? frontiers ‘ Frontiers in Marine Science

@ Check for updates

OPEN ACCESS

EDITED BY
Chun Liu,

Chinese Academy of Fishery Sciences (CAFS),
China

REVIEWED BY

Shengjie Ren,

Queensland University of Technology,
Australia

Yifan Liu,

Zhejiang Ocean University, China

*CORRESPONDENCE
Li Zhou
zhoulisdta@163.com
Shizhong Zheng
zhengshizhong@126.com

RECEIVED 24 March 2025
ACCEPTED 01 May 2025
PUBLISHED 23 May 2025

CITATION

Zhou L, Li F, Han K, Sun Z, Chen J and
Zheng S (2025) Successful cryopreservation
of matured testis and ovary for the short
barbeled velvetchin (Hapalogenys nitens).
Front. Mar. Sci. 12:1597747.

doi: 10.3389/fmars.2025.1597747

COPYRIGHT

© 2025 Zhou, Li, Han, Sun, Chen and Zheng.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Marine Science

TvPE Original Research
PUBLISHED 23 May 2025
po110.3389/fmars.2025.1597747

Successful cryopreservation of
matured testis and ovary for the
short barbeled velvetchin
(Hapalogenys nitens)

Li Zhou™, Feiyan Li*, Kunhuang Han*, Zhaohan Sun?,
Jia Chen? and Shizhong Zheng™

‘Engineering Research Center of Mindong Aquatic Product Deep-Processing, Fujian Province
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As an important germplasm resource of fish, the cryopreservation of testis and
ovary is of great significance to protect endangered species and increase genetic
diversity. However, current methods of slow cooling and vitrification in gonad
preservation require a specialized cooling equipment or a higher concentration
of cryoprotectants to maintain cell viability. The short barbeled velvetchin
(Hapalogenys nitens) is an important marine economic fish, and the
germplasm resources have been degraded during long-term artificial breeding.
Therefore, this study isolated the gonads of mature Hapalogenys nitens and
investigated the cryopreservation effect of testis and ovary with three
cryoprotectant combinations under four freezing procedures. The results
showed that the gonad tissues were cut to blocks of 0.5 cm®, which could
effectively cryopreserve the testes or ovaries with the cryoprotectant
combinations of 15% ethylene glycol, 10% dimethyl sulfoxide, 0.2 M trehalose
or 15% propylene glycol, 0.2 M trehalose, and 15% fetal bovine serum,
respectively. The testes with cryoprotectants were only kept 5 cm above liquid
nitrogen for 10 min and then immersed in liquid nitrogen, while the ovaries
soaked in cryoprotectants were directly stored in the refrigerator at -80°C. After 7
days, the gonads were thawed in a water bath at 10°C for 8 min and analyzed by
morphology, and the cell viability was measured by trypan blue or cell viability
assay kits, resulting in a high survival rate (>90%). The present study successfully
established cryopreservation protocols of gonad tissues in Hapalogenys niten.
This was a convenient, rapid, and efficient method for the gonad
cryopreservation of Sparidae fishes and provided reference for the preservation
of other fish germplasm resources.
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1 Introduction

