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Other methods of assessing post thaw spermatozoa viability include assays that examine
mitochondria functionality. This can be accomplished using the lipophillic cation JC-1
and flow cytometry. JC-1 changes from orange to green when mitochondrial membrane
potential is low (Cabrita et al., 2005).\
Extenders

Diluting sperm with an extender solution is essential prior to cryopreservation
(Rana,1995; Yang and Tierch, 2009). During freezing and thawing, biological salts may
lose their buffering capacity and extender solutions play an important role in maintaining
osmolality and pH (Yang and Tierch, 2009). In the spermatozoa of marine fishes,
exposure to hypertonic solutions causes motility activation (Morisawa and Suzuki, 1980)
and selected extenders must be iso-osmotic to the seminal fluid, to ensure it does not
cause spermatozoa activation (Rana, 1995). In addition to buffering capacity, suitable
extenders contain nutrients, stabilizing colloids, and antioxidants. (Gwo, 2000).

Cryoprotectants

By adding a cryoprotecting agent to extended sperm it is possible to prevent the
formation of intercellular ice crystals and cellular dehydration during cryopreservation
(Yang and Tierch, 2009). Effective cryoprotectants should be highly soluable, able to
penetrate cell membranes easily and minimally toxic to spermatozoa (Suquet et al., 2000;
Chao and Liao, 2001; Yang and Tierch, 2009). Common cryoprotectants used include
dimethy! sulfoxide (DMSO), glycerol, ethylene glycol and methanol. Glycerol has been
widely used for sperm cryopreservation of salmonid and marine species (Suquet et al.,

2000) but because it is slow to penetrate membranes, it requires an equilibration period,
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that increases toxicity. For that reason, glycerol has been replaced by DMSO for sperm
cryopreservation of many species. While DMSO has proven widely successful for a
number of marine teleosts, and has been called the “universal cryoprotectant” (Chao and
Liao 2001), equal or greater success has been attained with other cryoprotectants. For
instance, compared to DMSO, greater success was attained using glycerol, propylene
glycol, and trehalose as sperm cryoprotectants for Japanese flounder, winter flounder,
Pseudopleuronectes americanus (Walbaum), and orange-spotted grouper, Epinephelus
coioides (Hamilton), respectively (Rideout et al., 2003; Zhang et al., 2003; Peatpisut and

Amrit, 2010).

Freezing rates and methodology

Many packaging vessels and freezing systems have been successfully employed
for teleost sperm cryopreservation. Packaging vessels such as plastic straws, cryovials
and glass capillary tubes have been used successfully and their specific use often depends
on the species-specific sperm volumes required. Some freezing protocols have also been
employed using dry ice, liquid nitrogen and controlled rate freezers (Stoss and
Donaldson, 1983; Susquet et al., 2000). The range of optimal freezing rates varies
between -1° C/minute to -99 © C/minute (Susquet et al., 2000). Highly successful sperm
cryopreservation has been conducted using a two-step method, during which sperm are
initially held in liquid nitrogen vapors for some period and then plunged directly into the
liquid nitrogen for storage. Cooling rate is determined by the height samples are placed

above the vapor. Problems with this method may can arise due to inconsistency of sample
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placement. These problems are avoided by using a pregrammable controlled-rate freezer,
as was employed in the studies described in Chapter 1.

Short term storage

Short term storage of fish spermatozoa is useful when sperm and eggs may be
collected at different times or locations. The purpose of short term milt storage is to slow
metabolic activity of spermatozoa so their life span may be extended. Most fish sperm are
suitable for storage because they remains quiescent in the seminal plasma, and since they
remain immotile they consume less energy. Because of this characteristic fish
spermatozoa may be stored for hours or even days and still remain viable. Problems that
may reduce the viability during short term storage of spermatozoa include inadequate
temperature control or gaseous exchange, bacterial contamination and cell desiccation.
These obstacles may be overcome by the addition of a diluent and/or gaseous oxygen to
the spermatozoa (Gwo, 2000; Rana, 1995).
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CHAPTER ]

as

CRYOPRESERVATION OF SUMMER FLOUNDER, (PARALICTHYS DENTATUS)

