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Abstract 
 

Sturgeons, considered "living fossils," face extinction due to various factors, according 
to the International Union for Conservation of Nature's Red List. The present study 
describes a uniform sperm cryopreservation method for the endangered Caspian Sea 
sturgeon species, which are beluga (Huso huso), Persian (Acipenser persicus), stellate 
(Acipenser stellatus), and ship (Acipenser nudiventris) sturgeons for both artificial 
reproduction and ex-situ conservation attempts. For this aim, sperm samples were 
diluted 1:1 in extender composed of 118 mM Tris buffer (pH=8) and 23.4 mM sucrose-
based extender containing 15% DMSO and equilibrated for one hour at 4°C. Then, 
sperm samples were placed into 0.50-ml straws and multi-stage cooling was applied 

to freeze with the help of a programmable freezer with an accuracy of ±0.1C/min, and 

finally stored in liquid nitrogen (-196C) tank. Thawing was performed at 40°C water 
baths for 25 s. The results indicated that storage for two years resulted in a 24.7% 
fertilization rate for the stellate sturgeon, while the Persian sturgeon had a remarkable 
rate of 58.2% after five years storage. 

 

Introduction 
 

The Caspian Sea, known as the largest brackish 
water lake globally, houses six species of sturgeons. The 
Caspian Sea has long been recognized as the sturgeon 
sea due to its contribution of over 90 percent of the 
global caviar supply. Even though sturgeon numbers 
have dropped significantly recently, the Caspian Sea 
remains a vital location for sturgeon fishing and 
aquaculture.  

Sturgeon populations and their diversity have 
suffered declines as a result of environmental pressures 
like water pollution, dam building, and the development 
of nearby watersheds for irrigation. Sturgeons, currently 
known as 'living fossils', are at risk of extinction based on 

the Red List created by the International Union for 
Conservation of Nature (Bozkurt & Chebanov, 2024). It 
is apparent that the standard approaches of reducing 
pollution and conserving habitats have not been 
effective in preserving and replenishing these 
populations. Thus, there is an urgent need to develop 
more stringently measures for the conservation of 
sturgeon stocks (Pourkazemi, 2006). In light of the 
potential extinction of sturgeon in the Caspian Sea, it is 
crucial to preserve their sperm through ex-situ methods 
to ensure their long-term conservation. Thus, 
biotechnological tools such as cryopreservation should 
promptly be integrated into ex-situ conservation 
initiatives such as cryobanking.  
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Burtsev and Serebryakova made the first attempt 
to preserve the sperm of three sturgeon species: Huso 
huso (Beluga), Huso dauricus (Kaluga), and Acipenser 
ruthenus (Sterlet sturgeon) (Mims et al., 2011). Since 
then, many studies carried out on cryopreservation of 
sperm in different sturgeon species including Acipenser 
fulvescens (Lake sturgeon), Acipenser baeri (Siberian 
sturgeon), Acipenser sturio (Atlantic sturgeon), 
Acipenser sinensis (Chinese sturgeon), Acipenser 
persicus (Persian sturgeon), Acipenser stellatus (Stellate 
sturgeon), Acipenser gueldenstaedtii (Russian sturgeon), 
Acipenser transmontanus (White sturgeon), and 
Polyodon spathula (Paddlefish) (Yamaner et al., 2015). 
On the other hand, a uniform sperm cryopreservation 
study including all Caspian Sea sturgeon species has 
never been studied to date, which is the main 
motivation of this study.  

Preserving sperm through cryopreservation is a 
crucial step in advancing biotechnology for assisted 
reproduction in fish (Bozkurt, 2019). In this regard, 
cryopreserved sperm enables the creation of gene 
banks and facilitates the combination of genetic traits 
for endangered species. Additionally, the use of 
cryopreserved sperm in breeding initiatives can help in 
the creation of improved genetic stocks and the develop 
of genetic reserves for aquaculture.  

Gamete cryopreservation requires the collection of 
gametes, evaluation of initial sperm quality, semen 
dilution in an cryosolution, equilibration of diluted 
sperm, freezing of sperm, thawing of frozen sperm, and 
evaluation of sperm quality post-thawing (Asturiano et 
al., 2017; Martinez-Paramo et al., 2017). Several 
methods have been established for freezing sturgeon 
sperm. These investigations have emphasized the 
importance of selecting the optimal cryoprotectant, 
extender, and their combinations; dilution rate, freezing 
and thawing methods etc. (Dzyuba et al., 1999; Billard et 
al., 2004, Kopeika et al., 2008). The cryopreservation 
methods currently used are not sufficiently efficient for 
regular use in sturgeon breeding and genetic material 
preservation (Beirao et al., 2019; Contreras et al., 2019). 

In this regard, one challenge in semen 
cryopreservation is the need to significantly adjust 
methods to different species, even in the same genus. 
Although there have been advancements in milt 
cryopreservation in recent decades, the outcomes tend 
to be inconsistent, requiring the customization 
techniques for individual species. In this context, 
because sturgeons exhibit a high degree of similarity in 
sperm biology, cryopreservation techniques can be 
transferred between different species with minimal 
protocol adaptations (Horvath et al., 2011).   

In the context of this study, we report how 
fertilization was affected by the use of sturgeon sperm 
frozen by a simple protocol using computer-assisted 
freezing. We also tested the effectiveness of DMSO as 
cryoprotectant together with sucrose-Tris based 
solution as an extender. We choosed sucrose solution 
because sperm from aquatic organisms with acrosomes 

could be effectively preserved using this solution 
according to some authors (Glogowski et al., 2002; Mims 
et al. 2000).   

From this point of view, this research is focused on 
testing a consistent sperm cryopreservation method to 
support gene banking initiatives for the endangered 
Caspian Sea sturgeon species such as beluga (Huso 
huso), Persian sturgeon (Acipenser persicus), stellate 
(Acipenser stellatus), and ship (Acipenser nudiventris). 
The efficacy of cryopreservation protocols was 
determined by evaluating the fertilization ratio of 
thawed sperm.  

