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Addition of Sodium Hyaluronate to Ringer Lactate-Egg Yolk Diluent
on the Quality of Native Chicken Sperm
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ABSTRACT. This study aims to evaluate the effect of adding varying concentrations of sodium hyaluronate (SH) to a Ringer
lactate-egg yolk diluent on the quality of native chicken spermatozoa during 48 hours of storage. A completely randomized design
(CRD) was used with four treatment groups: control (diluent without SH), diluent with 63 uM SH, 103 uM SH, and 143 uM SH.
The study involved six replications with pooled semen from three native chickens aged approximately 10 months. Semen was
collected, diluted, and stored at 5°C for 48 hours. Parameters observed after storage included motility, viability, plasma membrane
integrity, acrosome integrity, DNA damage, and mitochondrial activity. Data were analyzed using analysis of variance (ANOVA).
The results indicated that the treatments had no significant effect (P>0.05) on any of the spermatozoa quality parameters. The
observed values for motility, viability, plasma membrane integrity, acrosome integrity, DNA damage, and mitochondrial activity
were 46.67-50%, 95.11-96.55%, 92.77-95.55%, 4.77-5.44%, and 71.05-75.37%, respectively. In conclusion, the addition of sodium
hyaluronate at concentrations of 63-143 uM in a Ringer lactate-egg yolk diluent does not significantly affect the quality of native

chicken spermatozoa during 48 hours of storage at 5°C.
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INTRODUCTION

Acrtificial insemination (Al) is a widely
utilized reproductive technology in livestock
management that contributes significantly to
increasing productivity. In poultry, including
native chickens, Al presents considerable potential
for enhancing both the quality and quantity of day-
old chicks (DOC). According to Kharayat et al.
(2016), Al offers several advantages in poultry,
such as improving mating ratios (up to four times),
enabling mating of injured males, preventing
preferential mating, and facilitating crossbreeding.
However, the success of Al is highly dependent on
the quality of spermatozoa, which tends to
deteriorate over time during storage.

Cold storage is a commonly used method to
preserve spermatozoa viability before artificial
insemination. While storage enables semen to be
used over extended periods, one of the challenges
associated with this process is the decline in
spermatozoa quality. The longevity of chicken
spermatozoa decreases significantly after 24 to 48
hours of storage (Khunkaew et al., 2021).
Consequently, ongoing research focuses on
identifying methods or additional substances that
can help maintain spermatozoa quality during
storage.

Excessive production of reactive oxygen
species (ROS) during spermatozoa storage can
cause DNA damage and disrupt axonemal and
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mitochondrial ~ proteins.  These  disruptions
negatively affect mitochondrial activity and
axonemal integrity, ultimately resulting in reduced
spermatozoa motility (Kameni et al., 2021).
Additionally, the plasma membranes of chicken
spermatozoa contain high concentrations of
polyunsaturated fatty acids, making them more
susceptible to oxidative stress compared to
mammalian spermatozoa. Lipid peroxidation can
alter membrane structure, permeability, and
fluidity, thereby impairing the acrosome reaction
and reducing spermatozoa fertility (Barbarestani et
al., 2024). Therefore, the inclusion of antioxidants
is crucial to maintaining the quality of chicken
spermatozoa during cold storage (Ledo et al.,
2021).

Hyaluronic acid, a well-known antioxidant,
has been shown to reduce reactive oxygen species
levels in various cell types (Galvez-Martin et al.,
2023). Studies have demonstrated that hyaluronic
acid prevents lipid peroxidation and preserves the
quality of chicken spermatozoa during freezing
(Lotfi et al., 2017). Other research suggests that
hyaluronic acid helps maintain the motility and
membrane integrity of pig spermatozoa post-
freezing (Pena et al., 2004). Moreover, hyaluronic
acid has been shown to preserve motility, vitality,
and fertility in rat spermatozoa after
cryopreservation (Bakhtiari et al., 2007).