SPERM

This chapter was published in the journal Aquaculture Research

Abstract

The summer flounder, Paralichthys dentatus L., is a high value species and
considerable research has been conducted to determine practices conducive for its
culture. As milt can be limited in this species, experiments were conducted to develop a
practical sperm cryopreservation protocol for hatchery use. Two dilution ratios (1:2 and
1:4; sperm:extender), 2 diluents (saline and sucrose-based), 2 cryoprotectants (10%
DMSO and 12% glycerol) and 3 freezing rates (-5, -10 and -15°C min’") were evaluated
using differential staining to assess post-thaw sperm survival. Seven combinations of the
factors examined reduced post-thaw viability by less than 30%. The average viability of
sperm from fresh, pooled flounder milt (67.2 + 2.9%) was not different from that of
thawed milt diluted 1:4 with sucrose diluent (10% DMSO) frozen at -5°C min' (38.4 +
7.7%) and fertilization and hatch success were not different in trials using fresh or
thawed, cryopreserved sperm. From these experiments a practical sperm cryopresrvation
method was developed, but further refinement of the freezing protocol is necessary to

optimize results.
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Intreduction

Paralichthid flounder are widely cultured throughout the world, particularly in
Asia, where Japanese flounder, Paralichthys olivaceus (Temminck & Schlegel),
represents one of the most important aquaculture industries (Bolasina, Tagawa,
Yamashita & Tanaka 2006). In the U.S., considerable research has been conducted to
determine practices suitable for the culture of summer flounder, P. dentatus L. (Bengtson
1999; Burke, Seikai, Tanaka & Tanaka 1999; Watanabe & Carroll 2001; Gaylord,
Schwarz, Cool, Jahncke & Craig 2004). Summer flounder are a high-value species and
fishing pressure has significantly reduced wild catches, such that demand often exceeds
supply (NOAA 2008). Meeting the increased demand for flounder in U.S. and foreign
markets will therefore require establishing and optimizing production through
aquaculture, and limited commercial production has been underway in the US for over a
decade (Bengtson 2000).

Milt production from Paralichthid flounder can be limited (< 0.5 ml) during
manual spawning and methods must be developed to maximize production from male
broodstock (Smigielski 1975; Berlinsky, King, Hodson & Sullivan 1997). In addition to
hormonal therapies to increase sperm production, sperm cryopreservation is another tool
that can be used to manage valuable broodstock (Chao & Liao 2001; Riley, Holladay,
Chesney & Tiersch 2004; Horvath, Urbanyi, Mims, Bean, Gomelsky & Tiersch 2006).
Some of the benefits of cryopreservation include synchronizing gamete availability
during hatchery spawning, preservation of genetically superior pedigree lines, simplified

sperm transport between hatcheries, reduction in disease transfer among broodstock and
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reduced maintenance costs of male broodstock (Suquet, Dreanno, Fauvel, Cosson &
Billard 2000; Jenkins-Keeran, Schreuders, Edwards & Woods 2001; Cabrita, Sarasquete,
Martinez-Paramo, Robies, Beirdo, Pérez-Cerezales & Herraez 2010).

Several factors have been shown to contribute to the relative success of sperm
cryopreservation, including freezing and thawing rates, choice of cryoprotectants and
diluents, dilution ratios, sperm volumes, freezing vessels and variation among individual
males (Suquet et al. 2000). There have been successful efforts to develop
cryopreservation methods for other Paralichthid species including Japanese and Brazilian
flounder, P. orbignyanus (Valenciennes), (Zhang, Zhang, Liu, Xu, Wang, Sawant, Li &
Chen 2003; Lanes, Okamoto, Cavalcanti, Collares, Campos, Deschamps, Robaldo,
Marins & Sampaio 2008), but to date, no methods have been reported for summer
flounder. The objective of the present study was to develop a practical method for
cryogenic sperm storage from summer flounder combining parameters (diluent
composition, cryoprotectants, dilution ratios, and freezing rates) previously used with

other Paralichthid species.

