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 ABSTRACT

In recent years, there has been active development of commercial aquaculture against the background of depletion of natural 
biological resources of water bodies, considering the growing need for food products. Cryopreservation of spermatozoa of rare 
and endangered fish species is of great importance, which will help preserve their biodiversity. Scientists are interested in perch 
as a potential commercial fish, but no studies have been conducted on cryopreservation of Balkhash perch spermatozoa. The 
Balkhash perch (Perca Shrenkii Kessler, 1874) is endemic to the Balkhash-Ili basin, and currently the population of this species 
is extremely low. In this study, work was carried out to determine the effect of various cryoprotectants on sperm motility before 
and after thawing for cryopreservation of Balkhash perch sperm. For this purpose, sperm from 10 males of this species was 
obtained and examined. During freezing, components of a protective solution were used with the addition of cryoprotectors 
glycerin and dimethyl sulfoxide to the sperm. The results of the study showed that before the addition of cryoprotectants, the 
motility was 74.3 ± 5.7%. Thawed samples frozen using the cryoprotectant 2.0 M glycerol retained motility significantly longer 
than those using 2.0 M dimethyl sulfoxide.
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INTRODUCTION

The depletion of natural biological resources of the plan-
et’s water bodies has been observed throughout the world 
since the 1970s. However, the need for food products is 
steadily growing every year. The consequence of these pro-
cesses is the intensive development of commercial aqua-
culture and one of its forms - commercial fish farming. The 
volumes of seafood production in some countries increase 
several times in one year, and constitute an important item 
in the gross national product. The development of methods 
and technologies for cryopreservation of spermatozoa of rare 
and endangered fish species in Kazakhstan will help preserve 
their biodiversity. Cryopreservation is an assisted reproduc-
tive technology that is especially needed in both fish farming 
and environmental protection. Cryopreservation of fish sperm 

can effectively promote synchronization of spermiation and 
ovulation during the spawning period, maintaining high qual-
ity of gametes, and creating gene banks for the conservation 
of endangered species. 

As is known, special protocols have been developed only 
for some freshwater species, in particular for salmon, carp, 
sturgeon and catfish [1]. The Eurasian perch (Perca fluviati-
lis), a freshwater species, is of growing interest in European 
aquaculture and extensive research has been carried out on 
its artificial reproduction [2]. It should be noted that there is 
very little information on cryopreservation of perch sperm 
[3,4], and no studies on cryopreservation of spermatozoa of 
the Balkhash perch (Perca Shrenkii) have been conducted. 
Currently, the number of this species, listed in the Red Book 
of the International Union for Conservation of Nature and the 
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Figure 1. Distribution of Balkhash perch in the Balkhash-Alakol basin.
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Red Book of Kazakhstan, is extremely low. 
The Balkhash perch (Perca Shrenkii Kessler, 1874) is en-

demic to the Balkhash-Alakol basin; in the late 1960s it lost 
its commercial importance on Lake Balkhash. It accidentally 
spread with carp to the Shu, Nura River basins and other res-
ervoirs in Central and Northern Kazakhstan. There is no mod-
ern information on the presence of the Balkhash perch in the 
reservoirs of its introduction. It is known that the Balkhash 
perch can hybridize with the common perch (Perca fluviati-
lis) [5]. Currently, it is locally distributed in the Balkhash-
Ili basin; in the Alakol lakes it is present in all lakes (Fig. 1).

In the Balkhash-Alakol basin, the number varies signifi-
cantly in different water bodies. Before acclimatization work, 
the Balkhash perch was the dominant species in the basin. As 
a result of acclimatization work in the 20th century, the spe-
cies composition of the ichthyofauna expanded significantly. 
This increased competitive relations in ichthyocenoses, due 
to which the populations of the Balkhash perch have signifi-
cantly decreased. For example, the Balkhash-Ili population 
has catastrophically degraded and is listed in the Red Book 
of Kazakhstan [6]. In the Balkhash-Ili basin, small micropop-
ulations have been preserved in small rivers and pond farms, 
in the delta of the Ili River, in the floodplain reservoirs of 
the Lepsy, Aksu, Karatal, Tokraun rivers, and is also locally 
found in Lake Balkhash [7,8,9]. In the Alakol lake system, the 
Balkhash perch still retains commercial numbers and its pop-
ulations are exploited by fishing. The total limit on commer-
cial extraction in the three Alakol lakes for 2025–2026 was 
379 tons [10]. The Alakol population belongs to the 3rd cate-
gory of the animal world – in the list of valuable animal spe-
cies that are objects of hunting and fishing. The Balkhash-Ili 
population is listed in the Red Book of Kazakhstan, category 
II: declining. According to the IUCN criteria, taking into ac-
count the current distribution and number in Kazakhstan, it is 
assessed as CR: A2cde [6]. 

