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Effects of Cryoprotectants and Freezing Rates on Cryopreservationof

Sea Urchin, Anthocidaris crassispina Sperm
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In the present study, attempts were made to cryopreserve sea urchin, Anthocidaris crassispina sperm in liquid
nitrogen, to evaluate the effects of various cryoprotectants and freezing rates on motility, survival rate and fer-
tilization rate of the post-thawing sperm, and the ultrastructural changes of sperm after cryopreservation were
observed. The highest values of sperm motility (motility index: 3.3£0.37) and survival rate (72+3.5%) were
obtained with 15% dimethyl sulfoxide (DMSO), and these values were significantly higher than those of sperm
preserved with glycerol. Comparisons of motilities and survival rates between treatments of difference freezing
rates showed that there was no difference between procedures (a) 50°C/min to -80°C (motility index: 3.3+0.31; sur-
vival rate 70+2.7%) and (b) 30°C/min to -80°C (motility index: 3.1+0.29; survival rate 69+3.7%), while the results
of (¢) 10°C/min to -80°C were significantly lower than the others (motility index: 2.2+0.33; survival rate 42+4.6%).
There was no significant difference in fertilization rate between fresh sperm and sperm preserved with 15% DMSO
as cryoprotectant and freezing rate (30°C/min to -80°C). Some ultrastructural changes of sperm, such as the detach-
ment of plasma membrane, the destruction of mitochondria, and the flagellum rolling up head, were observed after
cryopreservation. Morphological normality of the sperm in 15% DMSO frozen at the ratio of 50°C/min to -80°C

was better than the others.
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Introduction

Cryopreservation is an effective method for long-term stor-
age of viab used in breeding many species of animals since
Polge et al. (1949) found that the addition of glycerol allowed
survival of human and fowl sperm after thawing. Cryopreser-
vation offers some benefits in aquaculture and experimental
studies, such as protecting stocks from being totally elimi-
nated due to sudden disease outbreak, natural disasters, or
accidents such as oil spills, making top-quality gamete and
larvae available year-round, providing greater ease in con-
ducting selective breeding for disease resistance, preserving
desirable characteristics and establishing gene banks (Bart,
2000; Chao and Liao, 2001). At present cryopreservation
technique of sperm has been well established in many fish
species, such as salmonids, tilapias, carps and catfishes
(Rana, 1995; Tiersch, 2000), but only in a limited number of
shellfish, e.g., several commercially important species, hard
clam, oyster, small abalone (Chao, 1996; Chao and Liao,
2001; Paniagua-Chavez and Tiersch, 2001). Sea urchin is an
important species in experimental biology and aquaculture
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industry, but an available procedure for cryopreservation of
sea urchin sperm is limited. Therefore, the present study opti-
mized methods in sea urchin (Anthocidaris crassispina) for
the cryoprotectants and freezing rates, in terms of the motil-
ity, survival rate and fertilization rate of post-thawed sperm,
and the ultrastructural changes of sperm after cryopreserva-

tion were observed.

Materials and Methods

Animals and sperm collection

Sea urchins were collected from a seafood market in Yeosu,
Korea, during the reproductive season. One ml of 0.5 M KCl
was injected into the coelom per sea urchin to induce the
release of sperm. Sperm was placed in 1.5 ml plastic centri-

fuge tube on ice.

Motility Estimation

The motility of sperm from each male was examined
immediately after collection. The sperm exhibiting rapid, vig-
orous and forward movement was counted under a micro-
scope after diluting the sperm in artificial seawater (ASW;
423.00 mM NaCl, 9.00 mM KCl, 9.27 mM CaCl,, 22.94 mM
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Table 1. Motility index’ in Relation to Percentage of Sperm with
Rapid, Vigorous and Forward Movement

Motility index
5 45 4353252151050
Forward sperm’ (%) 100 90 80 65 50 30 20 15 10 5 0

1: Numerical index according to percentage of motile sperm
2: Sperm exhibiting rapid, vigorous and forward movement

MgCl,, 2.114 mM NaHCOs, 10 mM HEPES-pH 7.8) in a
ratio of 1:1000 (Table 1). The samples with high motility
were kept on crushed ice until use in the following experi-
ments.

Cryopreservation of Sperm

DMSO or glycerol was added to ASW as cryoprotectants
to formulate the extenders at the concentrations between 5
and 20% of total volume. The sperm was diluted 1:5 with the
extenders. The diluted sperm was inserted into 0.5 ml plastic
straws and frozen at a freezing rate of 30°C/min to -80°C in a
programmable freezer (Kryosave integra, Rovers Polska, UK)
after equilibration for 10 min at room temperature, and sub-
sequently plunged into liquid nitrogen. The straws were
thawed in a 30°C water bath for 15 sec. On thawing, the
motility of frozen-thawed sperm was evaluated and subse-
quently the sperm was fixed by 5% glutaraldehyde in phos-
phate buffer (pH 7.2) for ultrastructural examination following
the method described bellow. Survival rate was also esti-
mated by an eosin-nigrosin staining technique (Bllom, 1950;
Fribourgh, 1966). The sperm was stained with a drop of 5%
eosin and two drops of 10% nigrosin. Survival rate (the percent-
age of unstained sperm) was determined under a microscope.

