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Abstract. Abinawanto A, Lestari S, Bowolaksono A, Dwiranti A, Lestari R, Gustiano R, Kristanto AH. 2023. Title The effect of different
honey concentrations on the ultrastructure profile of spermatozoa in Dewa Mahseer (Neolissochilus soro). Biodiversitas 24: 1025-1031.
Dewa Mahseer (Neolissochilus soro) is one of Indonesia's endemic freshwater fish at risk of population decline due to water pollution
and asynchronous maturation of gonads. One of the efforts to conserve this species is preserving their spermatozoa using honey as a
protector at certain temperatures. Therefore, this study aims to evaluate the effect of multiflora honey concentrations on ultrastructure
spermatozoa profile of Dewa Mahseer. The temperature was maintained at 4°C and stored for 48 hours, followed by the cement dilution
(2:10) in a stock solution containing fish ringer and honey. Transmission electron microscopy (TEM) examined the spermatozoa profiles
at a magnification of x1,500. Furthermore, ANOV A one-way analysis of variance was conducted to test the effect of head length, width,
and area of spermatozoa on honey. The results showed a statistically significant difference in head width (F=13.929, p=0.001). Also,
there is a difference in area between honey spermatozoa, fresh spermatozoa, and without honey at a cold of 4°C. The fresh spermatozoa
stored at cold temperatures without honey observed considerable membrane damage. The novel aspect is an investigation of the effect of
honey as a natural protector in the storage of Neolissochilus spermatozoa at 4°C for 48 hours. This study can be applied as a guide for
the 48 hours of spermatozoa in a cold temperature in fish farming.
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INTRODUCTION

Cold storage of fish sperm is a common technique used
for short-term gamete conservation in aquaculture
(Shaliutina et al. 2013). It is kept at a low temperature,
usually -196-4°C, for short periods, such as hours up to
weeks, to maintain motility, fertility, and metabolic
activity (Shaliutina et al. 2013). Furthermore, the
technique improves the reproductive process in
fertilization using  post-preservation  sperm
because it can maintain the condition of the sperm
in the preservation process (Contreras et al. 2019). The
process should be performed with low light intensity,
temperatures between 0 to 4°C, and a saturated oxygen
atmosphere (Shaliutina et al. 2013). Cold storage is
necessary for several reasons, such as (i) maintaining
control and continuous supply of gametes to have a
constant stock of oocytes, (ii) lowering the cost of
permanently storing broodstock for artificial fertilization,
(iii) maintaining sperm quality during transport from the
culture site to the fertilization site and incubation at
different positions, (iv) keeping the stock of available
sperm once sexual maturation between males and females

is out of sync, and (v) conducting studies for conservation

of genetic inheritance useful for hybridization and
genetic  selection programs, as well as sperm
cryopreservation (Contreras et al. 2019). Therefore,

procedures for storage have been developed with
modified methods for specific optimization (Dietrich et al.
2021). However, an optimal storage procedure without
decreasing sperm quality is yet to be developed.

The study by Cheng et al. (2022) reported cellular
and molecular damage that affects mitochondrial function
and spermatozoa quality after cold storage in common
carp (Cyprinus carpio). Changes during storage result in
decreased sperm motility, plasma membrane function,
acrosome integrity, DNA fragmentation (Amidi et al.
2016), and decreased fertility (Park et al. 2022). That is due
to oxidative stress, which causes an imbalance between
free radicals and antioxidant protective activity. Therefore,
methodological approaches are continuously being
developed to evaluate the integrity of spermatozoa
membranes. Those approaches start from the biochemical
environment and physical conditions that need to be
changed sequentially to improve spermatozoa preservation
(Contreras et al. 2019). One methodological approach
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being developed is the addition of protective compounds
containing antioxidants. Honey is a mixture of 25 sugars
with other bioactive substances, such as organic acids,
enzymes, antioxidants, and vitamins (Cheepa et al. 2022).
Therefore, it can potentially protect the extracellular
environment during preservation because it contains large
amounts of different sugars and supports to increase in the
flow of intracellular fluid, thereby protecting the
cytoplasmic regions of sperm (Fakhrildin et al. 2014). In
addition, several antioxidant compounds are also
contained in honey, including flavonoids, galagin,
pinobaxin, and vitamin C (El-Sheshtawy et al. 2014).
The antioxidant properties of honey play an important
role in protecting cells from thermal damage by reducing
reactive oxygen species (ROS) (Cheepa et al. 2022).