 

Material and Methods 
 

Broodstock  
 

The broodstock were caught using gillnets from the 
Sefid Rud River in the north of Iran during the breeding 
periods of April-June 2015 and 2016. Captured 34 male 
sturgeon broodstock, including 25 males of A. persicus, 
four males of A. stellatus, three males of H. huso, and 
two males of A. nudiventris were transported to the 
Shahid Beheshti Sturgeon Hatchery located in Rasht, 
Iran. However, 18 male brood sturgeons were included 
to the study due to their high quality sperm.   

The sturgeon broodstock were kept in separated 
tanks for 30 days for maturation before artificial 
propagation experiments. Depending on the species, 
the water temperature conditions for keeping the 

broodstock were in the range of 10-14C and dissolved 
oxygen was more than 7.5 ppm and water pH was 
between 5.5-7.5 during this period. The guidelines for 
the care and use of animals for scientific purposes were 
followed during fish manipulations (National Health and 
Medical Research Council, Australia).    
 
Gamete Collection 
 

For the aim of hormone injection and gamete 
collection, the male and female breeders were 
anesthetized using clove powder solution at the rate of 
150-200 mg/L. Sexually mature broodfish were 
intramuscularly induced to spawn by injections of GnRH 
hormone (Samen company, Mashhad, Iran). For this 
aim, this hormone was injected to the female broodfish 
in the amount of 20 µg kg-1 body weight in two stages, 
in the first stage 20%, and after 6 hours the remaining 
hormone was injected inside of the back muscle. For 
spermiation of the male broodfish, the GnRH hormone 
injection was done at the same time as the second 
injection of the female broodfish at the rate of 10 µg kg-1 
body weight 24 h before stripping (Eenennaam et al., 
2008).   

Sperm was collected from the urogenital papilla by 
aspiration using dry syringe (50 ml) with a silicon tube 
attached to it, after cleaning and drying the genital 
region to avoid contamination of mucus, feces, or water. 
The collected sperm samples were kept in 15 ml falcon 
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tubes and instantly stored in a refrigerator at a 
temperature of 5°C. Then, the fresh sperm in falcon 
tubes were transferred to the laboratory immediately to 
evaluate its quality in terms of motility, density, pH and 
colour.  

Eggs were collected from two females of each 
species 24 h after hormone injection by inverting and 
applying slight pressure to the abdominal region. The 
eggs flowed through the urogenital opening into a 
plastic bowl. Then, collected eggs were stored in aerobic 
conditions at 17°C following evaluation in terms of 
homogeneous shape, colour and size are used for 
fertilization within 30 min.  
 
Evaluation of Sperm Quality   
 

Fresh and post-thawed spermatozoa (1 µl) were 
mixed with hatchery water (10 µl) for activation of 
sperm cells to evaluate spermatozoa motility. Sperm 
motility was determined by observing the percentage of 
cells with progressive movement, and the time until this 
movement ceased was recorded. These parameters 
were estimated in triplicate visually, using light 
microscope (Olympus BX50, Tokyo, Japan) under 400x 
magnification at room temperature condition (20±2°C) 
(Sarosiek et al., 2004).   

The density of sperm cells were determined 
according to the hemocytometric method. For this aim, 
sperm were diluted at a ratio of 1:1000 with Hayem 
solution (35.2 mM Na2SO4, 17.1 mM NaCl, 1.8 mM HgCl2, 
200 mL bicine), and density was determined using a 100 
μm deep Thoma hemocytometer (TH-100; Hecht-
Assistant, Sondheim, Germany) at 400x magnification 
with an Olympus BX50 phase contrast microscope and 
expressed as sperm x109 mL-1 (three replicates) (Bozkurt 

& Yavaş, 2024). Sperm density was calculated as follows: 
Sperm density (per ml) = 1000 x number of counted 
sperm/[area (mm2) x chamber depth (mm) x dilution 
ratio] (Aramli & Nazari, 2014). Spermatocrit was 
evaluated after centrifugation at 5000 rpm for 5 minutes 
(Williot et al., 2002). Standard pH electrodes were used 
to measure sperm pH within 30 min. of sperm collection. 
All the sperm quality analyses were replicated three 
times.  

Quantity and quality of sperm of 34 male breeders 
of sturgeon, including 25 males of A. persicus, four males 
of A. stellatus, three males of H. huso, and two males of 
A. nudiventris were evaluated. However, sperm samples 
from 18 male brood sturgeon with suitable quality 
especially having more than 70% motility were selected 
for the cryopreservation experiments (Table 4). The 

selected sperm samples were kept at 5C for the 
cryopreservation experiments (Park & Chapman, 2005).   
 
Cryopreservation Procedure 
 

Separate samples of sperm were taken from each 
male and diluted with a 1:1 ratio in cryosolution, which 
previously cooled at 4°C. The cryosolution was 
composed of 118 mM Tris buffer (pH=8), 23.4 mM 
sucrose, and 15% DMSO (Cherepanov & Kopieka, 1999; 
Dzyuba et al., 1999; Kopieka et al., 2000) and was kept 
at 4°C for one hour for equilibration. Following, the 
transfer of the samples into freezing straws with a 
volume of 0.5 ml was done by an automatic filling 
machine (IMV France). Then multi-stage cooling (Drokin 
& Kopieka, 1999) after equilibration the diluted samples, 
with the help of a programmable freezer with the 
accuracy of ±0.1°C/min, were implemented for each 
species separately as described in Tables No. 1, 2, and 3 

Table 1. Intensity of cooling in sperm of beluga (Billard et al., 2004) 

Cooling stages Initial temp. (oC) Final temp. (oC) Intensity (oC/min) 

Stage I 5 -10 2 
Stage II -10 -70 20 
Stage III -70 -90 30 
Stage IV -90 -196 Immediately 