To evaluate the effect of different freezing rates, 15%
DMSO was used as a cryoprotectant according to results of
above experiments. Three freezing rates were tested: (a) 50°C/
min to -80°C (b) 30°C/min to -80°C (c) 10°C/min to -80°C.

Ultrastructural change

The fresh and frozen-thawed sperm fixed in 5% glutaral-
dehyde were washed with phosphate buffer, post-fixed for 2
hr in 1% osmium tetroxide. After dehydration through an
ascending ethanol series, the samples were embedded in
Spurr resin. Ultrathin sections were contrasted with alcoholic
aranyl acetate and lead citrate, and examined with a JEM
1200 EX-II transmission electron microscope.

Fertility of cryopreserved sperm

1 ml of 0.5 M KCl was injected into the coelom of sea

urchin to induce spawning. About 300 eggs in each plastic
dish were mixed with 50 ul fresh sperm or 100 ul post-
thawed sperm preserved with 15% DMSO as a cryopro-
tectant and freezing rate (a) followed by adding 10 ml of fil-
tered seawater to activate the sperm. After 1 hr the fertilized
eggs were incubated in 1 L glass beaker at room tempera-
ture. The fertilization rate was determined by the percentage
of blastula stage.

Data Analysis

Each trial of this study was carried out in triplicate. Differ-
ences in the means between treatments were tested by one
way analysis of variance (ANOVA) and Student’s r-test. All
statistical procedures were run using Sigma- Plot 8.0 (SPSS
Inc., 2002).

Results

Cryopreservation of Sperm

The motilities and survival rates of post- thawed sperm
preserved using two cryoprotectants at different concentra-
tions declined significantly after cryopreservation (Fig. 1).
The highest sperm motility (motility index: 3.3+0.37) and
survival rate (72+3.5%) were obtained with 15% DMSO
(P<0.05), and those of sperm preserved with glycerol were
significantly lower than the former (P<0.01).

Comparisons of motility and survival rate between treat-
ments of different freezing rate showed that there was no dif-
ference between procedures (a) (motility index: 3.3+0.31;
survival rate 70£2.7%) and (b) (motility index: 3.1+0.29; sur-
vival rate 69+3.7%), while the results of (¢) were signifi-
cantly worse (motility index: 2.240.33; survival rate 42+4.6%;
Fig. 2).

Ultrastructural change

The sperm of sea urchin belonged to primitive type, con-
sisting of a small acrosome, a nucleus, a midpiece and a fla-
gellum (Fig. 3A). Some ultrastructural changes of sperm,
such as the detachment of plasma membrane, destruction of
mitochondria, and flagellum rolling up the head, were observed
after cryopreservation (Fig. 3B). Morphological normality of
the sperm in 15% DMSO frozen at the ratio of 50°C/min to -
80°C was better than that of others (Fig. 3C).

Fertility of cryopreserved sperm
There was no significant difference in fertilization rate
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Fig. 1. Motility and survival rate (mean+SE) of sea urchin sperm
after cryopreservation using two cryoprotectants at different con-
centrations, The data are expressed as mean SE (n=3). Difference
letters on the bars are significantly difference (P<0.05).

between fresh sperm (64+4.2%) and sperm preserved with
15% DMSO as cryoprotectant (59+3.9%) and freezing pro-
cedure (a) (P>0.05).

Discussion

Because fish sperm are quiescent while in the seminal
plasma within the testes, preparation and use of extender
solutions that are similar in chemical concentration and
osmolality are essential in storage of sperm to avoid an
excessive consumption of energy by sperm movement and
optimizing storage time (Baynes et al., 1981). The immobi-
lizing solutions, such as 1% NaCl, 0.3 M glucose, diluted
seawater, and other solutions whose compositions were sim-
ilar with seminal plasma, were often used as a diluent in the
short-term preservation and cryopreservation of fish sperm
(Fabbrocini et al., 2000; Yao et al., 2000). However, sperm of
sea urchin can maintain motility for a long period in seawa-

Motility index
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Fig. 2. Motility and survival rate of sea urchin sperm after cryo-
preservation using three freezing rates A: 50°C/min to -80°C, B:
30°C/min to -80°C, C: 50°C/min to -80°C. The data are expressed as
mean+SE (n=3). Difference letters on the bars are significantly dif-
ference (P<0.05).

ter. This would seem to render unnecessary the precaution of
inhibiting motility in the phases prior to freezing in sperm
cryopreservation, as has been suggested in fish, which was
also proved by successful cryopreservation using ASW as
diluents in this study.