Cryopreservation is a powerful technology that preserve
organelles, cells, tissues, or any other biological construction in
extremely low temperatures for the long term (Jaiswal and Vagga,
2022). This technology maintains the integrity of cell structure and
biological activity by lowering or even pausing cell metabolism by
controlling the temperature. In the process of cryopreservation, the
cryoprotectants, cooling procedures, and thawing speed are three
important factors that affect cell viability (Rakbanjong et al., 2021).
There are two types of cryoprotectants. One is the permeating
cryoprotectants that permeate cell membranes, such as dimethyl
sulfoxide (DMSO), methanol (MeOH), propylene glycol (PG),
ethylene glycol (EG), and glycerol (Gly), and the other is non-
permeating cryoprotectants which include trehalose, fetal bovine
serum (FBS), sucrose, egg yolk powder, and skim milk powder
(Yuan et al., 2024; Whaley et al, 2021; Lee et al., 2013). Slow
freezing and vitrification are two common cooling procedures
(Yong et al., 2020). Generally, slow freezing involves a series of
preset temperature gradients to slowly cool the sample to the
temperature of liquid nitrogen (-196°C) for long-term storage,
while vitrification freezing is a rapid freezing method that usually
uses a high concentration of cryoprotectant to rapidly cool the
sample, converting liquid into a glass-like amorphous solid without
ice crystals (Behl et al., 2023; Amorim et al., 2011). Water baths (10°
C or 37°C) have become the primary method of thawing, the
appropriate temperature and time of which are chosen according
to the characteristics of the tissue or cell (Uhrig et al.,, 2022;
Abdalkarim et al., 2021). The appropriate type and concentration
of cryoprotectants, as well as cooling or warming procedures, can
reduce the damage caused by ice crystal formation in the cells.

Cryopreservation has shown an important role in human-assisted
reproduction and animal artificial breeding (Casciani et al., 2023;
Abdalkarim et al., 2021; Xingzhu et al., 2021; Onofre et al., 2016). It is
also the most direct way to protect fish germplasm resource. At
present, this technology is widely used for the preservation of fish
sperm and also involves the storage of germ stem cells, eggs, embryos,
and gonadal tissues of a few species (Zhang et al., 2020; Herranz-
Jusdado et al., 2019; Martinez-Paramo et al., 2017). Cryopreserved
gonadal tissues contain the germ stem cells of spermatogonia or
oogonia that have been isolated as donor germ cells for
transplantation. The combination of cryopreservation and germ cell
transplantation could provide an alternative way for the conservation
and recovery of endangered, precious, and elite fish resources—for
example, the cryopreservation of juvenile gonads and transplantation
in California white sturgeon (Acipenser transmontanus) provided an
encouraging approach to the management of threatened sturgeon
species (Rommney et al., 2023). Moreover, the spermatogonia from
testes cryopreserved for 5 years still had high capacity to generate
functional gametes via interspecies transplantation in salmonids (Lee
et al., 2016a). Therefore, the cryopreservation of gonads (ovary and
testis) was crucial to fish.

The cryopreservation of fish gonads has been carried out on
rainbow trout (Oncorhynchus mykiss) (Lee et al., 2016b, Lee et al.,
2013), medaka (Oryzias latipes) (Seki et al., 2017), cyprinid
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honmoroko (Gnathopogon caerulescens) (Higaki et al., 2017),
Murray River rainbowfish (Melanotaenia fluviatilis) (Ivers et al.,
2020), Piracanjunba (Brycon orbignyanus) (Santos Marques et al.,
2021), Russian sturgeon (Acipenser gueldenstaedtii) (Lujic et al.,
2023), and Asian sea bass (Lates calcarifer) (Sreebun et al., 2024). In
rainbow trout, the testes and ovaries were successfully
cryopreserved with a cryomedium containing 1.3 M or 1.0 M
DMSO, 0.1 M trehalose, and 10% egg yolk and 35.2% extender,
cooled at -1°C/min for 90 min before immersion in liquid nitrogen,
and thawed in a 10°C water bath and rehydrated (Lee et al., 2016b,
Lee et al., 2013). Similarly, in zebrafish (Tsai et al., 2009), white
sturgeon (Romney et al., 2023), rainbowfish (Ivers et al., 2020), and
sea bass (Sreebun et al.,, 2024), the testes or ovaries with permeating
and non-permeating cryoprotectants were cooled slowly in a freezer
container for more than 1 h and placed at —80°C before being
plunged into liquid nitrogen, while in other fish like medaka (Seki
et al.,, 2017), cyprinid honmoroko (Higaki et al., 2017),
Piracanjunba (Santos Marques et al., 2021), and sturgeon (Lujic
et al., 2023), the testes or ovaries with permeating cryoprotectants
(PG, EG, MeOH and DMSO) and sucrose were cryopreserved for
vitrification. The protocol of vitrification was generally balanced or
pretreated with a low concentration of permeating cryoprotectants,
and then vitrification was carried out with a high concentration of
permeating cryoprotectants, in which sucrose dehydration and
copper mesh were required for rapid cooling. It should be noted
that the tissues preserved by vitrification are small and mostly from
immature economic fish or model species, which facilitate the
penetration of cryoprotectants and rapid cooling.

