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Objective: To assess the toxicity of various cryoprotective agents(CPAs) to goldfish embryos.
Methods: Heart—beat embryos were immersed in: five permeable CPAs, dimethyl sulfoxide
(DMSO0), methanol (MeOH), 1,2— propylene glycol (PG), glycerol (Gly), ethylene glycol (EG), and
two non—permeable CPAs: polyvinylpyrrolidone (PVP) and sucrose in concentrations of 5%, 10%,
15% or 20% for 5, 15, or 30 min. The viability of the embryos after the treatments was estimated

from hatching rates. Results: The results showed that the toxicity to goldfish embryos of the
five permeable CPAs were in the following sequence: PG < DMSO < MeOH < EG ~ Gly (greater

Iéi;:;;i:ervation symbols mean P < 0.05, and approximate symbols mean P > 0.05). In this experiment none of the
Embryo concentrations tested for sucrose reduced the hatching rate, but embryos exposed to PVP did not
Cryoprotectant tolerate concentration 20%, at 30 min exposure. Conclusion: These finding will be advantageous
Toxicity for designing optimized Cryo—media for cryopreservation of goldfish embryos

Goldfish

1. Introduction

Successful cryostorage of fish embryos for an indefinite

time could be very helpful in management of reproduction
in commercial aquaculture, species conservation,
developmental and cell biology and genetic management
of brood stock. Although cryopreservation techniques have
been largely established for the mammalian embryos,
successfuﬁ cryopreservation of intact fish embryos has not
yet been achieved. Limiting factors affecting fish embryos
cw0£resewati0n include their complex structure, sensitivity
to chilling, big size and toxic effect of the cryoprotective
agents|[1.2].

Cryoprotective agents (CPAs), or cryoprotectants, are
chemicals which are used to protect cells and cellular
organelles during cryopreservation and long term storage in
liquid nitrogen. There are two major categories of CPAs: (a)
permeable CPAs, e.g. methanol (MeOH), dimethy sulfoxide

*Corresponding author: Fardin Shaluei, Department of Fisheries, Faculty of Fisheries
and Environmental Sciences, Gorgan University of Agricultural Sciences and Natural
Resources, P.0. Box 45165-386 Gorgan, Iran.

Tel: +98—913-1836910
Fax: +98—171-245965
E-mail: fardin.shaluei@gmail.com

(DMSO0), glycerol (Gly) propylene glycol (PG) and ethylene
glycol (EG) which are low—molecu]gar weight chemicals and
can penetrate the cell membrane; and (b) non— permeable
CPAs, e.g. polyvinyl pyrrolidone (PVP), hydroxyethyl starch
and various sugars, wﬂich are high—molecular weight agents
and cannot enter cells [31. Despite the protective potential
of CPAs, the toxicity of CPAs is an obstacle to successful
cryopreservation. Fish embryos tolerance to CPAs is limited
and overexposure to CPAs may cause damage. The presence
of a specigc amount of cryoprotectant is critical to the
cryopreservation process [41. To date, several studies have
been carried out on the efficacy and toxicity effects of CPAs
on fish embryos to demonstrate that toxicity level depends
on CPAs chemical properties, concentration and exposure
period, embryo developmental stage, storage temperature,
and fish species [4-10].

Garassius auratus (C. auratus) are a fresh water model fish
easy to breed in aquaria, which can survive under a wide
range of stressful conditions, from full anoxia to hyperoxia
and temperature alterations from 0 to above 40 °CI11l. This
species has relatively small and transparent embryos. Thus,
Goldfish could be a good model for cryobiological studies of
fish embryos. Goldfish also serve as useful model organisms
in numerous fields such as neuroendocrine signaling,
regulation of reproduction in vertebrates, cell biology,
immunology, toxicology, endocrine disruption, molecular
evolution and comparative genomics [12l. Therefore, the
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aim of the present work was to study the effect of different
concentrations of CPAs and exposure times on the hatching
rate of goldfish embryos for designing optimized low—
toxicity cryo—media and appropriate duration of exposure for
goldfish embryos cryopreservation.

