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Abstract
Vitrification is considered the most promising option to cryopreservation fish embryos. Since very high
concentrations of cryoprotectants are needed for vitrification and fish embryos have a large volume, embryos must
have low sensitivity to cryoprotectant toxicity and high permeability to water and cryoprotectants. So, in the present
study, two Persian sturgeons (Acipenser persicus) embryonic development stage (24 and 48 h post-fertilization) were
chosen and exposed to six permeable cryoprotectants: dimethyl sulfoxid (DMSO), ethylene glycol (EG), propylene
glycol (PG), acetamide (Ac), methanol (MeOH) and glycerol (Gly) in concentrations ranging from 1 to 6 M; and
three non-permeable cryoprotectants: sucrose and honey (10%, 15% and 20%) and polyvinyl pirolidon (PVP) (5%,
10% and 15%) for an equilibration period of 5 and 10 min. After treatment, embryos were washed and incubated
until hatched. The toxicity of cryoprotectants increased with concentration and exposure time. DMSO was the best
tolerated by the embryos. Embryos at 48 h post-fertilization stage exhibited greater tolerance to cryoprotectant than
embryos at 24 h post-fertilization stage. Six DMSO-based cryoprotectant vitrificant solutions were designed to check
their toxic effects on 48 h post-fertilization stage embryos using a stepwise incorporation protocol. DMSO-based
vitrificant solutions contained 5 M DMSO + 3 other permeable cryoprotectants + 3 non-permeable cryoprotectants
(sucrose, honey and PVP), which their concentrations increased gradually during a six-step protocol. The highest
hatching rates for embryos were obtained with exposure to V3 and V5 that both contained MeOH. Our results
suggest that Persian sturgeons can be subject to this cryoprotectant protocol without deleterious effect on hatching
rate.

Keywords:

Persian sturgeon;
Cryoprotectant; Vitrificant solution

Embryo;

Acipenser

persicus;

Introduction
The application of cryopreservation technique to store viable fish
embryos could have a profound influence on aquaculture and the
conservation of rare or threatened species [1]. Since the seventies, the
cryopreservation of mammalian embryos has been used successfully
[2]. However, application of this technique to fish embryos is still an
unsolved problem. Several studies of the effects of cryoprotectants
toxicity on embryos have been reported in carp [3], ﬂounder [4] and
gilthead sea bream [5]. In these studies, cryoprotectant toxicity changed
during embryo development and was species-septic.
The preliminary studies on chilling sensitivity, cryoprotectant
permeability, and toxicity demonstrated problems in ﬁsh embryo
cryopreservation. Cold sensitivity and ice formation within the egg
provided the main constraints affecting the survival of the embryos
[6]. Some recent results have demonstrated that the yolk syncytial
layer is a critical limiting barrier for cryoprotectant permeation
throughout the embryo [7, 8]. The occurrence of chilling injury and
inadequate cryoprotectant permeation suggest that vitriﬁcation could
be a promising approach to fish embryo cryopreservation [6]. Embryo
vitriﬁcation was first reported in 1985 by Rall and Fahy [9], who worked
with mouse embryos. For fish embryos the first report concerned
zebraﬁsh [6]. Oyster and hard clam were the first marine invertebrates
studied [10]. All the vitriﬁcation solutions designed incorporated
permeable and non-permeable cryoprotectants. The toxicity of the
extender components is very important in cryopreservation protocols,
particularly when high concentrations are required for vitriﬁcation
[11]. Therefore, it is very important to perform a preliminary study of
the toxicity of cryoprotectants before designing speciﬁc vitriﬁcation
solutions for particular species [12].
Persian sturgeon has a high commercial value, but no attempts
at embryo cryopreservation have been carried out, despite the fact

that this technology could improve some aspects of production and
restocking.
The aim of this study was to investigate permeable and nonpermeable cryoprotectant toxicity in Persian sturgeon embryos with
the goal of designing optimized low-toxicity vitriﬁcation solutions for
the cryopreservation of embryos from this rare species.

Materials and Methods
Chemical
Six permeable cryoprotectants, dimethyl sulfoxid (DMSO),
ethylene glycol (EG), propylene glycol (PG), acetamide (Ac), methanol
(MeOH), glycerol (Gly) and three non-permeable cryoprotectants,
sucrose (Suc), honey (H) and polyvinyl pyrrolidone (PVP) were used
in the following experiments. All the chemicals and the pronase used
for chorion permeabilization (type XIV Streptomyces griseus), were
purchased from Merck Company, Germany.

