behavior. Furthermore, the continuous light
exposure would trigger nocturnal animals to rest
continuously resulting in less weight compared to the
normal condition (dark). This result was consistent
with a previous study [14], which showed that a
group of animals exposed to bright light for 24 h
has decreased body weight compared to a group
of animals exposed to light for 18, 12, and 6 h. The
longer light exposure also caused the stress to the
animals, and to compensate for the stress, it takes
energy from the conversion of glucose or fat, causing
weight loss [44], [45].

40 A
30 - I
20 - OOpen
m Dark
10 -
0 .
Open Dark

Figure 6: Average of body weight for light and dark group

Conclusion

The condition of light exposure provided an
impact to the quality of mice sperm where the light
exposure could less total amount of RNA but a better
purity. Furthermore, the light exposure differentiated
the feeding and resting behavior of sample, but the
changes of behavior did not cause any significant
different on sample weight. The result proved that
the natural light of cages for treating the mice in the
laboratory influences the amount of sperm and the
quality RNA. Therefore, the control of the light room in
the experimental laboratory needs to be considered,
especially during the further experiment which related
to the quality of sperm, RNA, and body weight of mice
to avoid the biased study result.
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