2. Materials and methods

2.1. Embryos

Experiments were carried out at the aquaculture research
center of Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran. Adult male and female C.
auratus, averaging 2 years of age, were reared in fiberglass
tanks (cylindrica%, I m in diameter and 0.5 m in depth)
with aerated and dechlorinated tap water (pH 7.89 + 0.98;
dissolved oxygen (7.8 + 0.5) mg/L; and total Eardness (295 +
10) mg/L, as CaCO;) at (20x1) °C on a 141/10D photoperiod.
Fish were fed twice a day at a ratio of 3% body weight with
commercial ﬁoldfish pellets (Energy, Thailand). Just before
experiment, brood stocks were injected intramuscularly with
Ovaprim (Syndel laboratories, India) at 0.51L/g (estimated
brood fish weight) to induce ovulation and spermiation.
Twelve hours post—injection, females had ovulated and
eggs could be collected by stripping. Eggs obtained from
nine ovulation—induce f>(;males were pooled by mixin
3 individual samples in equal ratios and were fertilize
with pooled sperm using the dry method. Thirty sec after
fertilization, eggs were washed with a tannic acid solution
(200 mg/L) and stirred continuously for 30 sec to remove
adhesiveness. Eggs were subsequently incubated in 3
aquaria (100 L) with aerated and dechlorinated tap water.
Embryonic developments were determined morphologically
using a light microscope (Olympus CH,, Japan) following
Kajishima [13].

2.2. Preparations of CPAs solutions

All of the CPA solutions used in the following experiment
were made with Hank’s solution 8 /L. NaCl, 0.4 ¢/L. KCl, 0.14
/L. CaCl,, 0.1 g/L. MgS0O, _7H,0, 0.1 ¢/L. MgCl, _6H,0, 0.06 %L
Na,HPO, _12H,0, 1 g/L. glucose, and 0.35 g/I. NaHCO,) as the
solvent 8. Five permeable CPAs (DMSO, MeOH, PG, Gly and
EG) and two non—permeable CPAs (PVP and sucrose) were
used in this study. All chemicals with highest purity (99.0%)
were obtained from Dae Jung (Korea), except the MeOH
which was purchased from Merck (Darmstadt, Germany). Just
before experiment, CPAs were diluted in Hank’s solution
at concentrations of 5%, 10%, 15%, and 20%. For all CPAs
the percentage concentrations are expressed as volume per
volume, except the sucrose as weight per volume.

2.3. Toxicity of CPAs to embryos

To evaluate the toxicity of the CPAs, heartbeat—stage of
goldfish embryos (approximately 33 h after fertilization) were
exposed to each CPAs at aforementioned concentrations
for 5, 15 or 30 min at room temperature (20 °C). Each
treatment consisted of nine replicates with approximately
100 embryos each. Control groups were exposed to Hank’s
solution without CPAs for 5, 15 or 30 min. After the required
exposure, embryos were carefully washed with dechlorinated
tap water and incubated until hatching. The CPAs toxicity
was expressed as percentage of hatching rate, which was
calculated as the percentage of hatched larvae in relation to
the total number in each group.

2.4. Statistical analysis

All results are expressed as means + SD. Statistical
analyses were carried out using the computerized package
SPSS 16 for Windows. Prior to statistical analysis, data was
tested for normality and transformations were applied to
normalize data where necessary. To examine the effect of
CPAs on the hatching rate of goldfish embryos, data were
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analyzed by Tukey’s t—test and were considered to be
significant at P < 0.05. Moreover data obtained from the
CPAs toxicity after 15 and 30min were evaluated using the
Probit analysis statistical method and lethal concentrations
(LC 1-50) were calculated.