Improvements to existing protocols are needed to expand 
our knowledge of artificial reproduction of this valuable and 
scarce species. Many parameters can influence sperm qual-
ity through cryopreservation efficiency, including pH, osmo-
lality, morphology, ion content, ATP content, protein content, 
etc. [1,11]. In Eurasian perch, many of these parameters have 
been studied intensively over the last decade [12,13,14,4,15]. 
Sperm processing prior to cryopreservation can significantly 
affect post-thaw quality in several fish species [16,17]. The ef-
fect of short-term storage on fresh sperm quality has been the 
subject of research in many species [18,19,20,21,22]. How-
ever, information on the effect of storage time after thawing 
on the quality of cryopreserved sperm is limited to only a few 
species [23,24,25,26] and is virtually absent for perch. In-
creasing the post-thawing storage time may facilitate the use 
of cryopreservation in aquaculture. The composition of ex-
tenders, cryoprotectants and their dilution factors with fresh 
sperm used in the cryopreservation process, which affect the 
quality of cryopreserved sperm, is a widely studied factor 
[27,28,29,30], however, information on these parameters in 
relation to perch sperm is very limited.

Thus, the aim of our study was to determine the optimal 
diluent, dilution ratio and storage time after thawing for cryo-
preservation of Balkhash perch sperm.

MATERIALS AND METHODS 

Objects of research: individuals of male Balkhash perch, 
spermatozoa of Balkhash perch.

Sperm collection
10 males of Balkhash perch were used in the experiment 

that were collected from Lake Balkhash, Kazakhstan and kept 
at the Institute of Zoology in April - May 2023. Spermatogen-
esis in males was not stimulated by hormonal injections be-
fore the experiments. After thoroughly removing excess water 
and dirt around the genital area of ​​the producer with a damp 
towel, the sperm was strained into a clean, dry container. A 
suspension of sperm of medium concentration without admix-
tures of water, blood and feces was used for cryopreservation.

Sperm quality assessment
Progressive motility (WHO, 2010) was measured us-

ing the Computer Assisted Sperm Analysis (CASA) system 
(Hamilton Thorn IVOS, USA) before and after cryopreserva-
tion. Leja slide (2-chambers) was used for the analysis. To as-
sess the quality, fresh sperm was pre-diluted in a ratio of 1:100 
in 150 mM NaCl, 5 mM KCl, 1 mM MgSO4 · 7H2O, 1 mM 
CaCl2 · 2H2O, 20 mM Tris (modified Lahnsteiner immobi-
lizing solution, [9]). A mixture of 0.01 g/ml BSA (bovine se-
rum albumin) and 75 mM NaCl, 2 mM KCl, 1 mM MgSO4 
• 7H2O, 1 mM CaCl2 • 2H2O, 20 mM Tris, pH 8 (modified 
Lahnsteiner activating solution, [9]) was used to activate fresh 
and cryopreserved sperm in a ratio of 1:20. All chemicals 
were purchased from Sigma (Sigma Aldrich, USA).

Addition of cryoprotectant and equilibration
After dilution, cryoprotectants must be added to the sperm 

for freezing. The components of the protective solution were 
used in the following ratio: Tris-HCl buffer - 0.1 M, manni-
tol - 0.15 M, polyvinyl alcohol - 0.05 M per elementary unit 
of the polymer, silver iodide - 0.001 M, dimethyl sulfoxide - 
2.0 M (DMSO group) or glycerol - 2.0 M (GLY group). The 
cryoprotector was added in a ratio of 1:40. The cryoprotec-
tor was added and the sperm was diluted in Petri dishes. Af-
ter adding the cryoprotector, sperm motility was analyzed us-
ing CASA analysis.