Gametes extraction and Incubation of fertilized eggs
Feral Persian sturgeons (Acipenser persicus) were captured from
the Iranian castline on the Caspian Sea and were transported to the
Shahid Marjani Sturgeon Propagation Center, Gorgan, Iran. Sperm
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extraction was done by abdominal massage of the male, collecting the
sperm from the genital pore with a syringe. Oocytes were extracted
by abdominal massage and collected in a plastic container, avoiding
contamination with blood, urine and water. For fertilization, sperm was
poured over the oocytes Embryos were incubated in water at 19.5°C ±
1. Two embryo development stages, 24 and 48 h post-fertilization were
selected at intervals to examine the effects of cryoprotectant toxicity on
embryo survival.

Assessment of permeable and non-permeable cryoprotectant
toxicity
The effect of exposure to six permeable cryoprotectants, DMSO, EG,
PG, Ac, MeOH and Gly, on the hatching rate of permeabilized Persian
sturgeon embryo at 24 and 48 h post-fertilization was investigated.
Cryoprotectants were prepared in modified Ringer solution (2.99 g/l
KCl, 6.49 g/l NaCl, 0.29 g/l CaCl2, and 0.202 g/l NaHCO3) [12]. Before
the cryoprotectant exposure, chorion permeabilization was performed
using 2 mg/ml pronase (19.5°C ± 1) for 5 min. Approximately 20 eggs
were exposed to 60 ml of each cryoprotectant at concentration of 1, 2,
3, 4, 5 and 6 M, 10%, 15% and 20% sucrose and honey and 5%, 10% and
15% PVP for an equilibration period of 5 and 10 min in Petri dishes at
room temperature 19.5°C ± 1. After treatment, embryos were washed
Treatment

1

2

3

4

5

6

with water and incubated until 1 day after hatching. Control groups
were incubated at same time. Each treatment group included three
replicates for 20 embryos. The cryoprotectant toxicity was expressed
as percentage of hatching rate, which was determined by counting
the number of 1-day hatched larvae relative to the total number of
incubated eggs.

Incorporation of vitrificant solutions
The vitrificant solutions were selected taking into account the
results of the experiments of cryoprotectants toxicity. Six vitrificant
solutions were designed to check their toxic effects on 48 h postfertilization stage embryos. Vitrificant solutions containing DMSO
as the main cryoprotectant was analyzed using 24 and 48 h postfertilization stage embryos. For incorporation of the vitrificant
solutions, approximately 20 pronase permeabilized embryos were
exposed using a six step protocol. The steps of the protocol were as
follows: first– 1 M DMSO (1.5 min); second– 3 M DMSO (1.5 min);
third– 5 M DMSO + 3 other permeable cryoprotectants in minimum
concentration (1 min); fourth– 5 M DMSO + 3 other permeable
cryoprotectants in medium concentration (1 min); fifth– 5 M DMSO +
3 other permeable cryoprotectants in maximum concentration + 15%
sucrose and honey + 5% PVP (1 min) and sixth– 5 M DMSO + 3 other

Step

Cryoprotectant

Expose time

1

1 M DMSO

1.5 min

Temperature
19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 2 M EG + 2 M PG + 1 M Ac

1 min

19.5°C ± 1

4

5 M DMSO + 4 M EG + 4 M PG + 2 M Ac

1 min

19.5°C ± 1

5

5 M DMSO + 5 M EG + 6 M PG + 3 M Ac + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO + 5 M EG + 6 M PG + 3 M Ac + 20% Suc + 20% H + 10% PVP

1 min

0°C

1

1 M DMSO

1.5 min

19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 2 M EG + 2 M PG + 1 M Gly

1 min

19.5°C ± 1

4

5 M DMSO + 4 M EG + 4 M PG + 3 M Gly

1 min

19.5°C ± 1

5

5 M DMSO + 5 M EG + 6 M PG + 5 M Gly + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO + 5 M EG + 6 M PG + 5 M Gly + 20% Suc + 20% H +10% PVP

1 min

0°C

1

1 M DMSO

1.5 min

19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 2 M EG +2 M PG + 2 M MeOH

1 min

19.5°C ± 1

4

5 M DMSO + 4 M EG +4 M PG + 4 M MeOH

1 min

19.5°C ± 1

5

5 M DMSO +5 M EG + 6 M PG + 6 M MeOH + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO +5 M EG + 6 M PG + 6 M MeOH + 20% Suc + 20% H +10% PVP

1 min

0°C

1

1 M DMSO

1.5 min

19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 2 M PG + 1 M Ac +1 M Gly

1 min

19.5°C ± 1

4

5 M DMSO + 4 M PG + 2 M Ac +3 M Gly

1 min

19.5°C ± 1

5

5 M DMSO + 6 M PG + 3 M Ac +5 M Gly + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO + 6 M PG + 3 M Ac +5 M Gly + 20% Suc + 20% H +10% PVP