The relevant parameter for the evaluation of
conventional semen is spermatozoa morphology which
can be used as a valid biomarker of functional deficiency,
as well as providing information about the possibility of
fertilization (llieva et al. 2012). Information from
spermatozoa morphology as part of a complete
semen analysis is becoming increasingly significant
from a clinical point of view for infertility (Oehninger
and Krugel 2021). Ultrastructural studies using electron
microscopy specifically identify spermatozoa
morphological defects and degenerative changes that could
decrease fertilizing capacity (llieva et al. 2012).
Uswatun et al. (2020) reported the effect of
cryopreservation on the ultrastructure of catfish albinos
(Pangasius hypophthalmus) with fresh spermatozoa
that bhad intact cell membranes, mitochondria, and
flagella. Meanwhile, post-equilibration  spermatozoa
appear to have a longer head width than fresh, but the
structure is still intact. There was damage to cell
membranes in the head and mitochondria, breaking the
flagellum in preserved spermatozoa. The morphology
aspects, such as midpiece size and flagella length, can be
used as an index to assess the ability to fertilize
(Bitencourt da Costa et al. 2022). Any abnormalities in
these characteristics can affect the ability of
spermatozoa to fertilize (Holt and Comizzoli 2022).
Therefore, morphology plays an important role in
fertilization and embryo development. Ultrastructural
studies of spermatozoa provided information on
physiological functions for optimizing storage
protocols. Those studies aim to obtain sufficient numbers
for in vitro fertilization (Diaz et al. 2019). Ultrastructure
refers to the finest biological structure of an organism
that requires high magnification obtainable with electron
microscopy (Schneider et al. 2010). It plays a vital role in
biology, including components of cell architecture, which
is performed using an electron microscope with high
magnification capabilities (Narida et al. 2022). Electron
microscopy is also used in diagnostic pathology,
comparative animal and plant anatomy, functional
morphology, cellular integrity, and mitochondrial
membrane potential (Figueroa et al. 2014). A
comprehensive study of ultrastructural observations can
understand the mechanisms underlying the failure of the
cellular response to preservation. The morphological and
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ultrastructural changes of post-preserved spermatozoa have
been studied in fish species such as Giant Grouper
(Epinephelus lanceolatus) (Narida et al. 2022), Atlantic
Salmon (Salmo salar) (Figueroa et al. 2016), and Soho
salmon (Oncorhynchus kisutch) (Sandoval-Vargas et al.
2022). These studies showed several inter-specific
morphological changes marked by the plasma membrane,
head swelling, and flagellar coiling. However, findings on
such changes in Dewa mahseer (Neolissochilus soro)
spermatozoa are sparse. This study aims to evaluate
different honey concentrations' effect on  the
characterization of morphological and ultrastructural
changes in Neolissochilus soro spermatozoa, maintained
the temperature at 4°C storage for 48 hours.

MATERIALS AND METHODS

Procedures
Semen collection

Semen was collected using the stripping technique
with a 3 mL syringe and placed in a microtube filled with
stock solution and honey. The stock solutions consist of
a fish ringer extender and protectant. Fish ringer
extender made from 3.25g NaCl, 0.125g KCI, 0.175g
CaCl;.2H,0, and 0.1g NaHCO; with distilled water
until the volume reaches 500 mL (Draper et al. 2008).
The ratio of semen to the stock solution was 1:10, and the
stock solution preparation was based on Table 1.