 
 
 

Table 2. Intensity of cooling in sperm of ship and stellate sturgeon (Billard et al., 2004) 

Cooling stages Initial temp. (oC) Final temp. (oC) Intensity (oC/min) 

Stage I 5 -9 3.5 
Stage II -9 -70 25 
Stage III -70 -90 30 
Stage IV -90 -196 Immediately 

 
 
 

Table 3. Intensity of cooling in sperm of Persian sturgeon (Noveiri et al., 2006) 

Cooling stages Initial temp. (oC) Final temp. (oC) Intensity (oC/min) 

Stage I 5 -15 3 
Stage II -15 -70 20 
Stage III -70 -90 25 
Stage IV -90 -196 Immediately 
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(Glogowski et al., 2002; Linhart et al., 2006; Kopieka, & 
Kopieka, 2008). The temperature regulation 
characteristics of the multiple stages of chilling were the 
same for each species in all experiments. In the last 
stage, the frozen sperm samples were collected and 
stored in a liquid nitrogen tank (-196°C) for long-term 
storage. The spermatozoa motility during the storage of 
cryopreserved semen samples, at different time 
intervals after cryopreservation was monitored 
(Figure 1).   
 
Thawing of Frozen Sperm and Fertilization 
 

The straws were thawed in a water bath at 40°C for 
25 s (Tsvetkova et al., 1996; Lahnsteiner et al., 2004) for 
further evaluation and fertilization. The same sperm-to-
egg ratio was used for both fresh and cryopreserved 
sperm for each species separately during fertilization. 
The effectiveness of fresh and frozen-thawed sperm in 
fertilization was assessed by conducting three replicates 
using eggs obtained from one female spawners for 
Persian and stellate sturgeons during the breeding 
season.  For fertilization, the ovarian fluid was removed 
and eggs were placed in a Petri dish. Subsequently, 1 ml 
of thawed sperm was used for every 100 g of Persian 
sturgeon eggs, and 1 ml of thawed sperm was used for 
every 100 g of stellate sturgeon eggs in the fertilization 
experiments. This procedure was also conducted using 
fresh sperm with all batches of eggs for each species 
separately.  Then, the eggs were quickly combined with 
8 mL of hatcher water used for activating solution. Five 
minutes later, approximately 50 mL of hatchery water 
was added again, and the eggs were rinsed multiple 
times, continuously stirred for ten minutes, and then 
washed with a tannic acid solution (200 mg L-1) to get rid 
of stickiness. The eggs were placed into individual plastic 
baskets with flowing hatchery water and then 
incubated. Fertilization success was determined at 15-

16C when the eggs reached to the four-cell stage 
(Dettlaff et al., 1993), which occurred about 24 h 
following fertilization.  
 
Statistical Analyses 
 

Overall differences between means were 
considered significant when p<0.05. The relationship 
between post-thaw motility (%) and storage period 
(day) was carried out using the MS Excel statistical data 
analysis. Other results were statistically processed using 
SPSS program.  
 

Results 
 

For fresh sperm, the highest sperm motility ranges 
(70-90%), sperm density (2.75±1.68x109 mL-1), and 
spermatocrit levels (8.16±4.3) were measured in 
Acipenser persius whereas, the lowest motility ranges 
(50-54%) in Acipenser nudiventris, sperm density 
(0.95±0.32x109 mL-1), and spermatocrit levels (1.3±0.4) 
were measured in Acipenser stellatus. According to the 
results, the lowest post-thaw motility ranges (<30%) 
were determined in Acipenser percius sperm. Also, the 
highest mean sperm pH was measured in Acipenser 
nudiventris as (9.11%), whereas, its the lowest mean 
value in Acipenser percius as (8.42±0.54) (Table 4).  

The post-thaw motility values decreased with 
storage period. The changing trend of post-thaw 
motilities were described in Figure 1. The findings from 
fertilization tests with fresh and cryopreserved sperm 
are outlined in Table 5. Among the cryopreserved 
samples, the highest mean post-thaw fertilization 
(58.2%) were observed in Persian sturgeon. The 
fertilization rates using thawed-frozen sperm in one 
beluga and one ship sturgeon were 7% and 8%, 
respectively.  

 

Figure 1. The changing trend of the motilities of Caspian Sea sturgeon broodstock sperm [T1: initial motility, T2: post-thaw motility 

(immediately), T3: PT motility after 60 days, T4: PT motility after 90 days, T5: PT motility after 120 days, T6: PT motility after 150 

days, T7: PT motility after 180 days, T8: PT motility after 210 days]. 
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Discussion 
 

Sperm cryopreservation is a valuable tool for the 
management and improvement of selective breeding 
programs and genetic conservation of endangered 
aquatic species. The establishment of sperm cryobanks 
for Caspian Sea sturgeon species, which are critically 
endangered, can help in conserving of natural stocks 
and in raising of this valuable species. Considering this 
perspective, this study describes the first attempt to 
freeze sperm in Caspian Sea sturgeon species using a 
uniform method for establishing cryobanks.  

In spite of there are many studies on 
cryopreservation of sperm in different sturgeon species 
such as Acipenser baerii (Judycka et al., 2015), Acipenser 
ruthenus (Jahnichen et al., 1999), Acipenser fulvesscens 
(Toth et al., 1999), Acipenser gueldenstaedtii (Shaliutina 
et al., 2013) a uniform sperm cryopreservation study 
including all Caspian Sea sturgeon species has never 
been studied. Additionally, limited amounts of data are 
available regarding this issue and the methods have only 
been adapted to sturgeons individually.  

The variability in extenders, cryoprotectants, and 
freezing methods complicates the assessment of the 
effectiveness of different cryopreservation techniques 
(Bozkurt & Yavaş, 2024). It is possible to indicate that 
using a basic extender blend, reducing dilution levels, 
and minimizing holding time makes freezing processes 
less complex. In this regard, firstly, an effective 
cryopreservation technique requires a proper extender 
with an optimal level of cryoprotectant to decrease cell 
damage linked to dehydration, cellular injuries, and ice 
crystal formation (Bozkurt & Yavaş, 2024).   