Materials and Methods

Broodstock

Wild-caught (southern New England) and captive-bred summer flounder
broodstock (> 7 years; females = 0.97-3.65 kg, males = 0.68-1.60 kg) were maintained at
Great Bay Aquaculture LLC (GBA; Portsmouth, NH, USA) for at least four years prior to

the start of the experiments. Each fish was implanted with a passive integrated
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transponder (PIT) tag (Biomark Inc., Boise, ID, USA) for individual identification and
held in 6,000 L fiberglass rectangular tanks incorporated in recirculating (28-30 g L™
salinity) systems. The systems were equipped with biological and mechanical filtration,
ultraviolet sterilization, foam fractionation, and photothermal control. Half-hour
crepuscular periods were provided with 100 W incandescent bulbs to simulate dawn and
dusk. Light intensity, measured with a light meter (Sper Scientific, Scottsdale, AZ,
USA), ranged from 5 lux (dawn/dusk) to 30 lux (day) at the water surface during the light
period. Water temperature and dissolved oxygen (DO) were measured daily (Oxyguard,

Birkerod, Denmark) and unionized ammonia and nitrite were monitored weekly

(HACH®; Loveland, CO, USA). Water quality within the culture tanks remained within
ranges suitable for rearing this species (DO = 100% stauration; ammonia < 0.0008 mgL ™",
nitrate < 3.0 mgL"; Watanabe, Ellis & Ellis 1998). The fish were fed a commercial
ration (9 mm pellet, 54% protein, 18% fat; Vitalis Cal, Skretting, New Brunswick,
Canada) to apparent satiation 2-3 times per week. As summer flounder naturally spawn
in the fall, photoperiod and temperature were maintained at 12L:12D and 19 + 1°C until
two months prior to desired spawning and then gradually adjusted to 8L.:16D and 14°C,

respectively (Watanabe ef al. 1998; Bengtson 1999).

Milt collection

Before milt collection, flounder were anesthetized with 70 mg L' MS-222
(Tricane-S, Tricane Methanosulphonate, Western Chemical Inc., Scottsdale, AZ, USA)
and the area around the urogenital pore was blotted dry with a paper towel. Milt was

collected and volumes measured in 1 mL Tuberculin syringes (Beckton, Dickinson and
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Co., Franklin Lakes, NJ, USA) and transferred into 2 mL microcentrifuge tubes. The
milt was used immediately after verifying sperm motility, or held on ice < 1 h prior to use
(Lanes et al. 2008).

Assessing sperm viability and metility

Sperm density was determined from 10 summer flounder males by diluting
samples (1:1000) with 10% formalin and counting immotile cells using a Neubauer
hemacytometer (West Germany) at 1000x with a compound microscope (Zeiss AxioCam
MRm, Carl Zeiss Inc., Thornwood, NY, USA). All samples were counted in triplicate.

Sperm viability was determined using a LIVE/DEAD ® sperm viability kit
(Molecular probes, Eugene, OR, USA) which differentially stains live and dead cells with
SYBR 14 ® and propidium iodide dyes, respectively. The stained sperm (> 100) were
viewed with a Zeiss Axiophot fluorescence microscope (Oberkochen, Germany) using
green fluorescence protein and rhodamine filters. Sperm viability was calculated as the

proportion of live cells relative to the total number of cells counted.

Before use, sperm (diluted 1:50; 1 pl milt : 49 pl seawater) were checked for
motility with a compound microscope immediately after activation with ultraviolet-
sterilized seawater (30 g L™'). Motility was estimated with an arbitrary scale, ranging
from 0-4, where 0 represents no motility; 1, 1- 25%; 2, 26-50%; 3, 51-75%; and 4, 76-
100% motile sperm (Viveiros, Jatzkowski & Komen 2003). Only sperm with motility
scores > 3 were used for cryopreservation trials.

Viability analysis

To validate the Live/Dead ® sperm viability kit, a regression analysis was
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NC, USA) between percent viable sperm

and qualitative motility (n = 21; Figure 1).