Despite these findings, sodium hyaluronate,
the sodium salt form of hyaluronic acid, has not
been previously studied as a semen extender.
Sodium hyaluronate is believed to protect against
oxidative stress by reducing reactive oxygen
species and enhancing enzymatic antioxidant
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activity (Lin et al., 2023). Therefore, this study
aims to investigate the effects of adding various
concentrations of sodium hyaluronate (SH) to a
Ringer lactate-egg yolk extender on the quality of
native chicken spermatozoa during 48 hours of
storage.

MATERIALS AND METHODS

Research Design

This study employed a completely
randomized design (CRD) with four treatment
levels and six replications. The treatments applied
were: diluent without sodium hyaluronate (SH)
(P0), diluent with SH at 63 uM (P1), diluent with
SH at 103 uM (P2), and diluent with SH at 143 uM
(P3).

Chicken Maintenance

Three male native chickens, each
approximately 10 months old, were used as the
semen source. The chickens were housed in
individual cages and fed 100 g/head/day of feed
containing 20-21% crude protein. Drinking water
was provided ad libitum.

Diluent Preparation

The basic diluent consisted of 90% Ringer
lactate (PT. Widatra Bakti, Indonesia) and 10%
chicken egg yolk. The mixture was stirred for
5 minutes and then centrifuged at 2000 rpm for
15 minutes. The supernatant was retained, and the
pellet was discarded. To this diluent, 1000 1U/ml of
penicillin (PT. Meiji, Indonesia) and 1 mg/ml of
streptomycin (PT. Meiji, Indonesia) were added.
The pH of the diluent was adjusted to 8.0 using tris
hydroxyl aminomethane. The prepared diluent was
divided into four microtubes, each receiving
different concentrations of super low molecular
weight sodium hyaluronate (DNA Code, USA)
according to the designated treatments.

Semen Collection

Semen was collected using a cloacal
massage method as described by Kucera and
Heidinger (2018). The semen produced was
collected using a syringe. Semen collection was
performed three times a week, with one sample
collected per session for subsequent analysis.

Semen Dilution and Storage

Semen samples with motility greater than
70% were diluted at a 1.5 ratio with the prepared
diluent. The diluted semen was stored in a
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refrigerator at 5°C for 48 hours to simulate cold
storage conditions.

Evaluation of Sperm Motility

Semen was placed on a glass slide, covered
with a cover slip, and observed under a light
microscope (Olympus CX33, Japan) at 400x
magnification across 5 fields of view. Motility was
assessed subjectively by comparing the number of
motile and non-motile spermatozoa.

Sperm Viability

Sperm viability was assessed using eosin-
nigrosin staining, as described by Agarwal et al.
(2016). A drop of semen was mixed with eosin-
nigrosin stain, homogenized, and smeared onto a
new glass slide. The stained slide was observed
under a light microscope at 400x magnification,
with a minimum of 200 spermatozoa counted.
Spermatozoa that absorbed the stain were
considered dead, while those that did not absorb the
stain were considered alive (Figure 1).
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Figure 1. Observation results of chicken spermatozoa
viability with eosin-nigrosin staining. a. dead
spermatozoa  (absorb  color), b. live
spermatozoa (do not absorb color)

Evaluation of Sperm Plasma Membrane
Integrity

To evaluate plasma membrane integrity,
10 ul of liquid semen was mixed with 100 pl of
hypoosmotic swelling test (HOST) solution and
incubated at 37°C for 30 minutes. The HOST
solution contained 0.09 g of fructose and 0.049 g of
sodium citrate dissolved in 10 ml of distilled water
(Najafi etal., 2019). The mixture was dropped onto
a glass slide, fixed with eosin-nigrosin, and
examined under a light microscope at 400x
magnification. A minimum of 200 spermatozoa
were analyzed. Spermatozoa with intact plasma
membranes (HOST positive) showed bending at
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the tail or middle, while those with compromised
membranes (HOST negative) showed no bending
(Figure 2).
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Figure 2. The results of observations of the integrity of
the chicken spermatozoa plasma membrane
using the hypoosmotic swelling test (HOST)
method. a. intact membrane (HOST positive),
b. incomplete membrane (HOST negative)