The short barbeled velvetchin (Hapalogenys nitens) is an
important economic fish mainly distributed in the coastal areas of
China, Korea, and Japan (Kang et al, 2015). In China, the low
production of Hapalogenys nitens in natural sea areas leads to its
relatively limited market supply. In recent years, the experiment of
cage culture using natural seedlings of Hapalogenys nitens in Fujian
coastal areas has achieved remarkable breeding benefits, but it also
causes the problem of germplasm resource degradation. Therefore,
the cryopreservation of the germplasm of Hapalogenys nitens is an
important task for the sustainable development of fisheries. In this
study, we aimed to establish an efficient, rapid, and convenient
method for cryopreservation of Hapalogenys nitens testis and ovary
and to provide reference for the preservation of marine fish gonads.

2 Materials and methods
2.1 Fish and gonad collection

Mature male and female Hapalogenys niten were purchased
from Donghu Market in Ningde City, Fujian Province, China. They
were anesthetized by using MS-222 (Sigma-Aldrich, USA), and the
basic indicators (body weight, total length, and body length) were
measured. Subsequently, the gonads of the fish were removed,
weighed, and then placed in L-15 medium on ice for use.

All experiments were performed in accordance with the
relevant national and international guidelines and approved by
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the Institutional Animal Care and Use Committee, Ningde
Normal University.

2.2 Experimental design

Referring to the previous studies of Lee et al. (2016b);
Rakbanjong et al. (2021), and Lujic et al. (2023), the
cryoprotectants EG (Sinopharm, Beijing, China), PG
(Sinopharm), DMSO (Solarbio, Beijing, China), FBS (AusgeneX,
Shanghai, China), trehalose (Bomei, Anhui, China), and 50% (vol/
vol) extender were selected in this study, which form three
combinations with which to explore the cryopreservation effect of
Hapalogenys nitens gonads under four freezing procedures. The
three combinations of cryoprotectants were as follows: group 1: 10%
(vol/vol) DMSO + 0.1 M trehalose + 10% (wt/vol) egg yolk, group 2:
15% (vol/vol) EG + 10% (vol/vol) DMSO + 0.2 M trehalose, and
group 3: 15% (vol/vol) PG + 0.2 M trehalose + 15% (vol/vol) FBS.
The control group was fresh gonadal tissue without
cryopreservation, which was used to evaluate the preservation
effect of each cryopreservation group. The four freezing
procedures were as follows: A—samples were stored directly in a
refrigerator at -80°C; B—samples were stored at -80°C in a
refrigerator for 1 h and then transferred to liquid nitrogen; C—
samples were stored directly in liquid nitrogen; and D—samples
were stored 5 cm above liquid nitrogen for 10 min and then
transferred into liquid nitrogen.

2.3 Cryopreservation protocol

Considering the permeability of cryoprotectants, the size of
germ cells, and the procedure of cryoprotectant removal, the
separated gonads were cut into tissue blocks of approximately 1
cm, 1 cm, and 0.5 cm in length, width, and height, respectively, and
then placed into a 2-mL cryopreservation tube and covered with the
abovementioned 1-1.5 mL cryoprotectants of groups 1-3,
respectively. There were four parallels in each group. The
cryotubes containing tissue and cryoprotectants were first
equilibrated on ice for 60 min, and then the four parallels of each
group were cryopreserved corresponding to the four freezing
procedures A-D, respectively. In particular, the cryoprotectants
need to be removed from the ovaries before undergoing the freezing
procedures. After 7 days, the cryotubes were removed and placed in
a water bath at 10°C for 8 min. Subsequently, the cryomedium
attached to the tissues were wiped off with a paper towel. Finally, the
testes were rehydrated in L-15 for 10 min.