In line with cryobiology principles, sugars shield 
cells from osmotic shock when external water decreases 
due to ice formation, and they may also aid in preserving 
the structural and functional integrity of membranes in 
cold temperatures. In this regard, carbohydrate-based 
solutions are commonly utilized in research for 

immobilization of sturgeon semen for cryopreservation 
(Judycka et al., 2015; Horvath et al., 2011). In fish sperm 
cryopreservation, saccharides like sucrose are 
frequently utilized to extend the lifespan of the sperm 
(Stoss and Holtz, 1983; Ciereszko & Dabrowski, 1996). 
The carbohydrates are successful due to their ability to 
protect against freezing.   

The results of this study support earlier research 
indicating that a straightforward sucrose-containing 
medium is beneficial for freezing sturgeon sperm. In this 
context, despite glucose usage in sperm 
cryopreservation studies as in some sturgeon species 
(Judyca et al., 2024; Aramli et al., 2015), the present 
study showed that sucrose-Tris based cryosolution 
provided effective post-thaw motility and fertilization 
results in combination with the 15% of DMSO for Persian 
and stellate sturgeon. Similar to our study, Tsvetkova et 
al., (1996) reported successful post-thaw motility and 
fertilization results using cryopreserved sperm from 
sterlet (Acipenser ruthenus) and Siberian sturgeon 
(Acipenser baeri) when sperm was diluted in a 1:1 ratio 
with a cryosolution including 15% DMSO, 23.4 mM 
sucrose, 118 mM Tris-HCl, 20% egg yolk and thawed for 
25 s at 40ºC resulting 23±9% motility and 53±8% fertility 
in Siberian sturgeon and 15 ± 11% motility and 23±11% 
fertility in sterlet.  

Cryoprotectants exhibit varying protective effects 
in different fish species. The effectiveness of CPAs in 
sperm cryopreservation may differ depending on the 
fish species. The differences in sperm size, shape, and 
seminal plasma composition, such as ionic and organic 
components and osmolality, between species might be 
the reason. For example, while 12.5% or 17.50% egg yolk 
was used as CPA successfully in sperm cryopreservation 
in sterlet (Jahnichen et al., 1999), but it was found too 
toxic for use in Persian sturgeon (Shaluei et al., 2017). 
DMSO is a commonly used cryoprotectant to lower the 
freezing point of the extracellular medium, reduce the 
harm caused by ice crystals, and control the rate of 

Table 4. Biometric characteristics and quality parameters of sperm by Caspian Sea sturgeon species.    

Caspian Sea 
Sturgeons 

Weight  
(kg) 

Total length 
(cm) 

Fresh Sperm Motility 
Ranges (%) 

Post-thaw Sperm 
Motility Ranges (%)  
(210 days storage) 

Sperm Density 
(109/ml) 

Spermatocrit 
(%) 

Sperm pH 
Total Cryopreserved 

Sperm Amounts  
(ml) 

Acipenser percius 
(n=12) 

17.175±1.4 150.5±7.5 70-90 <30 2.75±1.68 8.16±4.3 8.42±0.54 1010 

Acipenser stellatus 
(n=4) 

10.74±2.78 112.75±7.5 70-80 32-45 0.95±0.32 1.3±0.4 8.81±0.88 90 

Huso huso (n=1) 83 217 77-80 30-35 2.131 2 8.57 80 
Acipenser 
nudiventris (n=1) 

Not 
measured 

Not  
measured 

50-54 35-40 1.116 2 9.11 110 

 
 
 

Table 5. The fertilization results using fresh and cryopreserved sperm from Caspian Sea sturgeon broodstock at the end of 210 days 
cryostorage.  

Caspian sturgeon species 
Fresh Sperm Fertilization Percentage Ranges (%) 

(24 hours later following fertilization) 
Post-thaw Fertilization Percentages (%) 
(24 hours later following fertilization) 

Acipenser percius 65-70 58.2 
Acipenser stellatus  67-70 24.7 
Huso huso 70-78 7 
Acipenser nudiventris  50-60 8 
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cellular dehydration in freshwater fishes. It is typically 
applied at concentrations ranging from 5 to 25%. 

Pushkar et al. (1979) have demonstrated that 
DMSO was the best cryoprotectant for sturgeon sperm 
when used in a diluent containing Tris-buffer and egg 
yolk, with 50 to 60% of the post-thawed sperm motility 
in stellate sturgeon and 64% fertility in Russian sturgeon 
(Acipenser guldenstadti). Mims et al. (2000) 
demonstrated that employing DMSO as a 
cryoprotectant along with a slow, three-stage freezing 
regimen produced the most favorable outcomes for 
cryopreserving paddlefish (Polyodon spathula) sperm. 
However, methanol was found to be a viable 
cryoprotectant for sterlet sperm by Horvath & Urbanyi 
(2000) in comparison to DMSO and DMA at different 
concentrations. According to these authors, the most 
favorable post-thaw motility results (46±23%) and 
fertility (22±16%) were obtained using the sucrose 
extender and 10% methanol, whereas DMSO only 
yielded 2±4% fertility and DMA none.  

Taking into account the overall results obtained 
from these experiments, our findings are in line with 
earlier studies that suggest DMSO as an efficient CPA for 
sturgeon (Tsvetkova et al. 1996; Glogowski et al. 2002; 
Boryshpolets et al. 2011) and paddlefish (Horvath et al. 
2006; Linhart et al., 2006) sperm. According to 
literature, DMSO is known as the most efficient CPA, 
potentially because of its small molecular size, rapid 
penetration into sperm cells, and its bonding with the 
sperm membrane's phospholipids (Suquet et al., 2000).   

