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Abstract

The pejerreyOdontesthes bonariensis, is being considered for aquaculture due to its
high demand and market price. Reproduction andcialture studies have demonstrated the
feasibility of massive fingerling production, anechniques that prolong life and increase
gamete viability can assist in the culture develeptrof this species. In this regard, the main
objective of this study was to develop freezingtpcols for pejerrey sperm. For this purpose,
two extenders: Ex1l, a modified Mounib solution (@ NaHCQ, 159mM Sucrose,
0.025g/ml Reduced Glutathione; pH: 8; osmolalitpm®sm/Kg) and Ex2, a saline based
solution (250mM NaHCg 100mM trehalose; pH: 8; osmolality 450mOsm/Kg) reve
developed. Dimethyl sulfoxide (DMSO) and Ethylerigcgl, (EG) were added at 10 % as
cryoprotectants and two types of containers weeelusryovials (1 ml of volume) and French
straws (0.250 ml). Cryopreservation was made withemuilibration time using dry ice or
liquid nitrogen. The results obtained by freezirgeprey semen with dry ice showed that all
the combinations tested were suitable becauserhaihity indexes (among 4 or 5) and good
fertility percentages (between 46-56 %) were obkthirafter thawing. However, the
fertilization percentage obtained with control senmwas significantly higher (80 %). No
significant statistical differences were observad the fertilization percentages between
experimental combinations or the containers usedhé case of liquid nitrogen as freezing
method, it was possible to obtain for all the camalions motility indexes among 3 or 4 after
thawing. In the case of fertilization trials, siarlpercentages (around 80 %) were found for
control semen and for the majority of cryopresersathples. However, statistically lower
results (among 44-60%) were found for ExXIDMSO (tuipes) samples and for EX1EG
samples in both containers. In summary, the feagilbo cryopreserve pejerrey sperm was
demonstrated for the first time using simple aratpcal protocols.
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1. Introduction

The pejerreyOdontesthes bonarienis is an eurihaline fish that naturally inhabits the
continental waters of the Pampean Region of Arganf{Lopez et al 2001). Over the last
years, decreasing stocks of regional populatiosscated with overfishing and pollution
(Berasain et al., 2005) targeted the pejerrey petantial species for aquaculture (Miranda
and Somoza, 2001; Somoza ef 2008). Furthermore, the pejerrey is very appredidy the
local fisheries and cuisines, and for this reasiohas been introduced in many water bodies
across Argentina and other countries, such as Japare it's being cultured at a commercial
scale (Mituta, 2001).

On this regard, pejerrey intensive culture methbdd been succesfully achieved in
Argentina (Miranda et al., 2006; Somoza, et alQ&0Somoza et al., 2008). Despite these
advances, many issues still need to be solveddier@o establish pejerrey farms in the region
(Somoza et al., 2008). For instance, pejerrey lemsegdresent a marked asynchrony between
spawning intervals, with a relatively low fecundianging from 30 to 40 percent
(Strissmann, 1989; Miranda et al., 2006). In tree ad captive pejerrey males, the volume of
expressible sperm is very low (100-200ul) from 3+gears-old (Strssmann et al., 1994) and
the sperm concentration ranged between 3.5 to 63 xells / ml (Miranda et al., 2005).

Overall, the current scenario, dictates that aelamgmber of broodstock fish is necessary
to be maintained, since efficient hatchery operatrequires uniformity in larvae size,
guantity and quality (Somoza et al., 2008).

Recently, in order to improve the current breedingcedures, some experiments were
performed using environmental and hormonal treatsnemincrease pejerrey sperm volume
and synchronize spawning females (Miranda et 8D122005; 2006). Although this path is
pointing in good direction there’s a different apgech that could result more advantageous

and, indeed, complimentary with the pharmacolodieatments.



In this context, the other approach was to develmp appropriate sperm
cryopreservation protocol, which has been idertifizss a tool to improve broodstock
management and larvae production in more than @é6ies of fish (Lanes et al 2008; Yang
and Tiersch, 2009). However, the success resultsesk sperm cryopreservation experiences
have been highly variable among species and witlethods being necessary to perform in
each case a species-specific adaptation to theeekiechniques (Billard et al., 2004).

In Summary, the main objective of this study wasdevelop simple and practical

cryopreservation protocols for pejerrey sperm.

2. Materialsand Methods

Pejerrey broodstocks were selected from the stegk &t 25.000 | external breeding
tanks at the IIB-INTECH aquaculture facilities. frisf similar size and weight were chosen
(SL: 27.97 + 0.35cm; BW: 301.74 + 11.369) and dstired into four 3000 | indoor tanks (20
fish per tank), maintaining a gender proportionldf in order to obtain more volume of
expressible sperm. In all tanks, water quality \ept by means of an open flow system
keeping water temperature and salinity around 183G 1.5%, respectively all year round.
Fish were fed three times a day using pejerreyepedd food (Shulet SA, Argentina) and
were maintained with a natural photoperiod (arodr®3d h light/11 h dark). The sperm
sampling were performed during pejerrey reprodeactigason (spring time) following Renard
et al. (1994) and Miranda et. dR005) guidelines. Briefly, fish were anesthetizeda 100
ppm benzocaine bath (Drogueria Saporiti, Argentiaayl semen was sampled by abdominal
stripping and collected with 200ul tips adapted fonl tuberculin syringes avoiding or
discarding urine or fecal contaminated samples.eCiilled, each tip was placed inside a
1.5ml tube and kept on ice until motility index wasted. Motility analysis was performed