Cryopreservation experiment 1

To identify the optimal parameters for cryopreservation, a multi factorial (2
diluents x 2 cryoprotectants x 2 dilution ratios x 3 freezing rates) ANOVA experimental
design was conducted using sperm collected from four males and frozen using one of two
diluents (sucrose: 110 mM sucrose, 100 mM KHCOs, 10 mM Tris-Cl, pH 8.2, osmolality
335 mOsmol; and saline: 423 mM NaCl, 9 mM KCl, 9.25 mM CaCl,-2H,0, 22.92 mM
MgCly-6H,0, 25.5 mM MgSO4-7H,0, 2.15 mM NaHCOs, pH 8.2, osmolality
900mOsmol), two cryoprotectants (12% or 1.65 M glycerol; and 10% or 1.40 M DMSO)
% cryoprotectant indicates final cryoprotectant concentration of the sample, two dilution
ratios (1:2; 100 ul:100 pl and 1:4; 50 ul:150 pl), and three freezing rates (-5, -10, and -
15°C min™"). The diluents were mixed with cryoprotectants approximately 1 day prior to
use, and were held at 4°C. All solutions and instruments used in the freezing procedure
were chilled (4°C) prior to use. The milt was diluted in 2 mL cryo-vials (Nalgene
Cryoware Low density polyethylene, Nalgene Co. Rochester, NY, USA). Vials were
capped, thoroughly mixed, and held on ice until all replicates for one freezing rate were
filled. No additional equilibration time was allotted beyond that required to fill the cryo-
vials (2-3 min). Cryo-vials containing sperm samples were frozen using a Planar Biomed
Model 10-16 programmable freezer (Planer, United Kingdom). Once samples reached -
150°C, they were immediately plunged into liquid nitrogen and kept overnight. The

samples were thawed in a 37°C water bath for 2 min, and held at room temperature

25



(20°C). The sperm were immediately examined using the LIVE/DEAD ® sperm viability
kit, as described above. Each diluent, cryoprotectant, and dilution combination was
frozen in triplicate at each of the 3 freezing rates. Because different pools of sperm were
used for each freezing rate trial, thawed sperm viability was compared to that from the
corresponding fresh sperm pool. A least squares analysis was performed to compare
freezing parameters (diluent, cryoprotectant, dilution ratio and freezing rate) and results
are presented as “mean decrease in viability.”

Cryopreservation experiment 2

The results of the initial cryopreservation experiment were further analysed using
the maximize desirability function in the prediction profiler (JMP 8.0). This function
compared treatments and interactions and selected the combination of treatment levels
that yielded the greatest post-thaw viability. From this analysis, the cryoprotectant
(DMSO) and dilution (1:4) were selected for further analysis in a 2x3 factorial design and
combined with both diluents, at each freezing rate. Sperm from four males were frozen

with these parameters in triplicate, as described above.

Egg collection

During all procedures fish were anesthetized with 70 mg L™ MS-222. Two weeks
prior to anticipated spawning, ovarian development was visually assessed with the aid of
a light table (Watanabe & Carroll 2001; Luckenbach, Godwin, Daniels & Borski 2002).
Those fish containing vitellogenic stage oocytes were induced to spawn with daily
injections of carp pituitary extract (CPE, 2 mg kg''; Stoller Fisheries, Spirit Lake, 1A,

USA; Smigielski 1975; Berlinsky ez al. 1997). Females were checked for evidence of
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ovulation daily by exerting gentle pressure on the dorsal surface overlying the ovaries. If
ovulation did not occur, the degree of ovarian development was visually assessed and
CPE was re-administered. This procedure was repeated daily (~3—4 days) until ovulation
occurred.

Ovulated eggs were collected into a 500 mL polypropylene beaker and their total
volume recorded. A subsample of eggs (n = 200) was examined to assess quality. High
quality eggs from marine teleosts are generally clear, buoyant, spherical, and lack a
perivitelline space prior to fertilization (McEvoy 1984; Kjersvik, Mangor-Jensen &
Holmefjord 1990). An estimate of the number of eggs exhibiting these characteristics
was determined. If most of the eggs appeared to be of high quality, the batch was
retained for fertilization.