2.4 Assessment of cell viability

For testes, about 0.5 g tissue was cut into pieces, washed using L-
15 medium twice, and incubated in the digestion solution
containing 0.02 g of Collagenase I (Solarbio), 0.015 g of Dispase

Frontiers in Marine Science

10.3389/fmars.2025.1597747

IT (Solarbio), and 2 uL DNase I (Accurate Biology, Hunan, China)
in 500 UL L-15 for 1.5 h at 28°C. After digestion and washing, the
viability of germ cells in the testes was detected by trypan blue
exclusion assay. The cell suspension was mixed with 0.4% trypan
blue staining solution (Solarbio) at a ratio of 9:1, and after staining
for 2 min, the cells were observed under a microscope (Leica
DM7500, Germany). Dead cells were stained blue and could be
distinguished from living cells so that the ratio of living cells was
counted and cell viability was calculated as follows: cell viability =
unstained cells/total cells x 100%.

For ovaries, the tissue blocks were washed with L-15 and
digested directly with 0.25% Trypsin-EDTA solution (Pricella,
Wuhan, China) for 2 h at 28°C. After digestion and washing, the
viability of germ cells in the ovaries was detected by using AO-EB
Double Fluorescence Staining Kit (Phygene, Fuzhou, China).
According to the instructions of the kit, AO/EB working solution
was diluted according to the ratio of reagent (A)/reagent (B)/
reagent (C) = 1:1:8, and the cells were stained and observed
under a fluorescence microscope (Leica DMI8). According to the
instructions of the kit, after treatment with the dye solution, the live
cells showed green fluorescence, while the dead cells showed red
fluorescence under the fluorescence microscope. Therefore, cell
viability can be calculated by counting the number of cells
showing green fluorescence and the total number of cells: cell
viability = green cells/total cells x 100%.

2.5 Statistical analysis

The software SPSS 26 was used for statistical analyses. In each
freezing procedure, the data of three experimental groups (1-3) and
the control group were subjected to one-way ANOVA followed by
Tukey’s test. All data of the different freezing procedures A-D were
presented as mean * standard error (SE). Differences were
considered significant at P < 0.05. The optimal combination of
cryoprotectants under each freezing procedure was screened, and
the highest values under different procedures were compared to
obtain the best freezing preservation scheme.

3 Results
3.1 Mature Hapalogenys niten

The body type of Hapalogenys niten was characterized with high
body height and two clear and wide dark-brown-colored lines on
the side of the body. However, through breeding and feed blending,
the whole body of Hapalogenys niten cultured in artificial culture
was black, and the lines became inconspicuous (Figure 1A). The
basic indicators of the six mature Hapalogenys niten are shown in
Table 1. The mature male fish were heavier and larger than the
female fish (Table 1). A dissection revealed that the testes were long
strips and milky white (Figure 1B), while the ovaries were rods and
orange (Figure 1D). They were all located in the abdominal cavity,
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FIGURE 1

Appearance, gonad morphology, and germ cell of Hapalogenys nitens. (A) Appearance of female fish. (B) Testis morphology. (C) Various germ cells
in the testis. (D) Ovary morphology. (E) Various oocytes in the ovary. The asterisk indicates dead cells. Sg, spermatogonia; Sc, spermatocytes; St,
spermatids; Sz, spermatozoa; Og, oogonia; I-Il, early/late previtellogenic phase; llI-1V, early/late vitellogenic phase; V, full-grown stage. Scale bar, 1

cm (A-D), 20 um (C), and 300 um (E).