1 min

0°C

1

1 M DMSO

1.5 min

19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 2 M PG + 1 M Ac + 2 M MeOH

1 min

19.5°C ± 1

4

5 M DMSO + 4 M PG + 2 M Ac + 4 M MeOH

1 min

19.5°C ± 1

5

5 M DMSO + 6 M PG + 3 M Ac + 6 M MeOH + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO + 6 M PG + 3 M Ac + 6 M MeOH + 20% Suc + 20% H +10% PVP

1 min

0°C

1

1 M DMSO

1.5 min

19.5°C ± 1

2

3 M DMSO

1.5 min

19.5°C ± 1

3

5 M DMSO + 1 M Ac +1 M Gly + 2 M MeOH

1 min

19.5°C ± 1

4

5 M DMSO + 2 M Ac +3 M Gly + 4 M MeOH

1 min

19.5°C ± 1

5

5 M DMSO + 3 M Ac +5 M Gly + 6 M MeOH + 15% Suc + 15% H + 5% PVP

1 min

0°C

6

5 M DMSO + 3 M Ac +5 M Gly + 6 M MeOH + 20% Suc + 20% H +10% PVP

1 min

0°C

Table 1: Stepwise protocol of DMSO-based vitrificant solution.
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higher than those obtained for other cryoprotectants at the same
concentration. Acetamide has promoted the highest reductions in the
hatching rate in the way it shows a toxic effect at concentrations higher
than 2 M (5 and 10 min exposure) in embryos at both developmental
stages. The highest hatching rate for 24 h post-fertilization stage were
obtained with the exposure to 3 M Gly (66.66% for 10 min exposure)
and for 48 h post-fertilization stage best values were obtained with 1 M
DMSO (70% for 5 min exposure) (Table 2).

permeable cryoprotectants in maximum (experimental) concentration
+20% sucrose and honey +15% PVP (1 min) (Table 1). The first four
steps were carried out at 19.5°C ± 1 whilst the last two were done at 0°C
to reduce toxic effects on embryos. After the exposure to the vitrificant
solutions, embryos were washed with water and incubated until 1–day
larva. Hatching rate was determined for the three replicates in each
vitrificant solutions.

Statistical analysis

Toxicity of non-permeable cryoprotectants

Results were expressed as means ± SD and analyzed by one
way ANOVA. Significant differences between the hatching rates
obtained for the permeable cryoprotectants, between non-permeable
cryoprotectants, embryonic development stage as well as between the
vitrificant solutions were detected by the Dancan’s multiple range tests,
significance being set at p<0.05. For all cryoprotectants, differences
between concentrations and between expose times were also analyzed.

The results obtained with 48 h post-fertilization stage embryos
demonstrated that this stage is less tolerant of exposure to nonpermeable cryoprotectants than 24 h post-fertilization stage embryos
(except PVP). Increased non-permeable cryoprotectants, influenced
the hatching rate negatively, reducing it significantly when compared
with controls (Figure 1 and Figure 2). The hatching rates decreased
with exposure time (from 5 to 10 min) and were similar to those of
permeable cryoprotectant (except PVP) (Figure 3).

Results
Toxicity of permeable cryoprotectants

Toxicity of vitrificant solutions

All the analyzed parameters (development stage, cryoprotectant
concentration and exposure time) influenced the hatching rate of
Persian sturgeon embryos significantly. Increased exposure to the
cryoprotectant (from 5 to 10 min) influenced the hatching rate
negatively. The hatching rate decreased with concentration (except
DMSO in 24 h post-fertilization stage), reducing it significantly when
compared with controls. 48 h post-fertilization stage embryos were less
sensitive to permeable cryoprotectant, resisting high concentration
of each cryoprotectant (Table 2). DMSO was the cryoprotectant best
tolerated by the embryos, since the hatching rate was significantly
CPTs exposure

There were significant differences between the values obtained
for the different treatments when compared with control. The highest
hatching rates for embryos were obtained with the exposure to V3
(70%) and V5 (66.66%) without any significant difference between
them (p> 0.05). V2 caused highest mortality because of its highly toxic
characteristic (Table 3).