Storage at 4°C

The Semen microtubes were stored in a refrigerator at
4°C for 48 hours. Next, left at room temperature for 35
seconds and fixed using 2.5% glutaraldehyde in cacodylate.
Subsequently, the semen was observed through
transmission electron microscopy (TEM).

Ultrastructure analysis

All spermatozoa samples were fixed with 1 mL of
2.5% glutaraldehyde and cacodylate buffer, following Luo
et al. (2011). Next, the samples were dehydrated,
described, and embedded in pure resin. Ultra-thin sections
of 60 to 100 nm thickness were collected using glass
knives, and sections were placed on copper grids, then
stained with uranyl acetate and lead citrate. The
ultrastructure of spermatozoa was screened by TEM.
Meanwhile, a sample from each treatment was examined
using TEM, so the total sample observed was 5.
Micrographic analysis was performed using ImageJ v1.50i
software (Luo et al. 2011).

Table 1. Stock solution dilution

Honey Extender Protectant Sperm
concentration(%o) (uL) (uL) (uL)
0 450 - 50
0.5 440 10 50
1 430 20 50
15 420 30 50
2 410 40 50
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Data analysis

Images from TEM and morphometric data were
processed using NIH ImageJ. In each sperm, the length,
width, and area of the flagellum-shaped head were
scored. Sperm head length is defined as the longest area of
the head. Meanwhile, the width is the widest width of the
head perpendicular to the length measurement (Gu et al.
2019). The results are expressed as a percentage (meanzx
standard deviation). Furthermore, the data is tabulated, then
the normality test is performed using the Shapiro-Wilk, and
the homogeneity test is continued using the Levene test.
Finally, if the data obtained is normally distributed and
varies homogeneously, the one-way analysis of variance
test (ANOVA) is continued to compare the percentage
values of the width, length, and area of the head of
spermatozoa and proceed with the Tukey test.

RESULTS AND DISCUSSION

Transmission electron microscopy (TEM) with the Cell
Block Preparation protocol revealed differentiation
between the heads and center (neck) of spermatozoa
preserved with honey and without honey (Figures 1.A-B)
to fresh spermatozoa (Figures 1.C-D). While scanning
transmission electron microscopy (TEM) with a negative
staining protocol showed that all spermatozoa that were
preserved without honey (the control) were in a coiled
condition (Figure 1.A), while spermatozoa that were given
honey had wavy tails (Figure 1.B).

Membrane damage on several parts of the spermatozoa
head was observed from the transmission electron
micrograph by a cross-section of the spermatozoa head.
The mitochondria observed in the control were severely
damaged, characterized by incomplete cell membranes and
incomplete chromatin formation (Figure 2.A). Some
damage also occurred to the spermatozoa head's cell
membrane, which was preserved using a honey
concentration of 0.5% (Figure 2a) and 0% concentration
(2.B). That damage causes deformity of the spermatozoa
head, likely affecting their main function. At a
concentration of 1% honey (Figure 2.C) the condition of
the cell membrane on the head is still intact. However, at a
concentration of 2% honey (Figure 2.D) the cell membrane
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of the head was still intact, but there were sperm nuclear
vacuoles (NV) in the chromatin area, indicating DNA
fragmentation.

Based on the Vanderzwalmen criteria (2008), 0% honey
treatment; honey 0.5%; honey 1%; and fresh sperm belong
to class I (no vacuoles). Whereas 1.5% honey is included in
the class Il group in which only two small vacuoles (which
occupy <4% of the head area). Meanwhile, the 2% honey
treatment was in class 111 because there were more than two
small vacuoles or one large vacuole (which occupied
between 13% and 50%).

Furthermore, an important structure of every cell is the
presence of a cell membrane which defines the cell
boundaries and the various internal cell components. The
membrane functions as a transport protein to facilitate and
regulate the movement of substances between cells and
compartments. Therefore, the spermatozoa head membrane
damage and changes in the condition of the spermatozoa
tail observed in this study, tend to cause adverse effects on
spermatozoa function. That damage could decrease
spermatozoa's viability and motility, leading to decreased
egg hatchability.