above the swim bladder, below the spine, and gathered at the genital
pore, forming a “V” shape (Figures 1B,D). Enzymatic digestion
showed that the testes were filled with various types of germ cells of
spermatogonia, spermatocytes, spermatids, and spermatozoa
(Figure 1C), and the ovaries included phases I-V of oocytes
(Figure 1D). The gonads were lightly pressed, and there was
semen or egg flowing out, indicating that the gonad has
developed and matured.
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3.2 Germ cell viability detection in testes
after cryopreservation

After cryopreservation, the germ cells in the testes of three
groups under A-D procedures were digested by an enzyme and
determined by trypan blue exclusion. The results showed that in the
A-D procedures, the freezing effect of D procedure (testes were
stored 5 cm above liquid nitrogen for 10 min and then transferred
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TABLE 1 Basic indicators of six mature Hapalogenys niten.

Gender Number Total length (cm) Body length (cm)  Body weight (g) Gonad weight (g)
1 23.70 21.10 500.10 11.10
3 2 25.50 22.80 525.20 11.40
3 24.50 21.50 535.30 17.50
1 20.90 18.20 404.20 32.90
Q 2 21.40 19.00 425.40 33.50
3 21.60 19.10 431.10 37.60
10% DMSO+0.1 M trehalose +10% egg yolk 15% EG+10% DMSO+0.2 M trehalose 15% PG+0.2 M trehalose+15% FBS

-80°C 7d

-80°C 1 h; liquid nitrogen 7 d

liquid nitrogen 7 d

Liquid nitrogen (above 10 min; immersion 7 d)

FIGURE 2

Germ cell viability detection in testes by trypan blue stain. 1-3 represent three combinations of cryoprotectants (groups 1-3), and (A—D) represent
four freezing procedures. The dead cells showed an opaque gray color under the grayscale presentation. The asterisk indicates dead cells. Sg,
spermatogonia; Sc, spermatocytes; St, spermatids; Sz, spermatozoa. Scale bar = 20 um.
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into liquid nitrogen) was significantly higher than that of the other
(A-C) procedures (Figure 2). Moreover, a comprehensive analysis
of the combination of cryoprotectants found that group 2 (15% EG
+10% DMSO + 0.2 M trehalose) had better preservation effect than
group 1 and group 3 (Figure 2). The testes that were cryopreserved
with group 2 under D procedures showed high cell viability, very
few cells were stained with trypan blue, suggesting that most of the
cells were viable after cryopreservation (Figure 2D2). The testes
were filled with spermatogonia, spermatocytes, spermatids, and
spermatozoa as with fresh testes (Figure 2D2). In contrast, the
testes were cryopreserved with group 2 under other procedures,
especially the C procedure. The cells of the testes were broken into
tissue fragments and the number was significantly reduced
(Figure 2A2-C2). Compared with group 2, for group 1 and group
3 under the four procedures A-D, only a few cells can be observed
in the testes, and the preservation effect was markedly inferior
(Figures 1A1-D1, A3-D3).

10% DMSO+0.1 M trehalose +10% egg yolk

15% EG+10% DMSO+0.2 M trehalose

10.3389/fmars.2025.1597747

3.3 Germ cell viability detection in ovaries
after cryopreservation

The morphology and structure of germ cells from frozen ovaries
were observed under a microscope. The results showed that group 1
under A-D procedures had the worst preservation effect, and
almost all of the germ cells in the ovary had an abnormal
morphology (Figure 3). It is manifested as yolk granulation,
shrinkage, and even rupture of egg membrane, resulting in the
content flowing out (Figures 3A1-D1). Only a few oogonia and
primary oocytes had normal morphology (Figures 3A1-D1).
Compared with group 1, group 2 and 3 have better preservation
results under the A-D procedure (Figures 3A2-D2, A3-D3). Among
them, the preservation effect of the two groups under A procedure
was better than that of other procedures, especially group 3 which
showed the best cell morphology (Figures 3A2-D2, A3-D3). The
oocytes of group 3 (15% PG + 0.2 M trehalose + 15% FBS) under A