3. Results

The hatching rate of embryos exposed to all permeable
CPAs for 5 min were not different (P > 0.05) from those of
the control (Figure 1A). The hatching rate of embryos treated
with the five permeable CPAs for 15 min varieéymarkedly
with the type and concentration of CPA (Figure 1B). There was
no significant decrease in the hatching rate of embryos exposed
to 5%—15% DMSO, 5% or 10 % MeOH, 5%—15% PG, 5% Gly or
EG from those of the control. However, the hatching rate of
embryos exposed to 20% DMSO or PG, 15% or 20% MeOH and
10%—20% Gly or EG decreased (P < 0.05) compared to the
control. After exposure to 5% or 10% DMSO or MeOH, 5%—
15% PG and 5% Gly or EG for 30 min, the hatching rates of
goldfish embryos showed no signficant difference (Fi§ure 1C)
compared to the control (P > 0.05). Embryos exposed to 15%
or higher DMSO or MeOH, 10% or higher Gly or EG and 20%
PG, f%r 30 min, were all damaged and showed significantly

lower survival percentages compared to the control (P <
0.05). No embgfos survived to hatching after exposure to 15%
20% EG for 30 min.
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Figure 1. Hatching rates of goldfih embryos at heartbeat—stage that
were exposed to different concentrations of dimethy sulfoxide (DMS0),
methanol (MeOH), propylene glycol (PG), glycerol (Gly) and ethylene
glycol (EG) for 5 (A), 15 (B) or 30 (C) min.
Data shown as mean and SD of nine replicates with approximately
100 embryos each. Concentrations with asterisks have significantly
diéfserent hatching rates from those of the controls (Turkey’s t—test, P <
.05).
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The effects of varying concentrations of non—permeable
CPAs after 5, 15 and 30 min on hatching rate of embryos are
shown (Table 1). No significant reduction in hatching rate
compared to the control was observed between the analyzed
concentrations of sucrose. The hatching rate of embryos
treated with PVP varied markedly with the concentration and
exposure time (Table 1). No embryos survived to hatching
after exposure to 20% PVP for 30 min.

Median lethal concentrations (I.Csy) of CPAs for goldfish
embryos after 15 and 30 min exposure are presented in
Table 2. Higher LCs, values are less toxic because greater

Table 1

concentrations are required to produce 50% mortality in
embryos. From these results it can be concluded the toxicity
to goldfish embryos of all five permeable CPAs are in the
following sequence: PG < DMSO < MeOH < EG ~ Gly (greater
symbols mean P < 0.05, and approximate symbols mean P >
0.05).

The least toxic non—permeable CPAs on the hatching
rate of goldfish embryos were sucrose and PVP exhibited
moderate toxicity.

Hatching rates of goldfish embryos (heartbeat—stage) exposed to non—permeable cryoprotectants.

Cryoprotectants Duration of Cryoprotectants concentration (%)
exposure (min) Control 5 10 15 20
Sucrose 5 91.77 + 2.63" 94.44 + 3.57° 93.00 + 5.17" 90.55 + 6.20" 93.11 +5.34
15 93.00 + 4.63" 93.55 + 5.83" 92.33 + 5.90" 80.88 + 5.15" 89.44 + 4.92°
30 88.22 + 5.60" 92.55 + 6.14" 92.77 + 4.99" 89.66 + 5.56" 85.88 + 7.40"
PVP 5 91.77 + 2.63" 91.88 + 5.94' 88.55 + 6.50" 85.00 = 4.30" 83.44 +7.01"
15 93.00 + 4.63" 90.11 + 6.43" 62.55 + 11.28" 39.44 + 13.78° 23.55 + 12.86"
30 88.22 + 5.60" 81.44 + 8.91" 21.77 + 19.20" 18.50 + 8.2° 0.0 £ 0.0

Data shown as mean and S.D of nine replicates with approximately 100 embryos each. Data in the same row with different superscript letters are

significantly different (Turkey’s i—test, P < 0.05).

Table 2
Median lethal concentrations (LCy) of cryoprotectants (%) at 15 and 30
min for goldfish embryos.

15 min 30 min
Cryoprotectants Concentration ~ 95% CI Concentration ~ 95% CI
%) %)
DMSO 3730 27.8-64.0 14.42" 12.7-16.1
MeOH 23.94° 20.0-31.7 11.18° 10.0-12.3
PG 88.08" 42.3-95.3 24.20" 19.3-35.9
Cly 1325"  11.7-152 7.90" 7.3-8.5
EG 12.39" 11.0-13.9 8.16" 7.6-8.6
pPVP 13.34" 11.9-15.4 8.08" 7.9-9.1

Data within a column with different superscript letters are significantly
different (P < 0.05, Scheffe’s test).