Fertilization trial

Based on the results of the second cryopreservation experiment, fertility trials
were conducted using sperm diluted 1:4 with sucrose diluent and DMSO solution, and
frozen in 1 mL aliquots at -5°C min™'. Eggs from three females were collected as above,
divided into two 250 mL polypropylene beakers, and fertilized with either fresh milt (100
uL) or thawed, cryopreserved milt from four males (1-1.0 mL aliquot). Approximately
20-40 ml of filtered sea water (34 g/L) was added and the eggs and sperm were gently
mixed for 2 min. Following fertilization the eggs were transferred to a calibrated
separatory funnel containing 700-1000 mL seawater and statically incubated for 5-10
min to allow the buoyant (viable) and sinking (non viable) eggs to separate. The volumes

of both groups of eggs were recorded and the number of eggs mL™' was estimated (1,200
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eggs mL™') based on previous findings (Berlinsky ef al. 1997). The percentage of
fertilized eggs was determined after 3-4 h (32-64 cell stage) by microscopic examination
of approximately 200 eggs. The viable eggs were then incubated at GBA in 50 L
incubators connected in a recirculating system (17°C, 35 g L™ salinity, continuous
illumination of approximately 200 lux). Each day, aeration was removed and water flow
stopped for 10 min to allow non-viable eggs to sink. The volume of non-viable eggs was
recorded daily, and the final buoyant volume was recorded at 72 h. Following
examination with a dissecting microscope, pre-hatch success was determined as the ratio
of developed embryos (beating hearts) to non-developed, in the final buoyant egg

volume.

Statistical analysis

The effects of predictor parameters (diluent, cryoprotectant, dilution ratio, and
freezing rate) on sperm viability and fertilization, with fresh and cryopreserved sperm,
were analyzed by ANOVA and a full-factorial least squares analysis. When effects were
significant, a Tukey’s a posteriori multiple range test was used for pair-wise
comparisons. Percent data were arcsine square-root transformed to improve the ANOVA
assumption of normality. Linear regression analysis was conducted to determine the
correlation between sperm motility. All statistics were performed using JMP 8.0. All

data are presented as means + SEM.
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Results

Assessing sperm viability and motility

Flounder (n=10) had a milt volume of 1.9 + 0.5 mL, a density of 12.4 + 1.6 (x 10%)
cells mL"', and a total cell count of 26.3 + 6.6 (x10°). The volume corrected for fish size
was 1.5+ 0.5 mL kg™ BW. A positive relationship was verified between sperm motility

and viability (n=21, Adjusted R? = 0.81, p < 0.05, Fig. 1).

Cryopreservation experiments

The results of cryopreservation experiment 1 are shown in Table 1.1 Seven
combinations of the factors examined reduced post-thaw viability by less than 30%.
Only the treatment “freezing rate” was statistically significant (P < 0.0001) and an
interaction was detected between diluent and cryoprotectant (P = FO.OOOS). Overall the -
5°C min! freezing rate (26.9% decrease in viability) outperformed -10 (50.0%) and -15°C
min-1(52.0%), and DMSO cryoprotectant (39.4%) outperformed glycerol (46.4%). The
results of the subsequent cryopreservation trial, during which sperm were diluted 1:4 with
either sucrose or saline diluents and frozen at different rates (Table 1.2), shows that
sucrose outperformed saline. The average viability of sperm from fresh, pooled flounder
milt (67.2 + 2.9%) was not different from that of thawed sperm diluted 1:4 with sucrose

diluent (10% DMSO) frozen at -5°C min™' (38.4 + 7.7%).

There were no statistical differences in fertilization success or pre-hatch viability
between fresh and thawed sperm Table 1.3. The sperm to egg ratios, however, differed

between fresh (34.7 x 10° sperm: egg) and cryopreserved (88.4 x 10° sperm: egg)
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Discussion