Discussion
Several factors must be considered in order to formulate an
Cryoprotectan concentrations

control

1M

2M

3M

4M

5M

6M

A
DMSO
EG
PG
Ac
MeOH
Gly

5 min

73.33 ± 1.66a

40 ± 2.88c

21.66 ± 4.40d

46.66 ± 3.33bc

41.66 ± 4.40bc

51.66 ± 3.33b

50 ± 2.88bc

10 min

71.66 ± 1.66a

30 ± 2.88d

28.33 ± 1.66d

41.66 ± 3.33c

40 ± 2.88c

35 ± 2.88cd

55 ± 2.88b

5 min

70 ± 2.88a

36.66 ± 1.66b

35 ± 2.88b

31.66 ± 4.40b

31.66 ± 1.66b

21.66 ± 4.40c

10 min

75 ± 2.88

53.33 ± 4.40

31.66 ± 4.40

18.33 ± 4.40

5 min

70 ± 2.88a

15 ± 0e

10 min

73.33 ± 1.66a

43.33 ± 1.66bc

33.33 ± 4.40e

36.66 ± 4.40cd

60 ± 2.88

58.33 ± 4.40

38.33 ± 1.66

a

b

30 ± 0

26.66 ± 4.40

cd

41 ± 1.66d

cde

55 ± 2.88b

c

50 ± 0bc

de

20 ± 0c
15 ± 2.88e

36.66 ± 1.66d

43.33 ± 1.66c

45 ± 2.88bc

50 ± 2.88b

41.66 ± 1.66bcd

25 ± 2.88

8.33 ± 4.40

5 min

75 ± 2.88

10 min

73.33 ± 1.66a

26.66 ± 1.66c

35 ± 2.88b

26.66 ± 4.40c

13.33 ± 1.66d

0e

0e

5 min

71.66 ± 1.66a

15 ± 2.88e

41.66 ± 1.66cd

55 ± 2.88b

50 ± 2.88bc

36.66 ± 4.40d

48.33 ± 1.66bc

10 min

71.66 ± 4.40a

31.66 ± 4.40b

35 ± 2.88b

31.66 ± 4.40b

26.66 ± 4.40bc

16.66 ± 1.66c

28.33 ± 3.33bc

5 min

75 ± 2.88a

45 ± 2.88c

26.66 ± 4.40d

61.66 ± 1.66b

38.33 ± 1.66c

40 ± 2.88c

36.66 ± 3.33c

10 min

70 ± 5.77a

61.66 ± 1.66a

26.66 ± 4.40bc

66.66 ± 4.40a

31.66 ± 4.40b

16.66 ± 4.40c

0d

a

b

b

c

d

e

0e

B
DMSO
EG
PG
Ac
MeOH
Gly

5 min

75 ± 2.88a

70 ± 2.88ab

63.33 ± 1.66b

50 ± 2.88c

51.66 ± 1.66c

68.33 ± 2.88ab

20 ± 2.88d

10 min

75 ± 2.88a

50 ± 2.88bc

51.66 ± 4.40b

21.66 ± 1.66f

26.66 ± 2.88ef

40 ± 5cd

36.66 ± 4.40de

5 min

70 ± 2.88a

38.33 ± 4.40bc

35 ± 0c

11.66 ± 1.66d

46.66 ± 1.66b

18.33 ± 1.66d

10 min

73.33 ± 1.66

25 ± 2.88

36.66 ± 1.66

50 ± 2.88

40 ± 2.88

13.33 ± 1.66

5 min

71.66 ± 1.66a

60 ± 2.88b

58.33 ± 1.66b

40 ± 2.88d

10 min

73.33 ± 1.66a

60 ± 0b

58.33 ± 4.40b

25 ± 2.88

18.33 ± 1.66

a

d

c

b

c

e

28.33 ± 3.33c
0f

43 ± .1.66cd

58.33 ± 1.66b

50 ± 2.88c

58.33 ± 1.66b

55 ± 2.88b

51.66 ± 1.66b

40 ± 2.88c

3.33 ± 1.66

0

0

0d

5 min

71.66 ± 1.66

10 min

75 ± 2.88a

16.66 ± 1.66c

35 ± 2.88b

1.66 ± 2.88d

0d

0d

0d

5 min

73.33 ± 3.33a

18.33 ± 3.33bc

10 ± 2.88c

25 ± 2.88b

10 ± 0c

68.33 ± 4.40a

21.66 ± 1.66b

10 min

76.66 ± 1.66a

11.66 ± 4.40d

10 ± 2.88d

10 ± 2.88d

25 ± 5.77c

31.66 ± 4.40c

48.33 ± 1.66d

5 min

75 ± 2.88a

25 ± 2.88e

48.33 ± 1.66cd

65 ± 2.88ab

58.33 ± 4.40bc

45 ± 5.77d

46.66 ± 1.66d

10 min

73.33 ± 3.33a

53.33 ± 1.66bc

41.66 ± 4.40d

48.33 ± 4.40cd

61.66 ± 4.40b

51.66 ± 1.66bcd

51.66 ± 1.66bcd

a

b

c

d

d

d

Values with different letters are significantly different from the control (p<0.05) (means ± SD).
Table 2: Hatching rate of (A) 24 h post-fertilization stage and (B) 48 h post-fertilization stage exposed to different concentration of DMSO, EG, PG, Ac, MeOH and Gly.
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b
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b

c
c

30
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c

c
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20%

Hatching rate (% )