Table 2 shows the measurement data and the
spermatozoa stored in honey and without honey. The head
size of spermatozoa stored in honey shows larger sizes than
those without honey. Meanwhile, Figure 3 shows that fresh
spermatozoa (1.66+£0.06) um and those stored without
honey (1.66+0.12) um had the same head width.

Figure 3 shows spermatozoa stored without honey had
the largest head length (1.93+0.33) um compared to those
(1.72+0.09) um stored with honey. Compared to fresh
spermatozoa, those stored with honey had a larger head
width  (1.87+£0.08) um. Meanwhile, spermatozoa
preserved with honey had the largest head size
(2.88+0.07) um 2 than those fresh (2.29+0.21) um 2 and
stored without honey. This study indicated that there was
damage to the cell membrane in the treatment group that did
not add honey (control). However, a decrease in damage level
to the cell membrane in sperm given honey 1%, followed by
vacuolization of spermatozoa head area, with high honey
concentrations (> 1%). The changes found in the study could
explain the decreased membrane integrity, motility and
kinetic parameters, mitochondrial membrane potential, and
DNA damage in Neolissochilus soro spermatozoa.

Table 2. Spermatozoa ultrastructure measurement (a and b show a statistical difference)

Spermatozoa (preservation

Spermatozoa (preservation

Parameter Fresh spermatozoa without honey) with honey)
Head width (Lm) 1.662+0.06 1.662+0.12 1.85°+0.08
Head length (Um) 1.782+0.09 1.932+0.33 1.89°+0.11
Head area/shape (UM ?) 2.29%+0.21 2.70°+0.80 2.88°+0.07
Flagella/tail Straight Coiled Wavy
Whole Intact Non-intact Intact
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Figure 1. Ultrastructural changes that occur in the spermatozoa tail after 48 hours of preservation. A. Preservation without honey
(control), B. Preservation with 1% honey, C-D. Fresh sperm. N: nucleus; (f) Flagella/tail; ms: midpiece
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Figure 2. Changes occurred in the ultrastructure of Neolissochilus soro spermatozoa heads after 48 hours of preservation. A. Control, B.
Honey concentration 1.5%, C. Honey concentration 1%, D. Honey concentration 2%. Mt: mitochondria; NV: sperm nucleus vacuoles;
ak: axoneme; msr: damaged mitochondria
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Figure 3. The sperm head width and length are based on the
ultrastructure of the post-preserved Neolissochilus soro. The
results are expressed as a percentage (meanzstandard deviation)

Discussion

Transmission electron microscopy (TEM) analysis with
Cell Block Preparation protocol showed differentiation
between the head and the middle (neck) of the sperm
preserved with and without honey. Meanwhile, TEM
with negative staining protocol showed that all tails of the
control were coiled, while sperm with honey had a wavy-
shaped tail. In addition, the cross-section shows several
membrane damage areas on the sperm head and non-
protected sperm with honey.

The results also indicated that the sperm preservation of
Neolissochilus soro fish was under severe stress. Viveiros
et al. (2012) highlighted that the electron microscopy
approach is very important in assessing the adverse effects
of environmental stress. Damage to the head and neck and
shortening of sperm tails after preservation proves that
using honey has a protective effect at a specific
concentration and harms the sperm at high concentrations
(Lestari et al. 2021). The sperm head transfers genetic
material localized in the nucleoplasm to the egg. Therefore,
the optimal shape and size are a prerequisite for proper
spermatozoa penetration through egg micropyle (Psenicka
et al. 2007).