Evaluation of Sperm Acrosome Integrity

For acrosome integrity, a drop of semen was
mixed with 5% formalin on a glass slide,
homogenized, and smeared. The slide was dried,
incubated at 37°C for 30 minutes in 5% formalin,
and then washed with running water. It was then
stained with Coomassie Brilliant Blue (CBB)
solution, which consisted of 0.25% CBB R-250
powder (BBI Life Sciences, Canada) dissolved ina
solution of 25% methanol and 10% glacial acetic
acid (Silyukova et al., 2022). After incubation for
5 minutes at room temperature, the slide was
washed with water, dried, and observed under a
light microscope at 1000x magnification.
Spermatozoa with intact acrosomes showed a thick
blue color at the head end, while damaged
acrosomes showed a reduced blue color (Figure 3).

Evaluation of Sperm DNA Damage

Semen was smeared onto a glass slide, dried,
and fixed in a 96% ethanol-acetone solution (1:1
ratio) for 30 minutes at 4°C. The slide was dried at
room temperature, hydrolyzed in 0.1 N HCI
solution for 5 minutes at 4°C, washed three times
with running water, and air-dried. The slide was
then stained with Toluidine Blue (Rui et al., 2017).
After 20 minutes of incubation, the slide was rinsed
with running water and dried. Observations were
made under a light microscope at 1000x
magnification, analyzing at least 200 spermatozoa.
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Spermatozoa with damaged DNA appeared dark
blue-purple, while those with intact DNA appeared
light blue-purple (Figure 4).
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Figure 3. The results of observations of the integrity of
chicken spermatozoa acrosomes using

Coomassie brilliant blue staining. a. intact
acrosome, b. damaged acrosome
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Figure 4.0bservation  results ~ of  chicken

spermatozoa DNA damage with toluidine
blue staining. a. intact DNA, b. damaged
DNA

Addition of sodium hyaluronate to ringer lactate-egg yolk diluent on the quality of native chicken sperm (Khaeruddin et al.)

46



Evaluation of Mitochondrial
Spermatozoa

Mitochondrial activity was assessed using
3,3’-diaminobenzidine (DAB) staining (Sigma-
Aldrich, US), following the protocol of Rui et al.
(2017). A 10 pl semen sample was mixed with 10
pl of DAB solution (10 mg of DAB dissolved in 10
ml phosphate-buffered saline) and incubated at
37°C for 1 hour in the dark. After incubation, 10 pl
of the mixture was smeared onto a glass slide and
air-dried in the dark. The slide was then covered
with immersion oil and observed under a light
microscope at 1000x magnification, with at least
100 spermatozoa analyzed. Active mitochondria
(DAB 1) showed complete staining along the
middle part of the spermatozoa, while less active
mitochondria showed incomplete staining (Figure
5).
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Figure 5. Observation results of chicken spermatozoa
mitochondrial activity with 3,3-
diaminobenzidine (DAB) staining. a. 100%
active (DAB 1), b. active <50% (DAB III),
c. active >50% (DAB I1)

Data Analysis

Data were analyzed using Analysis of
Covariance (ANOVA) to assess the effect of the
treatments. Statistical analysis was performed
using the IBM SPSS 25 software.