Hatching rate (% )

60

5 m in
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5m in

b
b

50
40

c

b

b

control

b

c

5%

30

b

20

b

5 m in

48 h

10%
15%

b b

90
a

a

a

70
60
b
bc

control

b

b

50

c

bc

b

c

c

b
c

d

10%
15%
20%

20
10
0
5m in

10 m in

5 m in

24 h

5m in

10 m in
48 h

P VP

Figure 1: Hatching rate of 24 and 48 h post-fertilization stage Persian sturgeon
embryos exposed to different concentration of sucrose (10%, 15% and 20%).
Values with different letters are significantly different from the control (p<0.05)
(means ± SD). Significant differences between the different volumes for each
treatment are represented by different letters.

a

10 m in
24 h

S uc rose

Hatching rate (% )

a

b

60

10 m in

24 h

30

a

0

0

40

a

10

10

80

a

70

70

10 m in
48 h

Hone y

Figure 2: Hatching rate of 24 and 48 h post-fertilization stage Persian sturgeon
embryos exposed to different concentration of honey (10%, 15% and 20%).
Values with different letters are significantly different from the control (p<0.05)
(means ± SD). Significant differences between the different volumes for each
treatment are represented by different letters.

appropriate protocol for cryopreservation of fish embryos. Toxicity of
cryoprotectants is one of those factors [5]. In this study, we investigated
the toxicity of several cryoprotectants in Persian sturgeon embryos.
DMSO was the least toxic permeable cryoprotectant, followed by PG,
MeOH, Glycerol and EG, whereas acetamide was the most toxic. In the
regard, DMSO has been most commonly used in fishes due to the good
results obtained in sperm cryopreservation [13]. The hatching rate of
the embryos treated with DMSO was higher than those obtained from
other cryoprotectants at same concentration and exposure time. Suzuki
et al. [14] reported different results of cumulative mortality for medaka,
rainbow trout, pejerrey and carp embryos exposed to concentrations
of DMSO up to 5 M. Interestingly, Persian sturgeon embryos were
resistant to high concentration of DMSO (up to 6 M) and we have
obtained high rates of hatching with some concentration of this
cryoprotectant, but low or zero survival with other cryoprotectants.
Dimethyl sulfoxid has been also used for cryopreservation of medaka
[15], trout [16], turbot [12] and red seabream embryos [17] and was
considered a good cryoprotectant for these species.
In the present study, PG, MeOH and Gly were also well tolerated
by the Persian sturgeon embryos. The effect of these cryoprotectants
was species-dependent in fish; PG is a commonly used cryoprotectant
in cryopreservation of fish embryos. Tian and Chen [18] demonstrated
that propylene glycol was better tolerated in sea perch than other
cryoprotectants. This finding was also observed in flounder [4] and red
seabream embryos [17].
MeOH is one of the most permeable cryoprotectants, it would

Figure 3: Hatching rate of 24 and 48 h post-fertilization stage Persian sturgeon
embryos exposed to different concentration of polyvinyl pyrrolidone (PVP) (5%,
10% and 15%). Values with different letters are significantly different from the
control (p<0.05) (means ± SD). Significant differences between the different
volumes for each treatment are represented by different letters.