The ultrastructure of spermatozoa was previously
studied in zebrafish (Danio rerio) (Saez-Espinosa et al.
2022). The results showed that the head of Neolissochilus
soro was round. TEM observations indicated marked
decondensation with less dense genetic material after
preservation. Furthermore, there is a strong ultrastructural
distortion of the spermatozoa head due to nucleus and
plasma membrane swelling. In the group that was not given
honey, plasma membrane fragmentation was added to the
coiling of the spermatozoa flagellum. A concentration of
1% has an intact spermatozoa head ultrastructure, but at
above 1%, vacuolization has occurred. Vacuoles are
cavities and holes on the surface of the sperm. Vacuoles
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can be induced due to air drying, leading to significant
overproduction (Rothmann and Bort 2018).

The sperm preserved using a honey concentration of
0.5% and 0% (without honey) caused damage to the cell
membrane and deformity of the head, most likely affecting
the main function. Furthermore, the important structure of
every cell is the presence of a membrane which determines
the boundaries and various internal components. This
membrane functions as protein transportation that
facilitates and regulates the movement of substances in and
out of the cell and its compartments (Diaz et al. 2019).
Therefore, the sperm head membrane damage and changes
in the condition of the tail are likely to cause adverse
effects on the function. According to Shan et al. (2021), the
cell membrane plays a very active role in the fertility
capacity of spermatozoa.

The results showed that the preservation of N. soro fish
spermatozoa was under pressure. Morphological and
ultrastructural changes occurred after storage at 4°C for 48
hours. That damages the cell membrane of the spermatozoa
head, the release of flagella and mitochondria, and the
flagellar plasma membrane. Similar effects were observed
in Eleginops maclovinus, including damage to the plasma
membrane in the head and flagella and mitochondrial
damage during 7-day storage (Ulloa-Rodriguez et al.
2019). Changes in sperm during preservation are associated
with decreased cellular function, resulting in reduced
motility and fertilization rates (Cheng et al. 2022). The
head of the spermatozoa has the function of transferring
genetic material localized in the nucleoplasm to the egg.
Therefore, the optimal shape and size of the spermatozoa
head is a prerequisite for proper penetration through the
egg micropyle (Psenicka et al. 2007). Post-curing
membrane destabilization can occur due to physical
damage that causes oxidative stress (Shaliutina-KoleSova et
al. 2022). Cold storage and thawing processes induce lipid
phase transitions of sperm membranes, affect spatial
redistribution, destabilize membranes, reduce motility and
viability, and increase lipid peroxidation (Martinez-Paramo
2012). Structural changes and membrane destabilization
consequences are functional modifications associated with
ion transport, water balance, fertilization signal receptors,
fluidity regulation, and permeability (Cejko et al. 2022).

Cellular osmoregulation may also be impaired, resulting
in swelling of the head and tail and secondary lesions that
decrease mitochondrial function (Shaliutina-Kolesova et al.
2022). Furthermore, cell membrane damage can be
attributed to the concentration and toxicity of the barrier, as
well as the time of its exposure, possibly due to the rapid
penetration of the barrier in sperm and its interaction with
membrane phospholipids (Gérriz and Miranda 2013).
Dilution of carp semen (Cyprinus carpio) with a protective
medium resulted in changes in head shape, decondensation
of chromatin and vacuoles in some cells, and vesiculation
of head and tail regions (Viveiros et al. 2012).

The head of the spermatozoa has the function of
transferring genetic material localized in the nucleoplasm
to the egg. Therefore, the optimal shape and size are
prerequisites for proper penetration through the egg
micropyle (Psenicka et al. 2007). Some damage to the
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sperm head cell membrane is preserved with 0.5% honey
and 0% concentration, deforming spermatozoa.
Furthermore, the important structure of every cell is the
presence of a membrane that defines the boundaries and
various internal components. The membrane functions as a
transport protein to facilitate and regulate the movement of
substances between cells and compartments. Therefore, the
head membrane damage and changes in the tail condition
are likely to cause adverse effects. Shan et al. (2021)
reported that sperm cell membranes play an important role
in fertility.

