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Abstract

Experiments were carried out to investigate the effect of five extenders (sucrose, glucose, fructose, KCl and a saline carp sperm extender)
and two cryoprotectants (dimethyl-sulfoxide (DMSO) and methanol) on the cryopreservation of common carp sperm. Freezing of sperm using
glucose extender and methanol as cryoprotectant resulted in the highest post-thaw motility, fertilization as well as hatching rates (63 ± 9%,
74 ± 15% and 67 ± 17% vs. 87 ± 5%, 84 ± 14% and 69 ± 14% using fresh sperm, respectively). In general, sugar-based extenders combined
with methanol as cryoprotectant yielded higher motility, fertilization and hatching rates than ionic extenders in combination with DMSO. The
jelly-like agglutination observed after thawing in samples frozen with sugar-based extenders did not reduce fertilization and hatching rates.
Frozen–thawed sperm samples were able to successfully fertilize 10 g (8000) eggs.
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1. Introduction

Common carp is the most important cultured fish species
in Hungary, consisting 80–85% of the average annual yield
(Horváth and Urbányi, 2000b). However, cryopreservation
of its sperm is not used in the hatchery practice in spite of its
advantages. The currently existing methods either produce
unsatisfactory fertilization and hatching results (Moczarski,
1977; Kurokura et al., 1984; Cognie et al., 1989; Babiak et
al., 1997) or they describe the fertilization of minute volumes
of eggs: 200–800 eggs altogether (Lubzens et al., 1993;
Linhart et al., 2000). They allow the utilization of cryopreser-
vation in frozen gene banks, as it has been reported in Israel
(Lubzens et al., 1997) and the Czech Republic (Linhart et al.,
2000) but they are impractical for the hatchery practice as it
involves the fertilization of large volumes of eggs at the same
time.

Moreover, only dimethyl-sulfoxide (DMSO) has been ex-
tensively studied as a cryoprotectant for common carp sperm.
Therefore, one of our objectives was to investigate the effect
of several very simple basic extenders and two cryopro-
tectants on the motility and fertilizing ability of common
carp sperm.

2. Materials and methods

2.1. Handling of fishes and gamete collection

Common carp individuals were kept at the Dinnyés Fish
Hatchery of the Hungarian Fish Farmers’ Association in
Dinnyés, Hungary. Four repeats of the experiment were car-
ried out in June 2002. The brood stock (five males and five
females for each repeat, 20–20 individuals in total) was
collected from the ponds 48 h before the planned stripping
and transported into the hatchery for acclimatization. Males
varied between 2 and 4 kg in weight while females between
3 and 6 kg. Males were injected with 1 U kg–1 of body weight
of Ovopel mammalian GnRH analogue (Interfish Ltd., Hun-
gary) 24 h before the planned stripping (at water temperature
of 23 °C). This hormone product containing 10–15 µg of
mammalian GnRH analogue and 2.5–3 mg of water soluble
dopamine receptor antagonist metoclopramide was sus-
pended in 0.65% NaCl solution and injected into the abdomi-
nal cavity of the fishes. Females were injected with the same
dose (1 U kg–1 of body weight of this product but in two
dosages: the first—10% of the total dose—was administered
24 h before the planned stripping while the remaining 90%
was injected 12 h later. Before stripping fishes of both sexes,
they were anaesthetized in a 5 ppm solution of Quinaldine
(Reanal Ltd., Hungary). Anaesthetized fishes were removed
from the water, their genital apertures were wiped dry and
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approximately 15 ml of semen was collected from each fish
into dry glass tubes while eggs were stripped into dry plastic
bowls (0.5–1.5 kg of eggs). Eggs were stored at room tem-
perature until being fertilized 5–30 min following stripping.
Sperm was collected approximately 2.5–3 h before the strip-
ping of eggs and was stored at 4 °C until being used.

2.2. Sperm evaluation and cryopreservation

Sperm of males was diluted in a 200 mM KCl, 30 mM Tris
(pH 8.0, Saad and Billard, 1987) immobilizing solution in a
ratio of 1:99 (10 µl of sperm in 990 µl of immobilizing
solution). The samples were activated in 1:19 ratio on a
microscopic slide by an activating medium (AS; 45 mM
NaCl, 5 mM KCl, 30 mM Tris, pH 8.0, 1 µl of diluted sperm
in 19 µl of activating medium). Motility was observed and the
percentage of cells performing progressive forward move-
ment (motility percent) was estimated under light micro-
scope at 200× magnification within the first 15 min following
activation.