be present inside embryos at a higher concentration than other
cryoprotectants [7,19]. MeOH was relatively nontoxic to embryos of
zebrafish [20], penaeid shrimp [21], Indian major carp [1] and flounder
[4]. However, MeOH was more toxic than other cryoprotectants on the
embryos of black tiger shrimp [22] and red seabream [17].
In addition to PG and MeOH, Gly was also well tolerated by
the Persian sturgeon. The superior quality of glycerol as an embryo
cryoprotectant has been reported for embryos of black tiger shrimp
[22]. However, it was not tolerated by embryos of many aquatic
species such as zebrafish [20], penaeid shrimp [23], flounder [4] and
red seabream [17]. Ethylene glycol was less well tolerated by 24 and
48 h post-fertilization stage embryos than PG, methanol and glycerol.
Whereas EG was better tolerated in gilthead seabream embryos [5], but
not tolerated in embryos of turbot [12], sea perch [18], or flounder [4].
Ethylene glycol has few known detrimental effects on the development
potential, membrane integrity, or cytoskeletal structure of oocytes [24].
But, some studies of fish enzymatic activity have demonstrated that EG
is toxic and affecting G-6-PDH and LH activities [25]. It is therefore
possible that in this study EG interfered with embryo metabolism, and
thereby produced a decrease in the hatching rate. In the present study,
acetamide was the worst tolerated by the embryos, as shown by the
significantly reduced hatching rate at concentrations of higher than 2
M, and no survival was obtained when the concentration of acetamide
was 6 M. Nevertheless, acetamide was considered as appropriate
cryoprotectant for cryopreservation of black tiger shrimp embryos due
to low toxicity [22].
The effect of each cryoprotectant does not depend only on the
chemical properties but is also dependent on the exposure time. In
Persian sturgeon embryos, with more prolonged exposure (from 5
to 10 min), the concentration that embryos could tolerate decreased
(P<0.05) (DMSO in 24 h post-fertilization stage). These findings are
consistent with previous reports in turbot [12], gilthead seabream [5]
and red seabream embryos [17]. Inverse to other cryoprotectants we
used in the present experiment, as the DMSO concentration (in 24 h
post-fertilization stage) was increased the hatching rate was increased
too. Similar to present observation was not found in other research.
Although the mechanism of protection by large polymers is unclear,
the addition of non-permeable cryoprotectants has been adopted in
embryo freezing. Non-permeable cryoprotectants are good inhibiters
of ice crystal formation [11,26-28] and are essential for reducing the
toxicity of high concentrations of permeable cryoprotectants [11,12].
In the present work, we have tested the toxicity of three non-permeable
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Vitrificant solutions
Hatching rate (%)

Control

V1

V2

V3

V4

V5

V6

66.66 ± 4.40a

25 ± 2.88c

0d

70 ± 2.88a

55 ± 2.88b

66.66 ± 1.66a

20 ± 2.88c

Values with different letters are significantly different from the control (p<0.05) (means ± SD).
Table 3: Hatching rate of 48 h post-fertilization stage embryos exposed to different vitrificant solutions.

cryoprotectants: sucrose, honey and PVP. It has been suggested that,
sugars are capable for preserving the structural and functional integrity
of membranes at low water activity [24,29]. Until now there has been
no information on the toxicity of honey in fish embryos. In this study,
honey was used as a non-permeable cryoprotectant for first time.
Hatching rate of Persian sturgeon embryos treated with sucrose,
honey and PVP decreased significantly with the increase of exposure
time. Our results showed that PVP is well tolerated by embryos than
sucrose and honey. Previous studies demonstrated that non-permeable
cryoprotectants were less toxic than permeable one at the concentration
used for gilthead seabream [5] and red seabream embryos [17]. But, it
was disagreement with the results of present study. It is possible that in
these studies, duration of exposure to non-permeable cryoprotectants
was shorter than permeable cryoprotectants. However, in this study
exposure time to the both permeable non-permeable cryoprotectants
was similar.
Tolerance of fish embryos to cryoprotectant has been reported to
depend on developmental stage [14,30], more mature embryos generally
being more resistant than embryos at earlier development stage [31]. In
this study, embryos at 48 h post-fertilization stage had more tolerance
to cryoprotectant than embryos at 24 h post-fertilization stage. So, 48 h
post-fertilization stage embryos were chosen for assessment of vitrificant
solutions. To overcome cryoprotectant toxicity, several techniques
have been adopted. A common approach is to use a mixture of these
compounds in vitrification solutions. Since the concentration of each
cryoprotectant in the solution is low, it is specific toxicity is reduced
[32]. It has been also observed that the protective effect of combination
of each cryoprotectants can be greater than would be expected if the
action of each agent were simply additive [33]. The stepwise exposure
of cryoprotectants is another means of reducing vitrification solution
toxicity. Dimethyl sulfoxide was the most effective cryoprotectant as
judged by the tolerance of embryos to high concentrations so, was
chosen as based vitrificant solutions. Other permeable cryoprotectants
were added based on their low toxicity at high concentrations. Sucrose,
honey and PVP were incorporated at the highest concentrations
necessary to vitrify the solution, in order to reduce the toxicity of high
concentrations of permeable ceyoprotectants.
Chen and Tian [34] reported that five-step equilibration of
flounder embryos using vitrificant solutions resulted in higher survival
rates than equilibration in 4, 3, 2 or 1 step. Therefore, using a stepwise
incorporation protocol designed to avoid direct exposure to high
concentrations of cryoprotectants and reduce osmotic stress. Among
all the vitrificant solutions, V3 and V5 showed the highest hatching
rate, both of which contained MeOH. Fahy et al. [35] demonstrated that
cryoprotectant could neutralize the toxicity of other cryoprotectants;
hence the hatching rate increased. For flounder embryos, there was a
significant reduction in toxicity of DMSO, PG, EG and Gly with the
addition of methanol [4] which confirms our results.