It is important to note that sturgeon sperm is 
extremely challenging to preserve through 
cryopreservation due to its unique properties, such as a 
short duration of motility, low production of adenosine 
triphosphate (ATP), and high sensitivity to osmotic 
stress. These factors make the sperm more susceptible 
to damage during the cryopreservation process 
(Martinez-Paramo et al., 2009). Thus, the implemented 
freezing protocols have great importance among the 
factors affecting sperm cryopreservation success in 
sturgeons.  

Regarding this issue, Cherepanov & Kopeika (1999) 
indicated that the best protocol was obtained when 10-
15% DMSO used with 100-150 mM Tris-HCl extender 
including 10-15% chicken egg yolk (pH 8.1) when 
sturgeon sperm of various species were successfully 
fertilized using a three-step process to freeze the sperm 
in polypropylene ampoules ranging from 0.5 to 1.5 mL: 
Huso huso, Acipenser baeri, Acipenser gueldenstaedtii 
gitldenstadtii, Acipenser medirostris, Acipenser 
nudiventris, Acipenser ruthenus, Acipenser stellatus, and 
hybrid - Huso huso x Acipenser ruthenus. 

Additionally, Drokin & Kopeika (1999) reported 
sperm cryopreservation results of Siberian sturgeon 
(Acipenser baerii), Sakhalin sturgeon (Acipenser 
mikadoi), and stellate applying the same protocol, which 
diluting sperm 1:1 in a cryosolution containing 20 mM 
Tris-HCl, 15% DMSO, 18% egg yolk (pH 8) pouring into 
plastic ampoules and freezing in a three-step program. 

In this freezing protocol, ampoules were thawed at 40C 
for 30 s. resulting in post-thaw motility results such as 
30-40% for Sakhalin sturgeon, 15-20% for Siberian 
sturgeon and stellate sperm had 30-40%. 

However, according to applied freezing protocol in 
this study, sperm samples were diluted 1:1 in extender 
composed of 118 mM Tris-buffer (pH=8) and 23.4 mM 
sucrose-based extender containing 15% DMSO and 
equilibrated for one hour at 4°C. Then, sperm samples 
were placed into 0.50-ml straws and multi-stage cooling 
was applied to freeze with the help of a programmable 

freezer with an accuracy of ±0.1C/min, and finally 

stored in liquid nitrogen (-196C) tank. Following 
thawing of frozen sperm samples at 40°C water baths for 
25 s., the results indicated that storage for 2 years 
resulted in a 24.7% fertilization rate for the stellate 
sturgeon, while the Persian sturgeon had a remarkable 
rate of 58.2% after 5 years storage. To the best of our 
knowledge, this study represents the initial trial of 
employing a controlled-rate freezer for preserving 
sperm from Caspian Sea sturgeon species. In earlier 
experiments, sturgeon sperm was cryopreserved using a 
polystyrene box with straws placed on different height 
frames floating on liquid nitrogen. (Abed-Elmdoust et 
al., 2019; Golshahi et al., 2018; Linhart et al., 2006; 
Glogowski et al., 2002). However, the implemented 
technique in the present study provides us with the 
opportunity to adjust the freezing rate in 
cryopreservation. This allows for the cryopreservation 
process to be performed under any circumstances and 
can be implemented for extensive sturgeon gene 
preservation. Furthermore, this approach enables us to 
easily control the freezing rate, which can be 
advantageous for the cryopreservation of embryonic 
cells. Typically, a slow freezing rate is required at the 
initial stage to minimize the formation of intracellular ice 
and facilitate vitrification (Gurruchaga et al., 2018).  

The study revealed that post-thaw sperm motility 
and fertilization rates were lower than those of fresh 
sperm. The declines seen may be a result of reduced 
sperm viability percentage, increased sperm cell 
damage, or lowered ATP content after cryopreservation 
(Alavi et al., 2012). On the other hand, it should be 
known that the presence of a functional acrosome 
makes sturgeon and paddlefish spermatozoa unique 
compared to other fish sperm. Most studies on 
preserving chondrostean sperm through 
cryopreservation have established techniques that yield 
high motility but low rates of fertilization (Horvath et al., 
2009). From this point of view, it is clear that structural 
changes in sperm cells are accountable for this, without 
affecting sperm motility. This is probably due to the 
presence of acrosomes, a characteristic that is lacking in 
the majority of teleosts. Psenicka et al. (2008) examined 
cryopreserved sterlet sperm to determine why DMSO 
produced high post-thaw motility but low fertilization 
rates in sturgeon sperm compared to methanol. 
According to their findings, the sperm motility features 
following cryopreservation with methanol or DMSO did 
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not differ significantly. However, specific acrosomal 
staining was 12.7% higher in sperm cryopreserved with 
DMSO than in sperm cryopreserved with methanol. 
According to these authors, the staining results 
indicated that DMSO caused damage to the acrosome 
during cryopreservation, resulting in lower fertility.   
 

Conclusion  
 

In conclusion, this study demonstrates that 
cryopreservation of Persian and stellate sturgeons' 
sperm is possible in a cryosolution with 15% DMSO and 
sucrose, using 0.50-ml straws. The applied protocol is 
ideal for commercial hatcheries supporting the artificial 
reproduction of Persian and stellate sturgeons, given 
the promising post-thaw motility and fertility results. 
This study has also shown that frozen sperm has a vital 
role in conserving the endangered sturgeon stock, 
despite having only 10% sperm motility after thawing. 
The creation of new techniques and the use of 
supplements can significantly improve the survival of 
frozen sperm and promote the establishment of 
cryobanks for ex-situ conservation of sturgeons.  
 

Ethical Statement 
 

Not Appicable.  
 

Funding Information 
 

The present work does not have any funding 
source.  

 

Author Contribution 
 

Conceptualization: YB, Data Curation: MHS, Formal 
Analysis: MHS, Investigation: MHS, Methodology: MHS, 
Visualization: YB, Writing-original draft and Editing: YB  
 

Conflict of Interest 
 

The authors does not have any conflict of interest.  
 