Cryopreservation and thawing processes
After CASA analysis, sperm was diluted with differ-

ent extenders and in different dilution ratios depending on 
the experimental design. Diluted samples were loaded into 
0.5 ml straws (CryoBioSystem, France). A programmable 
freezer KryoPlaner 330 (Planer, UK) was used for freezing. 
The sperm with the extender was frozen at a rate of 10 de-
grees/min to -1000C. Thawing was performed in a water bath 
at a temperature of 400C, for about 30 seconds, until the liq-
uid phase appeared.

Statistical Data Processing
The ANOVA application program was used for statisti-

cal processing. The arithmetic mean, the standard error of 
the arithmetic mean, and the reliability of the difference in 
means P according to the student’s criterion (TTEST) were 
calculated.

RESULTS

When investigating the effect of cryoprotectants on sperm 
motility in the first study, before the addition of cryopro-
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tectants, motility was 74.3 ± 5.7%. At 10 minutes after thaw-
ing, motility was highest with 2.0 M glycerol (44.7 ± 4.2%) 
compared with 2.0 M DMSO (19.4 ± 5.8%) (Fig. 2). Statisti-
cal analysis showed a significant difference between experi-
mental groups (P < 0.05).

Figure 2. Motility of thawed Balkhash perch spermato-
zoa cryopreserved with dimethyl sulfoxide (DMSO) or glyc-
erol (GLY) (P < 0.05).

Motility in samples frozen using 2.0 DMSO cryopro-
tectant was lowest (5.7 ± 1.9%) 30 minutes after thawing and 
ceased 90 minutes after thawing. Thawed samples frozen us-
ing 2.0 M glycerol cryoprotectant retained motility longer - 
more than 180 minutes after thawing (Fig. 3).

Figure 3. Motility during storage at 4 °C for 180 min 
(mean ± S.D.) after thawing of Balkhash perch (Perca shren-
kii) sperm cryopreserved with dimethyl sulfoxide (DMSO) 
or glycerol (GLY).

An important result of the work carried out was the re-
plenishment of the biobank of germplasm of wild animals of 
the Republic of Kazakhstan at the Institute of Zoology with 
samples of the Balkhash perch spermatozoa. Frozen sperm 
samples were placed for long-term storage at a temperature 
of -196°C to preserve the genetic material and further use for 
scientific and applied purposes.

DISCUSSION

We found that Dzyuba et al. [4] reported comparable post-
thaw motility values obtained using a 300 mM glucose-based 
extender supplemented with 9% methanol for Eurasian perch 
sperm. An earlier study by Rodina et al. [3] also used a 300 
mM glucose-based extender in combination with 10% DMSO 
as a cryoprotectant, but the authors did not report results on 
motility after thawing. Our results show that 2.0 M glycerol 
can be used for cryopreservation of Balkhash perch sperm 
as effectively as the sugar-based extender described previ-
ously. Dilution ratios above 1:40 are effective. These results 
are consistent with the findings [31] for salmonids: white-
fish (Coregonus sp.), Danube salmon (Hucho hucho), rainbow 
trout (Oncorhynchus mykiss), grayling (Thymallus thymal-
lus), brown trout (Salmo trutta m. fario), etc., that, depending 
on the species, at least a three- to seven-fold dilution was re-
quired for effective viability of fish spermatozoa after thaw-
ing. Dilution factors are closely related to sperm concentration 
according to Dziewulska and Domagala [32], with sperm con-
centrations needing to be in the range of 3.0 to 4.0 x 109 ml 
sperm for maximum cryoviability. Furthermore, in the endan-
gered mahseer (Tor kudhree), results also showed that sperm 
can tolerate cryodamage more effectively when diluted more 
than six-fold [33].