Conclusions
Based on the response to cryoprotectant exposure, 48h postfertilization stage embryos of Persian sturgeon were more resistant to
cryoprotectants. In conclusion, the proposed vitrificant solutions can

be used for the vitrification of Persian sturgeon embryos, due to their
low toxic action in this species. These finding will be advantageous to
development of a cryogenic protocol for Persian sturgeon embryos.
Acknowledgments

We thank Abbas Ali Hajibeglou and all the staff from Shahid Marjani Sturgeon
Propagation Center (Gorgan, Iran) for their valuable practical assistance.

References
1. Ahmmad MM, Bhattacharyya D, Jana BB (1998) Effect of different concentration
of cryoprotectant and extender on the hatching of Indian Major Carp embryos
(Labeo rohita, Catla catla and Cirrhinus mrigala) stored at low temperature.
Cryobiology 37: 318-324.
2. Rall WF, Wood MJ, Kirby C, Whittingham DG (1987) Development of mouse
embryos cryopreserved by vitriﬁ-cation. J Reprod Fertil 80: 499-504.
3. Dinnyes A, Urbanyi B, Baranyai B, Magyary I (1998) Chiling sensivity of carp
(Cyprinus carpio) embryos at different developmental stages in the presence of
cryoprotectants: work in progress. Theriogenology 50: 1-13.
4. Zhang YZ, Zhang SC, Liu XY, Xu YJ, Hu JH, et al. (2005) Toxicity and protective
efficency of cryoprotectants to flounder (Paralichthys olivaceus) embryos.
Theriogenology 63: 765-773.
5. Cabrita E, Robles V, Wallace JC, Sarasquete MC, Herra´ez MP (2006)
Preliminary studies on the cryopreservation of gilthead seabream (Sparus
aurata) embryos. Aquaculture 251: 245-255.
6. Zhang T, Rowson DM (1996) Feasibility studies on vitrification of intact zebrafish
(Brachydanio rerio) embryoc. Cryobiology 33: 1-13.
7. Hagedorn M, Kleinhans FW, Freitas R, Liu J, Hsu EW, et al. (1997) Water
distribution and permeability of zebraﬁsh embryos, Brachydanio rerio. J Exp
Zool 278: 356-371.
8. Hagedorn M, Kleinhans FW, Wilt DE, Rall WF (1997) Chill sensitivity and
cryoprotectant permeability of dechorionated zebraﬁsh embryos, Brachydanio
rerio. Cryobiology 34: 251-263.
9. Rall WH, Fahy GM (1985) Ice-free cryopreservation of mouse embryos at
196°C by vitriﬁcation. Nature 313: 573-575.
10. Chao NH, Lin TT, Chen Y J, Hsu HW, Liao IC (1997) Cryopreservation of late
embryos and early larvae in the oyster and hard clam. Aquaculture 155: 31-44.
11. Kuleshova LL, MacFarlance DR, Trounson AO, Shaw JM (1999) Sugars exert a
major influence on the vitrification properties of ethylene glycol-based solutions
and have low toxicity to embryos and oocytes. Cryobiology 38: 119-130.
12. Cabrit E, Robles V, Chereguini O, Wallace JC, Herra´ez MP (2003) Effect of
different cryoprotectants and vitrificant solutions on the hatching rate of turbot
embryos (Scophthalmus maximus). Cryobiology 47: 204-213.
13. Rana K (1995) Preservation of gametes. In: Bromage NR, Roberts RJR (Eds)
Broodstock Management and Egg and Larval Quality, Iowa State Press,
Blackwell, London, pp. 53-75.
14. Suzuki T, Komada H, Takai R, Arii K, Kozima TT (1995) Relation between
toxicity of cryoprotectant Me2SO and its concentration in several fish embryos.
Fisheries Science 61: 193-197.
15. Arii N, Namai K, Gomi F (1987) Cryopreservation of medaka embryos during
development. Zoolog Sci 4: 813- 818.
16. Arii K, Suzuki T, Takai R, Kozima TT (1992) Tolerance of ﬁsh eggs to dimethyl
sulfoxide as the cryoprotectant. J Tokyo University Fish 79: 121-126.
17. Xiao ZZ, Zhang LL, Xu XZ, Liu QH, Liu QH, et al. (2008) Effect of cryoprotectants
on hatching rate of red seabream (Pagrus major) embryos. Theriogenology 70:
1086-1092.
18. Tian YS, Chen SL, Yan AS, Ji XS, Yu GC (2003) Cryopreservation of the sea
perch (Lateolabrax japonicus) embryos by vitriﬁcation. Acta Zool Sin 49: 843850.
19. Hagedorn M, Hsu EW, Pilatus U, Wildt DE, Rall WF, et al. (1996) Magnetic
resonance microscopy and spectroscopy revealkinetics of cryoprotectant.