RESULTS AND DISCUSSION

Sperm Motility

The treatment of various concentrations of
sodium hyaluronate did not have a significant
effect (P>0.05) on the motility of kampung chicken
spermatozoa stored for 48 hours. This could be due
to the sodium hyaluronate concentrations being
suboptimal to affect sperm motility. It is possible
that the concentrations were too low to have
a meaningful impact on the sperm environment.
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Sperm motility is influenced by both extrinsic and
intrinsic factors, and is regulated by complex
molecular and structural signaling mechanisms
(Dcunha et al., 2022). These findings align with
Lotfi et al. (2017), who also observed no difference
in motility between frozen chicken spermatozoa
with or without the addition of 1 mM and 4 mM
hyaluronic acid. In the present study, the motility
values ranged from 46.67% to 50%, which falls
into the moderate category. According to Sun et al.
(2019), motility wvalues in chickens were
categorized into low (38%) and high (62%) groups,
suggesting that motility between 40-50% can still
support sperm fertility for 48 hours of storage. In
this study, the motility value obtained is similar to
that of native chicken spermatozoa stored with
askim milk-based diluent, which was 49%
(Khaeruddin et al.,, 2020; Khaeruddin and
Srimaharani, 2019). A motility value of 49-50%
was also reported for White Leghorn chickens with
palmitoleic acid added to a phosphate buffer
diluent (Rad et al., 2016), while other studies
reported lower motility, such as 44% in Cemani
chicken spermatozoa using a skim milk phosphate
diluent (Budi et al., 2020), and 31.56% in native
chicken spermatozoa with an astaxanthin-
supplemented ringer lactate-egg yolk diluent
(Pratiwi et al., 2019).

Motility is often used as a predictor of
fertility, as motility values are closely related to
fertility outcomes (Sun et al., 2019). However, a
decrease in motility was observed after 48 hours of
semen storage in this study. Spermatozoa are
exposed to osmotic, biochemical, and thermal
stressors during storage (Gibb et al., 2015), which
forces the sperm to adapt, undergoing metabolic
and structural changes that can impair motility
(Rizkallah et al., 2022).

Sperm Viability

The addition of various concentrations of
sodium hyaluronate in the diluent had no
significant effect (P>0.05) on the viability of
kampung chicken spermatozoa. The sodium
hyaluronate concentration may have been too low
to impact sperm viability or might have shown an
effect with longer storage periods. The viability
observed in this study (95.11-96.55%) was higher
than the 41.52% reported for kampung chicken
spermatozoa stored in a ringer lactate-egg yolk
diluent with added astaxanthin (Pratiwi et al.,
2019). The viability in this study also exceeded
other reports for different chicken breeds: 87.96%
in Gaga chicken spermatozoa using a ringer lactate-
egg yolk diluent with butylated hydroxytoluene
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(BHT) (Khaeruddin et al., 2024), 76.66% in Broiler
chicken spermatozoa with phosphate buffer diluent
and oleic acid (Eslami et al., 2016), and 75.33% in
White Leghorn chicken spermatozoa with
phosphate buffer and palmitoleic acid (Rad et al.,
2016). Notably, sperm viability was higher than
sperm motility in this study, as not all viable
spermatozoa are motile (Reynolds et al., 2017).

Sperm Plasma Membrane Integrity

The addition of sodium hyaluronate in the
diluent had no significant effect (P>0.05) on the
integrity of the chicken spermatozoa plasma
membrane after 48 hours of storage. This finding
aligns with the report by Lotfi et al. (2017), which
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stated that the plasma membrane integrity of
chicken spermatozoa after freezing did not differ
between the control treatment and the addition of
1mM and 2 mM hyaluronic acid. The plasma
membrane integrity remained relatively high after
48 hours of storage, approaching the viability value
observed in this study. This value was higher than
previous reports, such as 89.12% in Gaga chicken
spermatozoa with Ringer's lactate-egg yolk diluent
supplemented with BHT (Khaeruddin et al., 2024),
77.32% in Rhode Island Red chicken spermatozoa
in a tris citric acid-egg yolk plasma diluent with
added a tocopherol (Mavi et al., 2022), and 35.6%
in broiler chicken spermatozoa using BPSE diluent
with L-Carnitine (Fattah et al., 2017).