-80°C 7d

-80°C 1 h; liquid nitrogen 7 d

liquid nitrogen 7 d

Liquid nitrogen (above 10 min; immersion 7 d)

FIGURE 3

15% PG+0.2 M trehalose+15% FBS

Morphology and structure of ovaries after cryopreservation. 1-3 represent three combinations of cryoprotectants (groups 1-3), and (A-D) represent
four freezing procedures. The red arrows indicate oocyte rupture and the black arrows indicate shrinkage or granulation of the yolk. Og, oogonia;
[-11, early/late previtellogenic phase; llI-1V, early/late vitellogenic phase; V, full-grown stage. Scale bar = 300 um. The asterisk indicates dead cells.
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procedure (ovaries were stored directly in a refrigerator at -80°C)
were of normal size, with a full, regular shape and smooth surface
and did not show cell rupture, atrophy, depression, granulation, or
cavitation, which was most similar to the cell morphology of the
control group (Figure 3A3). In addition, the preservation effect of
groups 2 and 3, respectively, under B-D procedures was slightly
inferior to that of A procedure, and the cells showed a similar
morphology after preservation (Figures 3A2-D2, A3-D3). A few
oocytes showed an irregular shape, slight granulation and
shrinkage, and almost no rupture of egg membrane (Figures 3B2-
D2, B2-D3).

Based on the abovementioned morphology and structure
observations, the cell viability was further verified by using AO-
EB Double Fluorescence Staining Kit. The results showed that
almost all of the germ cells from the cryopreserved ovaries with
group 3 under A procedure showed a green color, which was the
same as that of the control, indicating that almost all of the cells
were living cells, and the cryopreservation effect was the best
(Figures 4A1-A3, B1-B3). On the contrary, the germ cells from
the cryopreserved ovaries with group 1 under C procedure were
almost all red except the very small cells, indicating that almost all
oocytes except oogonia had died (Figures 4CI1-C3). The dyeing
effect of the other groups and procedures are between the above,

10.3389/fmars.2025.1597747

and the dyeing pictures were omitted. In conclusion, the results of
cell viability identification were consistent with morphology
and structure.

3.4 Gonad germ cell viability statistics

For testes, the cell viability was calculated according to the
results of trypan blue staining (Figure 5). The results showed that
the germ cells from cryopreserved testes with group 2 were
significantly different from the other groups in all three groups (P
< 0.05), except for the C procedure, which was better than the other
groups under A, B, and D procedures. The cell survival rate of
groups 1 and 3 was mostly below 40%, which was not suitable for
the cryopreservation of testes. For group 2, the freezing effect
produced by different procedures varied greatly, with procedure
D being the best, followed by procedures B and A and procedure C
being the worst. The group 2 under D procedure was not
significantly different from the fresh control (P > 0.05). Therefore,
the conditions of group 2 (15% EG + 10% DMSO+ 0.2 M trehalose)
and D procedure (testes were stored 5 cm above liquid nitrogen for
10 min and then transferred into liquid nitrogen) were the most
suitable for the testis cryopreservation of Hapalogenys niten.

FIGURE 4

Germ cell viability detection in ovaries by using AO-EB Double Fluorescence Staining Kit. The live cells showed green fluorescence, while the dead
cells showed red fluorescence. Scale bar = 300 um. (A1-A3) control; (B1-B3) The ovaries with the cryoprotectant combination of 15% PG, 0.2 M
trehalose, and 15% FBS were stored directly at -80°C in a refrigerator for 7 days. (C1-C3) The ovaries with the cryoprotectant combination of 10%
DMSO, 0.1 M trehalose, and 10% egg yolk were stored directly in liquid nitrogen for 7 days. Scale bar = 300 um
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120 r