Volume 2 • Issue 3 • 2013

Citation: Keivanloo S, Sudagar M (2013) Preliminary Studies on the Cryopreservation of Persian Sturgeon (Acipenser persicus) Embryos. 2: 674.
doi:10.4172/scientificreports.674

Page 6 of 6
Permeation in a multicompartmental biological system. Appl Biol Sci 93: 74547459.

the penetrating cryoprotectant by polymers for embryo cryopreservation.
Cryobiology 43: 21-31.

20. Zhang TT, Rawson DM, Morris GJ (1993) Cryopreservation of pre-hatch
embryos of zebraﬁsh (Brachydanio rerio). Aquat Living Resour 6: 145-153.

28. Nowshari MA, Brem G (2000) The protective action of polyvinyl alcohol during
rapid-freezing of mouse embryos. Theriogenology 53: 1157-1166.

21. Cwo JC, Lin CH (1998) Preliminary experiments on the cryopreservation
of penaeid shrimp (Penaeus japonicus) embryos, nauplii and zoea.
Theriogenology 49: 1289-1299.

29. Crowe JH, Carpenter JF, Crowe LM, Anchordoguy TJ (1990) Are freezing and
dehydration similar stress vectors? A comparison of modes of interaction of
stabilizing solutes with biomolecules. Cryobiology 27: 219-231.

22. Vuthiphandchai V, Pengpun B, Nimrat S (2005) Effect of cryoprotectant toxicity
and temperature sensitivity on the embryos of black tiger shrimp (Penaeus
monodon). Aquaculture 246: 275-284.
23. Alfaro J, Komen J, Huisman EA (2001) Cooling, cryoprotectant and hypersaline
sensitivity of penaeid shrimp embryos and nauplius larvae. Aquaculture 195:
353-366.
24. Hotamisligil S, Toner M, Powers RD (1996) Changes in membrane integrity,
cytoskeletal structure, and develop-mental potential of murine oocytes after
vitriﬁcation in ethylene glycol. Biol Reprod 5: 161-168.
25. Adam MM, Rana KJ, McAndrew BJ (1995) Effect of cryoprotectants on activity
of selected enzymes in fish embryos. Cryobiology 32: 92-104.
26. Leibo SP, Oda K (1993) High survival of mouse zygotes and embryos cooled
rapidly or slowly in ethylene glycol plus polyvinylpyrrolidone.Cryo-Letters 14:
133-144.
27. Kuleshova LL, Shaw JM, Trounson AO (2001) Studies on replacing most of

30. Urbanyi B, Baranyai B, Magyary I, Dinnyes A (1997) Toxicity of methanol,
DMSO and glycerol on carp (Cyprinus carpio) embryos in different development
stages. Theriogenology 47: 408.
31. Robertson SN, Lawrence AL, Neil WH, Arnold CR, McCarty G (1988) Toxicity of
the Cryoprotectants Glycerol, Dimethyl Sulfoxide, Ethylene Glycol, Methanol,
Sucrose, and Sea Salt Solution to the Embryos of Red Drum. The Progressive
Fish Culturist 50: 148-154.
32. Mazur P (1990) Equilibrium, quasi-equilibrium and non-equi-librium freezing of
mammalian embryos. Cell Biophys 17: 53-92.
33. Chian RC, Kuwayama M, Tan L, Tan J, Kato O, et al. (2004) High survival
rate of bovine oocytes matured in vitro following vitrification. J Reprod Dev 50:
685-696.
34. Chen S L, Tian YS (2005) Cryopreservation of flounder (Paralichthys olivaceus)
embryos by vitrfication. Theriogenology 63: 1207-1219.
35. Fahy GM, Levy DI, Ali SE (1987) Some emerging principles underlying the
physical properties, biological actions, and utility of vitrification solutions.
Cryobiology 24: 196-213.

Volume 2 • Issue 3 • 2013