Acknowledgements 
 

The authors thank the staff of the Shahid Beheshti 
Sturgeon Hatchery, Iran for their technical assistance. 
The guidelines for the care and use of animals for 
scientific purposes were followed during fish 
manipulations (National Health and Medical Research 
Council, Australia).    
 

References 
 
Abed-Elmdoust, A., Rahimi, R., Farahmand, H., Mojazi, Amiri, 

B.M., Mirvaghefi, A., & Rafiee, G. (2019). Droplet 
vitrification versus straw cryopreservation for 
spermatozoa banking in Persian sturgeon (Acipenser 

persicus) from metabolite point of view. Theriogenology, 
129, 110-115.  
https://doi.org/10.1016/j.theriogenology.2019.02.031.  

Alavi, S.M.H., Hatef, A., Psenicka, M., Kaspar, V., Boryshpolets, 
S., Dzyuba, B., Cosson, J., Bondarenko, V., Rodina, M., 
Gela, D., & Linhart, O. (2012). Sperm biology and control 
of reproduction in sturgeon: (II) sperm morphology, 
acrosome reaction, motility and cryopreservation. 
Reviews in Fish Biology and Fisheries, 22 (4), 861-886. 
https://doi.org/ 10.1007/s11160-012-9270-x.  

Aramli, M.S., Golshahi, K., Nazari, R., Aramli, S., & Banan, A. 
(2015). Effectiveness of glucose–methanol extender for 
cryopreservation of Huso huso spermatozoa. Animal 
Reproduction Science, 162, 37-42.  
https://doi.org/10.1016/j.anireprosci.2015.09.005.  

Aramli, M.S., & Nazari, R. (2014). Motility and fertility of 
cryopreserved semen in Persian sturgeon, Acipenser 
persicus, stored for 30-60 min after thawing. 
Cryobiology, 69 (3), 500-502.  
https://doi.org/10.1016/j.cryobiol.2014.10.006.   

Asturiano, J.F., Cabrita, E., & Horváth, A. (2017). Progress, 
challenges and perspectives on fish gamete 
cryopreservation: A mini-review. General and 
Comparative Endocrinology, 245, 69-76.  
https://doi.org/10.1016/j.ygcen.2016.06.019. 

Beirao, J., Boulais, M., Gallego, V., O’Brien, J. K., Peixoto, S., 
Robeck, T. R., & Cabrita, E. (2019). Sperm handling in 
aquatic animals for artificial reproduction. 
Theriogenology 133, 161–178.  
https://doi.org/10.1016/j.theriogenology.2019.05.004. 

Billard, R., Cosson, J., Noveiri, S.B., & Pourkazemi, M. (2004) 
Cryopreservation and short term storage of sturgeon 
sperm, A review. Aquaculture, 236, 1-9.  
https://doi.org/10.1016/j.aquaculture.2003.10.029.  

Boryshpolets, S., Dzyuba, B., Rodina, M., Alavi, S.M.H., Gela, D., 
& Linhart, O. (2011). Cryopreservation of sterlet 
(Acipenser ruthenus) spermatozoa using different 
cryoprotectans. Journal of Applied Ichtiyology, 27, 147-
1149.  
https://doi.org/10.1111/j.1439-0426.2011.01866.x.  

Bozkurt, Y., & Yavaş, İ. (2024). Comparison of different freezing 
techniques, extenders, and cryoprotectants on quality 
and fertility of cryopreserved Salmo trutta f. fario sperm. 
Acta Scientiarum Technology, v. 46, e64924. 
https://doi.org/10.4025/actascitechnol.v46i1.64924. 

Bozkurt, Y., & Chebanov, M. (2024). Action before the 
extinction of endangered sturgeon species: With 
emphasis on stock enhancement and conservation. In: 
Aquaculture Industry - Recent Advances and 
Applications, (Ed): Bozkurt, Y. IntechOpen. p. 13-27.  
https://doi.org/10.5772/ intechopen.113385.   

Bozkurt, Y. (2019). Introductory chapter: Cryopreservation 
biotechnology in aquatic science. In: Biological Research 
in Aquatic Science, (Ed): Bozkurt, Y. IntechOpen. p.3-8. 
https://doi.org/10.5772/intechopen.85901.   

Cherepanov, V.V., & Kopeika, E.F. (1999). Cryopreservation 
and low temperature storage of sturgeon sperm. Journal 
of Applied Ichthyology, 15(4-5), 310-311.   

Contreras, P., Dumorné, K., Ulloa-Rodríguez, P., Merino, O., 
Figueroa, E., Farías, J.G., Valdebenito, I., & Risopatrón, J. 
(2019). Effects of short-term storage on sperm function 
in fish semen: a review. Reviews in Aquaculture, 12, 
1373-1389. https://doi.org/10.1111/raq.12387. 

Ciereszko, A., & Dabrowski, K. (1996). Effect of sucrose-DMSO 
extender supplemented with pentoxifylline or blood 



Genetics of Aquatic Organisms GA782 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

plasma on fertilizing ability of cryopreserved rainbow 
trout spermatozoa. The Progressive Fish Culturist, 58 (2), 
143-145.  
https://doi.org/10.1577/1548-
8640(1996)058<0143:EOASDE>2.3.CO;2.  

Cosson, J. (2008). Methods to analyze the movement of fish 
spermatozoa and their flagella. In: Fish spermatology, 
(Eds): Alavi, S.M.H.; Cosson, J.; Coward, K. & Rafiee, G. 
Alpha Scientific Ltd, Oxford, p:63-102. 

Dettlaff, T.A., Ginsburg, A.S., & Schmalhausen, O.I. (1993). 
Sturgeon fishes: developmental biology and 
aquaculture. Springer-Verlag, New York.  