Following the estimation of motility, three samples show-
ing the highest motility were chosen from the five at each
repeat. Sperm samples were diluted at 1:9 ratio in the follow-
ing extenders: 300 mM sucrose, 30 mM Tris (pH 8.0);
350 mM glucose, 30 mM Tris (pH 8.0); 350 mM fructose,
30 mM Tris (pH 8.0), 200 mM KCl, 30 mM Tris (pH 8.0) and
a carp sperm extender composed of 360 mg NaCl, 1000 mg
KCl, 22 mg CaCl2, 8 mg MgCl2 and 20 mg NaHCO3 in
100 ml water (modified Kurokura’s Extender 2, Magyary et
al., 1996). Ten percent DMSO and 10% methanol were used
as cryoprotectants in v/v final concentration (all chemicals
were purchased from Reanal Ltd., Hungary). In case of
DMSO, equilibration time of 10 min was used while samples
with methanol as cryoprotectant were frozen immediately
after dilution. The samples were loaded into 0.5 ml straws
and frozen in the vapor of liquid nitrogen in a styrofoam box
(four straws per sample). Straws were placed horizontally
onto styrofoam frames floating on the surface of liquid nitro-
gen. The height of frames was 3 cm and the duration of
freezing was 3 min. Following freezing, sperm samples were
plunged into liquid nitrogen. Straws were kept in liquid
nitrogen for about 3 h, except for one case when they were
kept in a canister storage Dewar for 1 week. After storage, the
samples were thawed in a 40 °C water bath for 13 s.

2.3. Fertilization and incubation of eggs

In each repeat, eggs of three females of the five injected
ones were chosen upon visual observation (absence of white
eggs, low volume of ovarian fluid). Batches of 10 g of eggs
(approximately 8000 eggs) were fertilized with one straw of
frozen sperm (500 µl diluted sperm containing 50 µl pure
sperm) which corresponds to a sperm to egg ratio of 2.6 to
3.4 × 104. The control was fertilized with 50 µl of fresh
undiluted sperm. In the process of fertilization, first 2 ml of
hatchery water was added to the eggs and then thawed sperm
was added immediately. After mixing for approximately

1 min, the plastic bowl containing the eggs was filled with
150 ml of 0.4% NaCl and 0.3% urea solution to eliminate
adhesiveness of eggs. Eggs were kept in this solution for
about 1 h, then they were washed twice in 5% tannic acid for
20 s and incubated, in standard hatchery conditions in 7 l
Zuger-jars, with the final flow rate of 1–1.5 l/min. All treat-
ments were conducted at the temperature of 23 °C. Fertiliza-
tion was assessed first at 4–8–cell stage 1.5 h after fertiliza-
tion by counting approximately 150 eggs, then after
hatching. The number of repeats of fertilization results is
higher than the hatching rates because on the first week, eggs
were not incubated following fertilization and the sperm
frozen on the first week was reused for fertilization in the
second repeat.

2.4. Statistical analysis of the data

Statistical analysis of the data was carried out using
GraphPad Instat version 3.01 statistical software (GraphPad
Software, Inc., San Diego, California, USA). Motility, fertili-
zation and hatching results were subjected to one-way analy-
sis of variance (ANOVA) at the significance level of
P ≤ 0.05 followed by a Turkey Kramer Multiple Compari-
sons test. Normal distribution of the data was verified prior to
the analyses.

3. Results

The average motility of fresh common carp sperm was
87 ± 5% (n = 9). The highest post-thaw motility (63 ± 9%,
n = 9) was achieved using the glucose extender and methanol
as cryoprotectant (Fig. 1a), which did not differ from the
control. A jelly-like agglutination of sperm was observed
after thawing in samples frozen with sugar-based extenders
regardless of the cryoprotectant. When observed under the
microscope, individual spermatozoa were released from the
jelly-like substance. Agglutinated sperm did not mix with the
eggs homogeneously. The highest fertilization rate at 4–cell
stage (Fig. 1b) was achieved with sperm frozen with the
glucose and fructose extenders and methanol as cryopro-
tectant in both cases (74 ± 15% and 71 ± 12%, respectively,
n = 12). No statistically significant difference was detected
between these treatments and the control (84 ± 12%, n = 12).
However, all samples frozen with methanol as cryoprotectant
resulted in a high percentage of fertilized eggs and with the
exception of the KCl extender, they were all significantly
different from their equivalents frozen with DMSO
(P < 0.001 in case of all extenders). The highest hatching rate
(Fig. 1c) was also achieved with the use of glucose and
fructose extenders and methanol. There was no difference in
the hatching rates between the samples frozen with glucose
and fructose extenders and methanol as cryoprotectant and
the control group (67 ± 17%, 55 ± 18% and 69 ± 14%,
respectively, n = 9). The hatching rates of eggs fertilized with
sperm frozen with sucrose, fructose and glucose extenders
combination with methanol were different from their equiva-
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lents frozen in presence of DMSO (P < 0.001 for all listed
extenders).