Tabel 1.Quality of native chicken spermatozoa after 48 hours of storage at a temperature of 5°C with the addition of

various concentrations of sodium hyaluronate (SH)

Variable PO P1 P2 P3

Motility (%) 46.67+2.47 49.17+2.01 50.00+1.83 47.50+£2.14
Viability (%) 95.11+0.82 95.64+0.25 95.47+0.84 96.55+0.61
Plasma membrane integrity (%) 95.25+0.92 95.88+1.17 96.04+1.27 96.83+0.77
Acrosome integrity (%) 92.77+£2.04 95.36+1.29 95.55+1.37 94.71£2.2
DNA damage (%) 5.18+1.32 5.44+0.37 4.77+1.12 5.24+1.44
Mitochondrial activity (%) 71.05+4.71 75.014£3.95 71.42+3.84 75.37+4.06

Note: PO= Control (without SH), P1= SH 63 uM, P2= 103 SH pM, and P3= SH 143 uM

Sperm Acrosome Integrity

The addition of various concentrations of
sodium hyaluronate had no significant effect
(P>0.05) on the integrity of the acrosome of
chicken spermatozoa. The percentage of acrosome
integrity remained very high, indicating that only a
few acrosomes were damaged during storage. The
acrosome is critical for spermatozoa to penetrate
the egg membrane and form male pronuclei in the
female egg, facilitating fertilization (Kim et al.,
2022). The acrosome reaction releases acrosin, an
enzyme crucial for fertilization (Santiago-Moreno
& Bleshois, 2020). The results from this study
showed higher acrosome integrity than those
reported previously, such as 74.6% in Rhode Island
Red chicken spermatozoa with tris citric acid-egg
yolk plasma diluent and added o tocopherol.
However, other studies reported even higher
values, such as 98% in Gaga chicken spermatozoa
using egg yolk lactate Ringer diluent with BHT
(Khaeruddin et al., 2024) and 100% in spermatozoa
treated with coconut water-orange juice tris diluent
(Balogun, 2021).

Sperm DNA Damage

The treatment with various concentrations of
sodium hyaluronate had no significant effect
(P>0.05) on DNA damage in chicken spermatozoa

during the 48-hour storage period. According to
Radwan et al. (2016), oxidative stress is a major
cause of DNA damage in spermatozoa. The lack of
significant effect in this study may be due to the
low concentration of sodium hyaluronate, which
was insufficient to prevent oxidative stress in the
spermatozoa.

DNA damage observed in this study was
lower (4.77-5.44%) than the 5.99% reported in
Gaga chicken spermatozoa using Ringer's egg yolk
lactate with BHT (Khaeruddin et al., 2024) and
13.55% in green jungle fowl spermatozoa using
egg yolk phosphate diluent with astaxanthin (Bebas
et al., 2016). Protecting spermatozoa DNA is
essential for successful fertilization and normal
embryo development, as sperm cells transmit an
intact copy of the paternal genome (Agarwal et al.,
2020; Gosalvez et al., 2024).

Mitochondrial Activity of Sperm

The addition of various concentrations of
sodium hyaluronate had no significant effect
(P>0.05) on the mitochondrial activity of chicken
spermatozoa after 48 hours of storage. The
percentage of 100% active mitochondrial activity
(DAB 1) was relatively high compared to several
previous studies: 68.12% in Gaga chicken
spermatozoa with Ringer's lactate-egg yolk diluent
and BHT (Khaeruddin et al., 2024), 23.4% in Ross
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strain chicken spermatozoa with Lake diluent and
mitochondria-targeted antioxidant (MitoQ), 19.2%
in broiler chicken spermatozoa using BPSE diluent
with L-carnitine (Fattah et al., 2017), and 17.8% in
broiler chicken spermatozoa with Lake diluent and
Coenzyme Q10 (Masoudi et al., 2019).

Mitochondria play a crucial role in cellular
processes such as energy production, apoptosis,
and calcium homeostasis (Costa et al., 2023). One
of their primary functions is ATP synthesis through
cellular respiration, with ATP being essential for
various sperm functions, including motility and
fertilization (Durairajanayagam et al., 2021;
Jeyendran et al., 2021).

CONCLUSION

The addition of sodium hyaluronate at
concentrations of 63-143 uM in Ringer lactate-egg
yolk diluent did not significantly affect the quality
of kampung chicken spermatozoa during 48 hours
of storage at 5°C.
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