Generally, the cryopreservation of sperm results in consid-
erable damages to cellular structures such as plasma mem-
brane, nucleus, mitochondria, and flagellum, due to the
formation of ice crystals, stress caused by heat shock and
excessive dehydration during freezing (Lahnsteiner et al.,
1996b; Watson, 1995). This may lead to the decline of sperm
motility and survival rate (Lahnsteiner et al., 1996c), which
often used as the evaluation parameters of sperm cryopreser-
vation. In fact, many authors have linked the percentage of
motile sperm and the quality of the movement to the fertili-
zation ability (Lahnsteiner et al., 1996a, b, c). In the present
study, the motility and survival rate of post-thawed sperm
were all lower than those of fresh sperm, and best result was
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Fig. 3. The ultrastructural changes in sea urchin sperm after cryopreservation. A: Fresh sperm showing integrated plasma membrane, nucleus,
acrosome, flagellum, and abnormal mitochondria, B: Sperm preserved in 15% glycerol showing normal nucleus, detachment of plasma mem-
branes, distortion of mitochondria, and flagellum rolling up the head. C: Sperm preserved in 15% DMSO showing normal plasma membrane.

a: acrosome; m: mitochondria. n: nucleus. Bar, 0.5 um.

obtained by using 15% Me,SO as a cryoprotectant and freez-
ing at the rate of 30 or 50°C/min to -80°C.

Of basic importance for sperm viability is the integrity of
the cellular membrane. It is well known that the plasma
membrane is the primary site of cooling and warming injury
‘Morris, 1981) and the resistance of spermatozoa to cooling
s influenced by the biochemical composition of their mem-
sranes (Darin-Bennet and White, 1977). Cooling and warm-
ng induce phase transitions of the lipids in the sperm cell
nembranes, influencing the spatial redistribution of their
somponents (Darin-Bennet and White, 1977; De Leeuw et
i, 1990; Quinn, 1985). Consequent to these structural changes,
nembranes destabilize, modify their permeability, and impair
he membrane transporting enzymes (Holt and North, 1984)
hus, spermatozoa are more liable to suffer damages during
reezing and thawing (De Leeuw et al., 1993). In addition to
nembrane destabilization, physical damage to the plasma
:nd nuclear membranes can result from the formation of ice
¢rystals within the cell. Cellular osmoregulation also could
be compromised, resulting in swelling of the head and tail,
¢nd secondary injuries to other intracellular organelles can
cetermine displacement and loss of functionality of mitochon-
cria and outflow of nuclear chromatin (Taddei et al., 2001).

The ultrastructural analysis revealed varying degrees of
¢ berrations, such as the detachment of plasma membrane,
c estruction of mitochondria, which may result in the decrease
«f sperm motility after cryopreservation, whereas the nuclear
chromatin was well preserved in this study. The better inte-
gration of plasma, and the normality of mitochondria in
soerm preserved using 15% DMSO were accordant with its

higher post-thawed motility. In addition, it should be noticed
that the fresh sperm of sea urchin also showed anomalies in
mitochondria may be due to a combination of vulnerable or
ageing cells and fixation procedures for microscopic obser-
vations (Taddei et al., 2001).

Although cryopreservation can cause damages to cellular
structures, the fertilization rate of post-thawed sperm may be
improved by increasing the volume of sperm in artificial
insemination, as suggested by some authors (Gwo, 1994). This
study also showed the fertilization rate with double volume
of cryopreserved sperm did not decline significantly com-
pared to fresh sperm.

Acknowledgments

This work was supported by the promotion project of sci-
ence and technology from the province of Jeonnam and the
ministry of science & technology.

References

Bart, A. N., 2000. New Approaches in cryopreservation of fish
embryos. (in) Tiersch, T. R. and P. M. Mazik, ed. Cryopreser-
vation in Aquatic Species. World Aquaculture Society, Baton
Rouge. pp. 179-187.

Baynes, S. M., A. P. Scott and A. P. Dawson, 1981. Rainbow
trout, Saimo gairdnerii Richardson spermatozoa: effects of cat-
ions and pH on motility. Journal of Fish Biology, 19: 259-267.

Bllom, E., 1950. A one-minute live-dead sperm stain by means of
eosin-nigrosin. Fertil. Steril., 1: 176-177.

Chao, N. H., 1996. Cryopreservation of finfish and shellfish
sperms. J. Taiwan Fish. Res., 4: 157-170.