A B C D

mgroupl Mmgroup?2 Mgroup3 mControl

FIGURE 5

Statistics of germ cell viability in testes after cryopreservation. Group 1: 10% DMSO + 0.1 M trehalose + 10% egg yolk; group 2: 15% EG + 10% DMSO
+ 0.2 M trehalose; group 3: 15% PG + 0.2 M trehalose + 15% FBS. (A) -80°C for 7 days, (B) -80°C for 1 h and liquid nitrogen for 7 days, (C) liquid
nitrogen for 7 days, (D) above liquid nitrogen for 10 min and immersion in liquid nitrogen for 7 days. Differences among groups were evaluated by
one-way ANOVA followed by Tukey's test. Values with different superscripts are significantly different among groups (P < 0.05). Lowercase letters (a,

10.3389/fmars.2025.1597747

b, ¢, etc.) correspond to the significance level 0.05 in the statistical test, that is, the threshold for significance of the difference is 5%.

For ovaries, cell viability was counted according to the results of
AO-EB Double Fluorescence Staining kit (Figure 6). The results
showed that the germ cells from cryopreserved ovaries with group 1
under A-D procedures had the worst cell viability, and there were
significant differences with the others (P < 0.05). Except for group 1,
the cell survival rate of groups 2 and 3 under A-D procedures was
above 80%, showing a good preservation effect. Among them, group
3 was better than group 2, except for C procedures; under the other

three procedures, there were significant differences between the two
groups (P < 0.05). In group 3, the A procedure showed the highest
cell viability and the best preservation effect compared with other
procedures, and there was no significant difference with the fresh
control (P > 0.05). Therefore, the conditions of group 3 (15% PG +
0.2 M trehalose + 15% FBS) and A procedures (ovaries were stored
directly in a refrigerator at -80°C) were the most suitable for the
cryopreservation of Hapalogenys niten ovaries.

120

A B

FIGURE 6

is 5%.

Egroupl Mmgroup2 Mgroup3 ® Control

Statistics of germ cell viability in ovaries after cryopreservation. Group 1. 10% DMSO + 0.1 M trehalose + 10% egg yolk; group 2: 15% EG + 10%
DMSO + 0.2 M trehalose; group 3: 15% PG + 0.2 M trehalose + 15% FBS. (A) -80°C for 7 days, (B) -80°C for 1 h and liquid nitrogen for 7 days,

(C) liquid nitrogen for 7 days, (D) above liquid nitrogen for 10 min and immersion in liquid nitrogen for 7 days. Differences among groups were
evaluated by one-way ANOVA followed by Tukey's test. Values with different superscripts are significantly different among groups (P < 0.05).
Lowercase letters (a, b, ¢, etc.) correspond to the significance level 0.05 in the statistical test, that is, the threshold for significance of the difference

C D
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4 Discussion

The present study successfully established the cryopreservation
protocols of gonad tissues in Hapalogenys niten. The testes and
ovaries were isolated from mature individuals and cryopreserved
with a specific cryoprotectant combination and freezing procedure,
resulting in cell viability of over 90% after thawing. This further
proved that the cryoprotectants of PG, EG, DMSO, FBS, and
trehalose could be used to preserve the gonads of fish under the
simple procedure of cooling and thawing. The study demonstrated a
convenient, rapid, and efficient method for the gonad
cryopreservation of Sparidae fishes and provided reference for the
preservation of other fish germplasm resources.