4. Discussion

One obstacle to fish embryo cryopreservation is their high
chilling sensitivity [21. Tt is well known that fish embryos
at early cell division stages are sensitive to chilling
and cryoprotectants, but this sensitivity decreases as
development proceeds. Liu et al. reported that heartbeat—
stage of goldfish embryos are less sensitive to chilling than
other developmental stages [14. Therefore embryo during this
stage selected for CPAs toxicity in this study.

CPAs, used to protect biological material from damaging
effect of low temperatures, can be toxic to cells themselves.
Therefore, understanding the toxicity of cryoprotective
agents would be important for reducing toxicity and
developing optimal cryopreservation protocols. The effect
of each CPA depends on their chemical properties, and
is species—specific [2I. Suzuki et al. reported tolerance to
DMSO became higher in the order of carp (Cyprinus carpio),

rainbow trout (Oncorhynchus mykiss), pejerrey (Odontesthes
bonariensis), and medaka (Oryzias latipes) embryos [151. Our
results show that the sequence of toxicity of CPAs to goldfish
embryos was: PG < DMSO < MeOH < EG ~ Gly, which is
similar to the results of Rahman et al. 9] for Japanese whiting
Sillago japonica) embryos (PG < DMSO < EG < MeOH <
Gly) and the results of Zhang et al. 161 for flounder embryos
(Paralichthys olivaceus), (PG < MeOH < DMSO < Gly <
EG). Xiao et al. 8] demonstrated that PG was the least toxic
permeable CPAs to red sea bream (Pagrus major) embryos
in the heartbeat—stage followed by DMSO and EG, whereas
Gly and MeOH were the most toxic. In zebrafish (Danio
rerio) embryos, DMSO had the lowest toxicity, followed by 1,2
propanediol and glycerol while ethylene glycol, methanol,
and N,N-dimethylacetamide were highly toxic [10]. Tian et
al. 116] found that sequence of toxicity of CPAs for sea perch
(Lateolabrax japonicas) embryos was (PG < MeOH < Gly <
EG < DMSO). Dinnye’s et al. [17] reported that the toxicity to
carp embryos in the heartbeat—stage increased in the order
of MeOH < Gly < DMSO. These data reflect the importance of
specific studies to determine optimal concentrations of CPAs
for each particular species. This study did not investigate the
mechanism of toxicity of CPAs, but denaturation of enzymes,
disruption of trans membrane ionic pumps, producing toxic
formaldehyde, disruption of the mitochondrial transport
system and dissolving DNA structure have been proposed as
the cause of injury to cells [18-20].

Non—permeable CPAs such as sucrose and PVP often are
used in combination with permeable cryoprotectants. Cryo—
media containing non—-permeable and permeable CPAs
seem to be more advantageous than solutions containing
only a permeable CPAs [211. The cryoprotective effect of non—
permeating CPAs is mainly based on dehydration of cells
prior to cooling and increase cryo—media viscosity, which
results in reduced ice crystal formation during freezing [22.
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Our results show that the toxicity of sucrose was very
low, which is similar to the results of Xiao et al. 18] for red
seabream embryos and the results of Lahnsteiner (2008)
for zebrafish embryos [101. Conversely, in the study of
turbot embryos (Scophthalmus maximus) at G stage, the
hatching rate of embryos treated with 20% sucrose deceased
significantly [22I. In the present study, PVP exhibited
moderate toxicity for gold fish embryos. Embryos exposed to
PVP did not tolerate concentration 20%, at 30 min exposure.
In summary, this study reveals the importance of CPAs
concentration and equilibration period for cryopreservation
of goldfish embryos. The present data apparently represented
the first reported on the toxicity of five permeable CPAs
(DMSO, MeOH, PG, Gly, EG) and two non—permeable CPAs
(PVP and sucrose) to goldfish embryos. Tt was determined
that sucrose and PG were the least toxic CPAs. These finding
will be advantageous for designing optimized Cryo—media
for cryopreservation of goldfish embryos.
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