50 Kyoung Ho Kang, Kang Hee Kho and Young Hun Kim

Chao, N. H. and L. C. Liao, 2001. Cryopreservation of finfish and
shellfish gametes and embryos. Aquaculture, 197: 161-189.

Darin-Bennet, A. and 1. G. White, 1977. Influence of the choles-
terol content of mammalian spermatozoa on susceptibility to
cold shock. Cryobiology, 24: 466—470.

De Leeuw, F. E., A. M. De Leeuw, J. H. G. Den Daas, B. Colen-
brander and A. J. Varkleij, 1993. Effects of various cryopro-
tective agents and membrane-stabilizing compounds on bull
sperm membrane integrity after cooling and freezing. Cryobi-
ology, 30: 32-44.

De Leeuw, F. E., C. Hsiao-Ching, B. Colenbrander and A. J. Var-
kleij, 1990. Cold-induced ultrastructural changes in bull and
boar sperm plasma membranes. Cryobiology, 27: 171-183.

Fabbrocini, A., S. Lubrano Lavadera, S. Rispoli and G. Sansone,
2000. Cryopreservation of seabream (Sparus aurata) sperma-
tozoa. Cryobiology, 40: 46-53.

Fribourgh, J. H., 1966. The application of a differential staining
method to low-temperature studies on goldfish spermatozoa.
Prog. Fish. Cult., 28: 227-231.

Gwo, J. C., 1994. Cryopreservation of yellowfin seabream (Acan-
thopagrus latus) spermatozoa (teleost, perciformes, sparides).
Theriogenology, 41: 989—-1004.

Holt, W. V. and R. D. North, 1984. Partially irreversible coldin-
duced lipid phase transition in mammalian sperm plasma
membrane domains: Freeze-fracture study. J. Exp. Zool., 230:
473-483.

Lahnsteiner, F., B. Berger, T. Wiesmann and R. Patzner, 1996a.
Changes in morphology, physiology, metabolism, and fertili-
zation capacity of rainbow trout semen following cryopreser-
vation. Prog. Fish. Cult., 58: 149-159.

Lahnsteiner, F., R. Patzner and T. Wiesmann, 1996b. Semen cry-
opreservation of salmonid fish: Influence of handling param-
eters on the post-thawing fertilization rate. Aquacult. Res., 27:
659-671.

Lahnsteiner, F., B. Berger, T. Wiesmann and R. Patzner, 1996c¢.
The influence of various cryoprotectants on semen quality of
the rainbow trout (O. mykiss) before and after cryopreserva-

tion. J. Appl. Ichthyol., 112: 99-106.

Morris, G. J., 1981. Liposomes as a model system for investigat-
ing freezing injury. (in) Morris G.J. and A. Clarke, ed. Effects
of Low Temperatures on Biological Membranes. Academic,
New York. pp. 214-262.

Paniagua-Chavez, C. G. and T. R. Tiersch, 2001. Laboratory stud-
ies of cryopreservation of sperm and trochophore larvae of the
Eastern Oyster. Cryobiology, 43: 211-223.

Polge, C., A. U. Smith and A. S. Parks, 1949. Revival of sper-
matozoa after vitrification and dehydration at low tempera-
tures. Nature, 164: 666.

Quinn, P. J., 1985. A lipid-phase separation model of low tem-
perature damage to biological membranes. Cryobiology, 22:
128-146.

Rana, K. J., 1995. Cryopreservation of fish spermatozoa. (in) Day,
J.G. and M.R. McLellan, ed. Methods in Molecular Biology.
Humana Press, Totowa. pp. 151-165.

Taddei, A. R., F. Barbato, L. Abelli, S. Canese, F. Moretti, K. J.
Rana, A. M. Fausto and M. Mazzini, 2001. Is Cryopreserva-
tion a Homogeneous Process? Ultrastructure and Motility of
Untreated, Prefreezing, and Postthawed Spermatozoa of Diplo-
dus puntazzo (Cetti). Cryobiology, 42: 244-255.

Tiersch, T. R., 2000. Introduction. (in) Tiersch, T. R. and P. M.
Mazik, ed. Cryopreservation in Aquatic Species. World Aquacul-
ture Society, Baton Rouge. pp. xix-xxvi.

Watson, P. E., 1995. Recent developmentsand concepts in the cry-
opreservation of spermatozoa and the assessment of their post-
thawing function. Reprod. Fertil. Dev., 7: 871-891.

Yao, Z., L. W. Crim, G. F. Richardson and C. J. Emerson, 2000.
Motility, fertility and ultrastructural changes of ocean pout
(Macrozoarces americanusL.) sperm after cryopreservation.
Aquaculture, 181: 361-375.

Manuscript Received: September 5, 2003
Revision Accepted: January 20, 2004
Responsible Editorial Member: Deok-Young Kang