Drokin, S.I., & Kopeika, E.F. (1999). Cryopreservation and 
phospholipids content of spermatozoa of some sturgeon 
species. Journal of Applied Ichthyology, 15 (4-5), 311-
312.  
https://doi.org/10.1111/j.1439-0426.1999.tb00312.x.  

Dzyuba, B., Kopeika, E.F., Cherepanov, V.V., & Drokin, I. (1999). 
Sturgeon sperm quality after 6 years of 
cryopreservation. Journal of Applied Ichthyology, 15(4-
5), 312.  
https://doi.org/10.1111/j.1439-0426.1999.tb00313.x.   

Eenennaam, V., Casenave, J.L., Muguet, J.B., & Doroshov, S.I. 
(2008). Induced spawning, artificial fertilization, and egg 
incubation techniques for green sturgeon. North 
American Journal of Aquaculture, 70, 434-445. 
https://doi.org/10.1577/A07-073.1.   

Glogowski, J., Kolman, R., Mirosław, S., Horváth, A., Urbányi, 
B., Sieczyński, P., Rzemieniecki, A., Domagała, J., 
Demianowicz, W., & Kowalski, R. (2002). Fertilization 
rate of Siberian sturgeon (Acipenser baeri, Brandt) milt 
cryopreserved with methanol. Aquaculture, 211, 367-
373. https://doi.org/10.1016/S0044-8486(02)00003-0.   

Golshahi, K., Aramli, M.S., Nazari, R.M., & Habibi, E. (2018). 
Disaccharide supplementation of extenders is an 
effective means of improving the cryopreservation of 
semen in sturgeon. Aquaculture, 486, 261-265. 
https://doi.org/10.1016/j.aquaculture. 2017.12.045.  

Gurruchaga, H., Saenz del Burgo, L., Hernandez, R.M., Orive, 
G., Selden, C., Fuller, B., Ciriza, J., & Pedraz J.L. (2018). 
Advances in the slow freezing cryopreservation of 
microencapsulated cells. Journal of Controlled Release, 
281, 119-138.  
https://doi.org/10.1016/ j.jconrel.2018.05.016.  

Horvath, A., Chevre, P., & Urbanyi, B. (2011). Sperm 
cryopreservation in sturgeon with a special focus on A. 
sturio. In: Biology and Conservation of the European 
Sturgeon Acipenser sturio L. 1758. Springer-Verlag Berlin 
Heidelberg, p. 465-475. https://doi.org/10.1007/978-3-
642-20611-5-35.   

Horvath, A., Urbanyi, B., & Mims, S.D. (2009). Cryopreservation 
of sperm from species of the order Acipenseriformes. In: 
Methods in Reproductive Aquaculture: marine and 
freshwater species, Cabrita, E., Robles, V. and Herraez, P. 
(Eds). CRC Press, 409-414, Florida, United States.  

Horvath, A., Urbanyi, B., Mims, S.D., Bean, W.B., & Gomelsky, 
B. (2006). Improved cryopreservation of sperm of 
paddlefish (Polyodon spathula). Journal of World 
Aquaculture Society, 37 (4), 356-326.  
https://doi.org/10.1111/j.1749-7345.2006.00048.x 

Horvath, A., & Urbanyi, B. (2000). Cryopreservation of sterlet 
(Acipenser ruthenus) sperm. Proceedings of the 6th 
International Symposium on Reproductive Physiology of 
Fish, 441, Bergen.    

Jahnichen, H., Wamecke, D., Trölsch, E., Kohlmann, K., Bergler, 

H., & Pluta, H. J. (1999). Motility and fertilizing capability 
of cryopreserved Acipenser ruthenus L. sperm. Journal of 
Applied Ichthyology, 15 (4-5), 204-206.  
https://doi.org/10.1111/j.1439-0426.1999.tb00235.x.   

Judycka, S., Dietrich, M.A., Szczepkowska, B., Szczepkowski, 
M., Liszewska, E., & Ciereszko, A. (2024). Evaluation of 
the effects of glucose concentration in extender and 
sperm concentration in straw for cryopreservation of 
Atlantic sturgeon (Acipenser oxyrinchus) semen. 
Aquaculture Reports, 35, 101995.  
https://doi.org/10.1016/j.aqrep.2024.101995. 

Judycka, S., Szczepkowski, M., Ciereszko, A., & Dietrich, G.J. 
(2015). New extender for cryopreservation of Siberian 
sturgeon (Acipenser baerii) semen. Cryobiology, 70 (2), 
184-189. 
https://doi.org/10.1016/j.cryobiol.2015.02.005.  

Kopeika, E., & Kopeika, J. (2008). Variability of sperm quality 
after cryopreservation in fish. In: Fish spermatology, 
(Eds): Alavi, S.M.H., Cosson, J., Coward, K., & Rafiee, G. 
Alpha Scientific Ltd. Oxford, p: 345-396.    

Kopieka, E.F., Williot, P., & Goncharov, B.F. (2000). 
Cryopreservation of Atlantic sturgeon Acipenser sturio 
L., 1758 sperm: First results and associated problems. 
Boletin-Instituto Espanol de Oceanografia, 16, 167-173. 

Lahnsteiner, F., Berger, B., Horvath, A. & Urbanyi, B. (2004). 
Studies on the semen biology and cryopreservation in 
the sterlet, Acipenser ruthenus L. Aquaculture Research, 
35 (6), 519-528.  

Linhart. O., Mims, S., Gomelsky, B., Cvetkova, L.I., Cosson, J., 
Rodina, M., Horvath, A. & Urbanyi, B. (2006). Effect of 
cryoprotectants and male on motility parameters and 
fertilization rate in paddlefish (Polyodon spathula) 
frozen-thawed spermatozoa. Journal of Applied 
Ichthyology, 22 (1), 389-394.  
https://doi.org/10.1111/j.1439-0426.2007.00992.x.  