4. Discussion

According to our results, the utilization of sugar-based
extenders—glucose and fructose—produced significantly
higher fertilization and hatching results than ionic extenders.
Simple sugar-based extenders have been tested on common

carp sperm (Babiak et al., 1997) with little success. Fructose
and glucose were reported as components of different ex-
tenders for the freezing of sperm of other cyprinid species
(Kumar, 1988; Zhang and Liu, 1991). Most publications
report the use of either Kurokura’s Original Extender 1 and 2
(Kurokura et al., 1984, Lubzens et al., 1993), its modifica-
tions (Magyary et al., 1996) or other ionic solutions
(Lahnsteiner et al., 2000). Sugar extenders were successfully
used for the cryopreservation of sperm of several other fish
species such as African catfish (Clarias gariepinus) (Steyn
and Van Vuren, 1987; Urbányi et al., 1999) and various
sturgeon species (Tsvetkova et al., 1996; Glogowski et al.,
2002). The success of sugars as extenders can be explained
by their role as external cryoprotectants and membrane sta-
bilizers (Maisse, 1996). In our case, the use of sugar-based
extenders resulted in a jelly-like agglutination of spermato-
zoa. Nevertheless, these samples were able to fertilize the
eggs and resulted in a higher fertilization and hatching rate
than the ones frozen with ionic extenders. This type of agglu-
tination is a known phenomenon (F. Lahnsteiner, University
of Salzburg, Austria, personal communication). Although
agglutinated sperm did not mix homogeneously with eggs, it
seems that a sufficient number of individual spermatozoa
were released from it to ensure fertilization. Based on these
results, sperm samples showing this type of agglutination
should not be discarded, they are safe to use for fertilization.

We found that methanol was a far more efficient cryopro-
tectant for common carp sperm than DMSO. To the best of
our knowledge, this is the first report on the utilization of
methanol as a successful cryoprotectant in this species.
Lubzens et al. (1993) used it in combination with Kurokura’s
Extender 1 without success. Methanol has been successfully
used for the cryopreservation of other cyprinid species such
as the zebrafish (Danio rerio) (Harvey et al., 1982) as well as
fish species of other taxa such as salmonids (Lahnsteiner et
al., 1997), catfishes (Steyn, 1993; Steyn and Van Vuren,
1987; Tiersch et al., 1994) or tilapias (Harvey, 1983). All
other studies on common carp reported the efficient use of
DMSO except for Babiak et al. (1997) who achieved his best
results with dimethyl-acetamide (DMA). Methanol is found
surprisingly nontoxic when used as a cryoprotectant and has
been found superior to DMSO or glycerol in a number of cell
types (Harvey et al., 1982) including sturgeon spermatozoa
(Horvath and Urbányi, 2000a). It is known for its extreme
rapidity to penetrate cells (Ashwood-Smith, 1980), however,
the particulars of its action as a cryoprotectant remain un-
clear.

5. Conclusion

Our results indicate that methanol as a cryoprotectant is a
reasonable alternative to DMSO for the cryopreservation of
common carp sperm. It also seems that simple sugar-based
extenders are just as reliable for cryopreservation as saline
ones. In case of sugar-based extenders, a jelly-like agglutina-
tion of the sperm and the cryodiluent was observed during

Fig. 1. Post-thaw motility (a) fertilization (b) and hatching (c) results achie-
ved with cryopreserved common carp sperm. Columns marked with the
same letter within the same chart are not significantly different at P ≤ 0.05
(motility: n = 9; fertilization: n = 12; hatching: n = 9).
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thawing; however this phenomenon did not affect the fertil-
izing capacity of the sperm. This agglutination was not as
strong in case of the glucose extender as in others. We were
able to successfully fertilize 10 g (8000) of eggs with one
0.5 ml straw of frozen–thawed carp sperm.
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