According to these findings, salmon sperm is even more 
sensitive to storage time and is recommended for use imme-
diately after thawing for fertilizing eggs. Even 30 seconds of 
storage results in a significant reduction in fertilization capac-
ity in salmon fish [23,24]. In contrast to these results, thawed 
sperm of Siberian sturgeon (Acipenser baerii) and Russian 
sturgeon (A. gueldenstaedtii) can be stored for up to 6 and 
2 hours, respectively, without significant reduction in motil-
ity [34]. Cryopreserved African catfish (Clarias gariepinus) 
sperm was found to be particularly resilient to long-term stor-

age after thawing, as its fertilizing ability and membrane in-
tegrity (viability) showed no decrease during 26 hours of stor-
age [35]. Storage of Atlantic cod (Gadus morhua) sperm after 
thawing for 30 minutes did not significantly affect its motil-
ity [26]. 

The influence of important parameters on the process of 
cryopreservation of Balkhash perch sperm was studied in our 
experiments. Further experiments are needed to investigate 
other important parameters and standardize the cryopreser-
vation of perch sperm, such as sperm contamination, cooling 
rate, equilibration time, sperm-to-egg ratio and others.
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АБСТРАКТ

В последние годы наблюдается активное развитие товарной аквакультуры на фоне истощения естественных био-
логических ресурсов водоемов с учетом растущей потребности в продуктах питания. Большое значение приобретает 
криоконсервация сперматозоидов редких и исчезающих видов рыб, что позволит сохранить их биоразнообразие. Ин-
терес ученых вызывает окунь, как потенциальный промысловый объект, а исследования по криоконсервации сперма-
тозоидов балхашского окуня не проводились. Балхашский окунь (Perca Shrenkii Kessler, 1874) является эндемиком Бал-
хаш-Илийского бассейна, и в настоящее время численность этого вида крайне низкая. В данном исследовании были 
проведены работы по определению влияния различных криопротекторов на подвижность сперматозоидов до и после 
размораживания для криоконсервации спермы балхашского окуня. Для этого была получена и исследована сперма от 
10 самцов данного вида. При замораживании использовали компоненты защитного раствора с добавлением в сперму 
криопротекторов глицерина и диметилсульфоксида. Результаты исследования показали, что до добавления криопро-
текторов подвижность составила 74,3 ± 5,7 %. Оттаянные образцы, замороженные с использованием криопротектанта 
2,0М глицерин, сохраняли подвижность гораздо дольше, чем с использованием 2,0М dimethyl sulfoxide.

Ключевые слова: балхашский окунь, сперматозоиды, криоконсервация, криопротекторы, биобанк.
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АҢДАТПА 

Соңғы жылдары су объектілерінің табиғи биологиялық ресурстарының сарқылу фонында, азық-түлік өнім-
деріне деген өсу қажеттілігін ескере отырып, кәсіптік аквакультураның белсенді дамуы байқалуда. Сирек кездесетін 
және жойылып бара жатқан балық түрлерінің сперматозоидтарын криоконсервациялаудың маңызы зор, бұл олар-
дың биоәртүрлілігін сақтауға көмектеседі. Ғалымдарды алабұға әлеуетті кәсіптік балық ретінде қызықтырады, бірақ 
Балқаш алабұғасының сперматозоидтарын криоконсервациялау бойынша зерттеулер жүргізілген жоқ. Балқаш ала-
бұғасы (Perca Shrenkii Kessler, 1874) Балқаш-Іле алабының эндемигі болып табылады және қазіргі уақытта бұл түрдің 
саны өте аз. Бұл зерттеуде Балқаш алабұғасының шәуетін криоконсервациялау үшін әртүрлі криопротекторлардың 
сперматозоидтардың ерігенге дейін және одан кейінгі қозғалғыштығына әсерін анықтау жұмыстары жүргізілді. Осы 
мақсатта осы түрдің 10 аталығынан сперматозоид алынып, зерттелді. Мұздату кезінде сперматозоидтарға криопро-
текторлар глицерин және диметилсульфоксид қосылған қорғаныс ерітіндісінің компоненттері қолданылды. Зерттеу 
нәтижелері криопротекторларды қосқанға дейін қозғалғыштығы 74,3 ± 5,7% болғанын көрсетті. 2,0 М глицерин кри-
опротекторын пайдаланып мұздатылған жібітілген үлгілер қозғалғыштығын 2,0 М диметил сульфоксиді қолданатын-
дарға қарағанда әлдеқайда ұзақ сақтады.

Негізгі сөздер: Балқаш алабұғасы, сперматозоидтар, криосақтау, криопротекторлар, биобанк
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