Even though some morphological and ultrastructural
changes occur up to some extent in Neolissochilus soro
spermatozoa at 4°C for 48 hours, preservation without
honey causes severe head damage and undergoes
morphological distortions, such as swelling of the
nucleus, rupture of the plasma membrane, and changes
in genetic material. The midpiece undergoes cell
membrane rupture and mitochondrial lysis. Furthermore,
most of the spermatozoa show circular flagella and
disaggregated plasma membranes. These findings
indicated that the observation of spermatozoa leads to
substantial morphological and ultrastructural changes.

ACKNOWLEDGEMENTS

The authors are grateful to the head of the Cijeruk
Freshwater Fisheries Germplasm Research Institute,
Indonesia for granting the study permission and assistance
in sampling and to the Eijkman Molecular Biology
Laboratory, Jakarta, Indonesia for assisting in the
completion. This study was funded by the Ministry of
Education, Culture, Research, and Technology with
contract number NKB-966/UN2.RST/HKP.05.00/2022,
091/E5/PG.02.00.PT/2022, and 172/PKS/WRIII-
DRP/UI/2022 and by the Research and Development
Agency, Muhammadiyah University of Prof. DR.
HAMKA, Jakarta, Indonesia, Number 855/F.03.07/2020.

REFERENCES

Amidi FA, Pazhohan, Nashtaei MS, Khodarahmian M, Nekoonam S.
2016. The role of antioxidants in sperm freezing: a review. Cell
Tissue Bank 17: 745-756. DOI: 10.1007/s10561-016-9566-5.

Bitencourt da Costa BJAP, Sanches EA, Spica LN, Rodrigues RB,
Teixeira NS, Franca TS, Benato JL, Machado TLF, Brasileiro LO,
Kasai RYD, Streit DP. Characterization of sperm quality in Brycon
hilarii: How does morphology affect sperm movement? Theriogenol
Wild 1: 100007. DOI: 10.1016/j.therwi.2022.100007.

Cejko BI, Zarski D, Sarosiek B, Dryl K, Palinska-Zarska K, Skorupa W,
Kowalski RK. 2022. Application of artificial seminal plasma to short-
term storage of a large volume of common carp (Cyprinus carpio)
sperm for two weeks under controlled conditions. Aquaculture 546:
737385. DOI: 10.1016/j.aquaculture.2021.737385.

Cheepa FF, Liu H, Zhao G. 2022. The natural cryoprotectant honey for
fertility cryopreservation. Bioengine 9: 88. DOI:
10.3390/bioengineering9030088.

Cheng Y, Zhang S, Linhartova Z, Shazada NE, Linhart O. 2022. Practical
use of extender and activation solutions for short-term storage of
common carp (Cyprinus carpio) milt in a hatchery. Aquac Rep 24:
101160. DOI: 10.1016/j.aqrep.2022.101160.

Cheng Y, Zhang S, Linhartovéa Z, Shazada NE, Linhart O. 2022. Common
carp (Cyprinus carpio) sperm reduction during short-term in vitro

BIODIVERSITAS 24 (2): 1025-1031, February 2023

storage at 4°C. Anim Reprod Sci 243: 107017. DOI:
10.1016/j.anireprosci.2022.107017.

Contreras P, Dumorne K, Ulloa-Rodriguez P, Merino O, Figueroa W,
Farias JG, Valdebenito I, Risopatron J. 2019. Effect of short-term
storage on sperm function in fish semen: a review. Aquaculture 481:
58-63. DOI: 10.1111/raq.12387.

Dietrich MA, Judycka S, Stowinska M, Kodzik N, Ciereszko A. 2021.
Short-term storage-induced changes in the proteome of carp
(Cyprinus carpio L.) spermatozoa. Aquaculture 530: 735784. DOI:
10.1016/j.aquaculture.2020.735784.

Diaz R, Lee-Esteves M, James Q, Dumorne K. 2019. Changes in Atlantic
salmon (Salmo salar) sperm morphology and membrane lipid
composition related to cold storage and cryopreservation. Anim
Reprod Sci 204: 50-59. DOI: 10.1016/j.anireprosci.2019.03.004.