Martínez-Páramo, S., Horváth, A., Labbé, C., Zhang, T., Robles, 
V., Herráez, P., Suquet, M., Adams, S., Viveiros, A., 
Tiersch, T.R., & Cabrita, E. (2017). Cryobanking of aquatic 
species. Aquaculture, 472, 156-177.  
https://doi.org/10.1016/j.aquaculture.2016.05.042.  

Martínez-Páramo, S., Martínez-Pastor, F., Martínez-Rodríguez, 
G., Herraez, P., & Cabrita, E. (2009). Antioxidant status in 
fresh and cryopreserved sperm from gilthead seabream 
(Sparus aurata). Proceedings of the Second International 
Workshop on Biology of Fish Gametes, Volume: 26, 76-
77.    

Mims, S.D., Tsvetkova, L.I., Brown, G.G. & Gomelsky, B.J. 
(2011). Cryopreservation of sperm of sturgeon and 
paddlefish. In: Cryopreservation in aquatic species. 
Edited by T. R. Tiersch, and P. M. Mazik. World 
Aquaculture Society, Baton Rouge, LA, USA, pp. 123-129.  

Mims, S.D., Tsvetkova, L.I., Brown, G.G., & Gomelsky, B.I. 
(2000). Cryopreservation of sperm of sturgeon and 
paddlefish. In: Cryopreservation in Aquatic species. 
Edited by T.R. Tiersch and P.M. Mazik. World 
Aquaculture Society, Baton Rouge, LA, USA. pp. 121–
129. 

Noveiri, S.B., Alipour, A. & Pourkazemi, M. (2006). Sperm 
morphometry, density and spermatocrit study in Persian 
sturgeon (Acipenser persicus). Journal of Applied 
Ichthyology, 22 (1), 380-383.  

Park, C., & Chapman, F.A. (2005). An extender solution for the 
short- term storage of sturgeon semen. North American 
Journal of Aquaculture, 67, 52-57.   

Pourkazemi, M. (2006). Caspian Sea sturgeon conservation 



Genetics of Aquatic Organisms GA782 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and fisheries: Past present and future. Journal of Applied 
Ichthyology, 22 (Suppl. 1), 12-16.  
https://doi.org/10.1111/j.1439-0426.2007.00923.x.  

Psenicka, M., Dietrich, G.J., Wojtczak, M., Nynca, J., Rodina, 
M., Linhart, O., Cosson, J., & Ciereszko A. (2008). 
Acrosome staining and motility characteristics of sterlet 
spermatozoa after cryopreservation with use of 
methanol and DMSO. Cryobiology, 56 (3), 251-253. 
https://doi.org/10.1016/j.cryobiol.2008.03.006.  

Pushkar, N.S., Belous, A.M., Kopeika, E.F., & Gordienko, E.A. 
(1979). Low- temperature preservation of sturgeon 
sperm. In: Abstracts of II All-Union Conference of 
Sturgeon Fisheries in Inland Reservoirs of the USSR, V.I. 
Lukyanenko (Ed.). Astrakhan, Russia, 220 p. (In Russian).  

Sarosiek, B., Ciereszko, A., Rzemieniecki, A., Domagata, J., & 
Glogoeski, J. (2004). The influence of semen 
cryopreservation on the release of some enzymes from 
Siberian sturgeon (Acipenser baerii) and street 
(Acipenser ruthenus) spermatozoa. Archives of Polish 
Fisheries, 12(1), 13-21.  

Shaluei, F., Sadeghi, A. & Zadmajid, V. (2017). 
Cryopreservation of Persian sturgeon (Acipenser 
persicus) sperm: effects of cryoprotectants, antioxidant, 
membrane stabilizer, equilibration time and dilution 
ratio on sperm motility and fertility. Aquaculture 
Research, 48, 1031-1040.  
https://doi.org/10.1111/are.12946.  

Shaliutina, A., Hulak, M., Gazo, I., 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. Animal Reproduction 

Science, 139, 127-135.  
https://doi.org/10.1016/j.anireprosci.2013.03.006.   

Stoss, J., & Holtz, W. (1983). Successful Storage of Chilled 
Rainbow Trout (Salmo gairdneri) Spermatozoa for up to 
34 Days. Aquaculture, 31, 269-274. 
https://doi.org/10.1016/0044-8486(83)90318-6.  

Suquet, M., Dreanno, C., Fauvel, C., Cosson, J., & Billard, R. 
(2000). Cryopreservation of sperm in marine fish. 
Aquaculture Research, 31, 231-243.  
https://doi.org/10.1046/j.1365-2109.2000.00445.x.  

Toth, G.P., Ciereszko, A., Christ, S.A., & Dabrowski, K. (1997). 
Objective analysis of sperm motility in the lake sturgeon, 
Acipenser fulvescens: activation and inhibition 
conditions. Aquaculture, 154, 337–348.  
https://doi.org/10.1016/S0044-8486(97)00066-5.  

Tsvetkova, L.I., Cosson, J., Linhart, O., & Billard, R. (1996). 
Motility and fertilizing capacity of fresh and frozen-
thawed spermatozoa in sturgeons, Acipenser baerii and 
Acipenser ruthenus. Journal of Applied Ichthyology, 12, 
107-112.  
https://doi.org/10.1111/j.1439-0426.1996.tb00071.x.  

Williot, P., Arlati, G., Chebanov, M., Gulyas, T., Kasimov, R., 
Kirschbaum, F., Patriche, N., Pavlovskaya, L.P., Poliakova, 
L., Pourkazemi, M., Kim, Y., Zhaung, P., & Zholdasova, 
I.M. (2002). Conservation and broodstock management, 
Status and management of Eurasian sturgeons: An 
overview. International Reviews in Hydrobiology, 87(5-
6), 483-506.  

Yamaner, G., Ekici, A., Tunçelli, G., & Memiş, D. (2015). A brief 
overview on cryopreservation method of sturgeon 
sperm. Aquatic Sciences and Engineering, 30(2), 14-20. 

 