Sperm densities and milt volumes vary cénsiderably among teleost species and
are further influenced by season, social factors, stress, nutrition, and frequency of
stripping (Biiyiikhatipoglu & Holtz 1984; Teletchea, Gardeur, Psenicka, Kaspar, Le Dore,
Linhart & Fontaine 2009). Summer flounder are among several Pleuronectiform species
that produce relatively low volumes of concentrated sperm (Lanes, Okamoto, Bianchini,
Marins & Sampaio 2010). While cell motility is often used as an indicator of sperm
quality, and the percentage of motile sperm has been positively correlated with
fertilization in many species (Levanduski & Cloud 1988; Wang & Crim 1998; Fauvel,
Suquet & Cosson 2010), in others, such as Atlantic cod, Gadus morhua L., (Trippel &
Neilson 1992); salmonids (Scott & Baynes 1980), and rosy barb, Barbus conchonius
(Hamiltion-Buchanan), (Amanze 1994) fertilization success using in vitro fertilization
was not different using motile or immotile sperm. Differential staining of live and dead
cells, based on their membrane integrity, has proven useful for rapid evaluation of
preservation protocols prior to fertilization trials (DeGraaf & Berlinsky 2004; Lanes ef al.
2008; Cabrita, Engrola, Conceigéo, Pousdo-Ferreira & Dinis 2009), and was used in the
present study. While high correlations between cell viability and motility have been
reported for some species (e.g. cod, DeGraaf & Berlinsky 2004; Brazilian flounder,
Lanes et al. 2008; summer flounder, present study), in other cases poor correlations were
observed (Linhart, Rodina, Flajshans, Gela & Kocour 2005). This is likely due to the fact

that live-staining populations also included cells with insufficient ATP reserves for
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motility (Linhart & Billard 1994). Because of these discrepancies in viability assessment,
the ultimate test for sperm quality is the ability to fertilize eggs (Bromage & Roberts
1995; Riley, Chesney & Tiersch 2008).

In the present study, fertilization and hatching were not different in trials using
fresh or cryopreserved sperm. Adequate freezing success was achieved using a sucrose-
based diluent with 10% DMSOQ, and results were similar to those reported in trials with
the congeneric Brazilian flounder (Lanes ez al. 2008). Although DMSO has proven
widely successful for a number of marine teleosts, and has been called the “universal
cryoprotectant” (Chao & Liao 2001), equal or greater success has been attained with
other cryoprotectants. For instance, compared to DMSO, greater success was attained
using glycerol, propylene glycol, and trehalose as sperm cryoprotectants for Japanese
flounder, winter flounder, Pseudopleuronectes americanus (Walbaum), and orange-
spotted grouper, Epinephelus coioides (Hamilton), respectively (Rideout, Litvak, &
Trippel 2003; Zhang et al. 2003; Peatpisut & Amrit 2010).

Sperm cryopreservation has been applied to more than 200 marine and freshwater
fish species and the degree to which specific variables influence post-thaw viability is
highly species-dependent. For instance, in carp, Cyprinus carpio L. no differences in
post-thaw motility were found using either sucrose or saline-based diluents (Horvéth,
Miskolczi & Urbanyi 2003), but sucrose-based diluents were found to be superior to
saline-based in spotted halibut, Verasper variegatus (Temminck & Schlegel), and turbot,
Scophthalmus maximus L., (Chen, Ji, Yu, Tian & Sha 2004; Tian, Chen, Ji, Zhai, Sun,

Chen & Su 2008). The cryopreservation trials reported here represent an important first
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step towards effective male summer flounder broodstock management, and our protoco!
and results were similar to those of Lanes ez al. (2008) for Brazilian flounder. Several
cryopreservation parameter combinations gave satisfactory results in our initial trial,
however, and greater amounts of cryopreserved sperm were necessary to attain the same
fertility success as that of fresh sperm. Further refinement of the freezing protocol is
necessary to optimize results, and will entail conducting sequential, stepwise comparisons
of cryoprotectant concentrations, freezing and thawing rates, sperm diluents, and sperm
to egg ratios (Suquet et al. 2000; Rideout et al. 2003).

In conclusion, several parameter combinations were successfully used for summer
flounder sperm cryopreservation. Fertilization and hatch success were not different in
trials using fresh or post-thawed cryopreservgd sperm diluted 1:4 with a sucrose-based
diluent and 10% DMSO. Further experiments may be necessary to optimize sperm

cryopreservation techniques for this species
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