Draper B, Stout J, Hernandez R, Moens C. 2008. A High-throughput
sperm freezing protocol for zebrafish.

El-Sheshtawy RI, El-Nattat WS, Sabra HA. Ali AH. 2014. Effect of honey
solution on semen preservability of local breeds of cattle bulls. World
Appl Sci J 32: 2076-2078.

Fakhrildin MBM, Alsaadi RA. 2014. Honey Supplementation to semen-
freezing medium improves human sperm parameters post-thawing. J
Family Reprod Health 8: 27-31.

Figueroa E, Valdebenito |, Farias JG. 2014. Review article: Technologies
used in the study of sperm function in cryopreserved fish
spermatozoa. Aquac Res 1-15. DOI: 10.1111/are.12630.

Figueroa E, Valdebenito I, Merino O, Ubilla O, Risopatron J, Farias JG.
2016. Cryopreservation of Atlantic salmon Salmo salar sperm: effects
on sperm physiology. J Fish Biol 89 (3): 1537-1550. DOI:
10.1111/jfb.13052.

Gu NH, Zhao WL, Wang GS, Sun F. 2019. Comparative analysis of
mammalian sperm ultrastructure reveals relationships between sperm
morphology, mitochondrial functions and motility. Reprod Biol
Endocrinol 17 (1): 1-12. DOI: 10.1186/512958-019-0510-y.

Holt WV, Comizzoli P. 2022. Conservation biology and reproduction in a
time of developmental plasticity. Biomolecules 12 (9): 1-18. DOI:
10.3390/biom12091297.

Ilieva I, Ivanova S, Chavdarov |, Rangelov S, Tzvetkova P. 2012.
Scanning Electron Microscopic Investigation of Abnormal Sperm in
Cases with Pathology of the Male Reproductive System. Comptes
rendus de I’ Acad bulg des Sci 65 (8): 1095-1098.

Lestari S, Abinawanto A, Bowolaksono A, Lestari R, Dwiranti A,
Gustiano R, Kristanto AH. 2021. The Use of Honey as Anti-
Oxidative Agent: Hatching Rate Embryo of Tor Soro after 48h Post-
Cold Storage. J Hunan Univ Nat Sci 48 (12).

Luo Z, Wang Z, Li Q, Pan Q, Yang C, Liu F. 2011. Spatial distribution,
electron microscopy analysis of titanium and its correlation to heavy
metals: occurrence and sources of titanium nanomaterials in surface
sediments from Xiamen Bay, China. J Environ Monit 13 (4): 1046-
1052. DOI: 10.1039/COEMO00199F.

Martinez-Paramo S, Diogo P, Dinis MT, Herraez MP, Sarasquete C,
Cabrita E. 2012. Incorporation of ascorbic acid and alpha-tocopherol
to the extender media to enhance antioxidant system of cryopreserved
Sea bass sperm. Theriogenology 77: 1129-1136. DOI:
10.1016/j.theriogenology.2011.10.017.

Narida A, Tsai S, Huang CY, Wen ZH, Lin C. 2022. The effects of
cryopreservation on the cell ultrastructure in aquatik organisms.
Biopreservation and Biobanking. DOI: 10.1089/bi0.2021.0132.

Oehninger S, Kruger TF. 2021. Sperm morphology and its disorders in the
context of infertility. F&S Rev 2 (1): 75-92. DOIl:
10.1016/j.xfnr.2020.09.002.

Park JY, Zidni I, Lee YH, Lee HB, Lim HK. 2022. Effect of long-term
storage on the quality of cryopreserved sperm of the giant grouper,
Epinephelus  lanceolatus. Aquaculture 555: 738154. DOI:
10.1016/j.aquaculture.2022.738154

Psenicka M, Hadi Alavi SM, Rodina M, Gela D, Nebesarova J, Linhart O.
2007. Morphology and ultrastructure of Siberian sturgeon (Acipenser
baerii) spermatozoa using scanning and transmission electron
microscopy. Biol Cell 99: 103-115. DOI: 10.1042/BC20060060.