In previous studies, slow cooling and vitrification methods had
been used to cryopreserve fish gonad tissues (Lujic et al., 2023; Ivers
etal., 2020; Higaki et al., 2017). The two methods differ in the rate of
cooling. For slow cooling, most testes or ovaries were cooled at a
rate of -1°C/min in a freezer container for more than 1 h before
being plunged into liquid nitrogen. Although slow cooling resulted
in high cell viability after cryopreservation in rainbowfish (63.5%)
(Rivers et al., 2022), rainbow trout (72.9%) (Franek et al., 2019), and
carp (65%) (Lee et al., 2016b), it required the use of special
temperature control equipment such as a freezer container that
greatly increases the cost of preservation, and it is not suitable for
the timely preservation of gonad in the sea, field, laboratory, or farm
without equipment. Unlike slow cooling, vitrification allowed the
rapid freezing of the gonad, requiring only high concentrations of
cryoprotectants, especially permeating agents. In medaka, the
vitrification medium which included 30% (vol/vol) EG (Seki et al.,
2017) was used in the cryopreservation of whole testes. Moreover, 5
M PG and 5 M DMSO were shown to result in the best survival of
gonial cells in the vitrification of cyprinid honmoroko (Higaki et al.,
2018). However, the high concentrations of permeating
cryoprotectants, such as DMSO, can be toxic to germ cells.

In contrast, this study explored the gonad preservation effect of
three groups of cryoprotectant combinations under four freezing
procedures. The freezing procedure adopted two-step or direct
freezing, without a special freezer container. In order to reduce
the toxicity, the cryoprotectant concentration was lower in this
study compared with vitrification. At the same time, in order to
prevent poor protection caused by the low concentration of
cryoprotectants, the whole gonad was cut into tissue blocks of
approximately 1 cm, 1 cm, and 0.5 cm in length, width, and height,
respectively. The testes of Hapalogenys niten could be efficiently
cryopreserved with 15% EG, 10% DMSO, and 0.2 M trehalose,
which were stored 5 cm above liquid nitrogen for 10 min and then
transferred into liquid nitrogen in this study. The other
cryoprotectant combinations such as 10% DMSO, 0.1 M
trehalose, and 10% egg yolk did not show a good preservation
effect in this study, although it could protect testes of rainbow trout
better with slow cooling by using a Bicell plastic freezing container
(Lee et al., 2013). This implied that lower concentrations of EG and
DMSO could present a better protective effect and were suitable for
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the simple preservation of testes with liquid nitrogen. This function
of EG and DMSO was consistent with previous research in sperm
cryopreservation (Lomda et al., 2024; Li et al., 2013). Compared to
vitrification, the lower concentration of cryoprotectants not only
reduces the cytotoxicity but also eliminates the need to configure
two solution systems of equilibration and vitrification. Similarly, the
ovaries of Hapalogenys niten were successfully cryopreserved with
15% PG, 0.2 M trehalose, and 15% FBS in a refrigerator at -80°C.
However, the temperature of -80°C might not be suitable for long-
term storage due to its inability to completely terminate
metabolism. The other freezing procedures of ovaries required
storing at -80°C in a refrigerator for 1 h and then transferring to
liquid nitrogen, and the ovaries were stored 5 cm above liquid
nitrogen for 10 min and then transferred into liquid nitrogen, which
also showed a relatively high cell viability (>80%) and could be used
for long-term storage.

In addition, in this study, cell survival was identified by
morphology and trypan blue or cell viability assay kits, and a
high rate was obtained. Subsequently, the preservation effect can
be further evaluated by isolating germ stem cells and performing
germ cell transplantation, or a comprehensive decision can be made
by molecular means such as PCR and in situ hybridization,
histology, and flow cytometry.

5 Conclusion

We first realized the gonad cryopreservation of Hapalogenys
nitens and the cell viability of over 90% after thawing. The results
showed that the cryoprotectant combination of 15% EG, 10%
DMSO, 0.2 M trehalose and 15% PG, 0.2 M trehalose, and 15%
FBS could effectively protect the testes and ovaries, respectively. The
testes or ovaries with cryoprotectants were cryopreserved in liquid
nitrogen or in a refrigerator at -80°C. The freezing procedure was
relatively simple and required no specialized equipment compared
to slow cooling. Moreover, unlike vitrification methods, the lower
concentration of cryoprotectants reduced the cytotoxicity of germ
cells. This study provided a simple, rapid, and efficient method for
gonad cryopreservation, which was of great significance for
germplasm preservation and artificial breeding of fish.
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