Rothmann SA, Bort AM. 2018. Encyclopedia of Reproduction 2nd
Edition Volume 5: Sperm morphology. Elsevier Inc. DOI:
10.1016/B978-0-12-801238-3.64936-X.

Sandoval-Vargas L, Risopatron J, Dumorne K, Farias J, Figueroa E,
Valdebenito 1. 2022. Spermatology and sperm ultrastructure in farmed
coho salmon (Oncorhynchus kisutch). Aquaculture 547: 737471.
DOI: 10.1016/j.aquaculture.2021.737471.



ABINAWANTO et al. — Sperm ultrastructure of Neolissochilus soro

Séez-Espinosa P, Franco-Esclapez C, Robles-Gémez L, Silva WTAF,
Romero A, Immler S, Gémez-Torres MJ. 2022. Morphological and
ultrastructural alterations of zebrafish (Danio rerio) spermatozoa after
motility  activation.  Theriogenology  188: 108-115. DOI:
10.1016/j.theriogenology.2022.05.025.

Schneider G, Peter G, Stefan H, Stefan R, Florian M, Kunio N, James BH,
Waltraud GM, James GM. 2010. Three-dimensional cellular
ultrastructure resolved by X-ray microscopy. Nat Methods 7: 985-
987. DOI: 10.1038/nmeth.1533.

Shaliutina A, Hulak M, Gazo L, Linhartova P, Linhart O. 2013. Effect of
short-term storage on quality parameters, DNA integrity, and
oxidative stress in Russian (Acipenser gueldenstaedtii) and Siberian
(Acipenser baerii) sturgeon sperm. Anim Reprod Sci 139 (1-4): 127-
135. DOI: 10.1016/j.anireprosci.2013.03.006.

Shaliutina-Kolesova A, Nian R. 2022. Motility and oxidative stress of
common carp Cyprinus carpio sperm during short-term storage. Anim
Reprod Sci 241: 106991. DOI: 10.1016/j.anireprosci.2022.106991.

Shan S, Xu F, Hirschfeld M, Brenig B. 2021. Sperm lipid markers of male
fertility in mammals. Intl J Mol Sci 16: 8767. DOI:
10.3390/ijms22168767.

1031

Ulloa-Rodriguez P, Contreras P, Dumorné K, Figueroa E, Risopatrén J,
Valdebenito I, Farias JG. 2019. Sperm morphology and ultrastructure
of Patagonian blenny (Eleginops maclovinus). Tissue Cell 57: 66-69.
DOI: 10.1016/j.tice.2019.02.006.

Uswatun H, Abinawanto, Alimuddin A, Boediono A, Kusrini E. 2020.
Short communication: Effect of cryopreservation on ultrastructure
and mitochondrial function of albino Pangasius catfish spermatozoa.
Biodiversitas 21 (10): 4524-4528. DOI: 10.13057/biodiv/d211008.

Vanderzwalmen P, Hiemer A, Rubner P, Bach M, Neyer A, Stecher A,
Uher P, Zintz M, Lejeune B, Vanderzwalmen S, Cassuto G, Zech NH.
2008. Blastocyst development after sperm selection at high
magnification is associated with size and number of nuclear vacuoles.
Reprod Biomed Online 17 (5): 617-627. DOI: 10.1016/S1472-
6483(10)60308-2.

Viveiros ATM, Maria AN, Amaral TB, Orfdo LH, Isau ZA,Verissimo-
Silveira R. 2012. Spermatozoon ultrastructure and sperm
cryopreservation of the Brazilian dry season spawner fish pirapitinga,
Brycon nattereri. Aquac Res 43: 546-555. DOI: 10.1111/j.1365-
2109.2011.02860.x.