with an optic microscope under a 160x magnificgtiaeing the motility index table for



pejerrey (Strissmann et al., 1994). Sperm motivgs characterized in six indexes: O,
corresponds to all immotile spermatozoa; 1, most iarmotile and some present lateral
vibration; 2, most spermatozoa are vibrating or otilm while some present forward
movement; 3, some spermatozoa move rapidly, some rslowly and others are immotile;
4,most spermatozoa move rapidly while some are mgosiowly; and 5, most display rapid
movements. Immediately after sperm collection,walig of each sample were activated with
tap water. All the samples with a motility index®fvere gently pooled (8 fish) and kept on

ice until dilution and cryopreservation.

2.1 Extenders
Previously and in order to develop species-spee@ktenders forO. Bonariensis, a

sperm plasma ionic composition analysis was perdrnBriefly, seminal plasma from a
pooled sample of high quality sperm, obtained fiorfish, was separated by centrifugation
(first 200g for 2min followed by 2500g for 10min)nch the concentration of some
representative cations (Ca K*, Mg'™, Na) were determined using a Flame
spectrophotometer. Also the osmotic pressure andvpke recorded using a Wescor 5500
Vapor Pressure Osmometer and a Hanna pH 211 phMé&ensidering these findings (see
results section) and preliminary results obtaingdLizhtenstein and Miranda (2007), two
extenders were developed and tested in the presedy. Extender 1 (Ex1): A Mounib
modified solution (127mM NaHC$ 159mM Sucrose, 0.025g/ml Reduced Glutathione; pH:
8; osmolality 400mOsm/Kg) and extender 2 (Ex2): &lire based solution (250mM
NaHCGQ;, 100mM trehalose; pH: 8; osmolality 450mOsm/Kgynthinations of sperm + Ex1
or Ex2 (1:50) were done and aliquots were obsedwgthg 10 minutes, then activated with
tap water (semen-diluent mixture 1:3 tap water) arddility indexes recorded as described

above.



2.2 Cryoprotectants

In order to minimize the risk of cryogenic damaging the freezing stages, two
cryoprotectants were tested: Dimethyl sulphoxid®8D) and Ethylene glycol (EG) applied
in a 10% v/v of the sperm extender solution. Crgtgetants were added to the sperm
extender solution immediately after the beginnifighe freezing protocols, thus minimizing

the risk of a toxic reaction between sperm and pryt@ctant.

2.3 Containers

Two types of containers were used: cryovials (Mib&, Germany) of 1 ml of volume
and French straws of 0.250 ml of volume (MinituBermany). Combinations of sperm (3 pul)
+ Ex1 or Ex2 (147 pl) + DMSO or EG (15 pl). wereeddo fill the cryovials or the straws
(total volume of 165ul). In the case of straw thelewere sealed with clay. All combinations
were done by quadruplicate, and mean values amdlasth errors were used to analyze

differences between combinations.

2.4 Cryopreservation

Two freezing methods using dry ice or liquid niteog were tested having in
consideration, costs and availability of differdrgezing technologies that can be used in
research institutes or working at the field in to@ast of Pampasic lagoons.

In the method using dry ice, samples were placethe top of a dry ice block and kept
inside a styrofoam box for 24 h, as described bkiAa al. (1997). In the case of liquid
nitrogen samples were positioned in a floatingaftam raft for 12 min at 6 cm from the

liquid nitrogen surface inside a thermal flask, amgnediately after, samples were plunged



into the liquid nitrogen and stored for 24 h, faelilag the methodology described by Rideout

et al. (2004).

2.5 Thawing

After 24 h, samples were removed from the liquilagien or the dry ice and thawed in
a water bath at 35°C for 50s for cryovials, and fb@she French straws. These values were
determined from curves of thawing previously perfed by Lichtenstein and Miranda (2007)

where temperatures between 20 and 40 °C were tested

2.6 In vitro fertilization

Immediately after thawing the motility index wasalyzed (as described above) and the
diluted semen of each sample (total number of smewund 50,000/egg) was gently mixed
with approximately 300 eggs obtained from a pookgds stripped from 2 mature females.
After the mix, the sperm was activated with tapexatnd after 10 min the eggs were then
incubated using glass containers at room tempergt® °C). Control groups were performed
by quadruplicate using undiluted fresh sperm (totathber of sperm around 50,000/egg) with
a recorded motility index of 5. After 8 h of feitiition morula stage was observed and the %

of fertilization was assessed in all cases.

2.7 Satistical Analysis
Analysis of variance (ANOVA) was used to deternmsignificant differences (P < 0.05)
between groups, and Tukey’'s multiple comparis@ssstwere performed for @osteriori

comparisons using the Graphpad Prims4 software¢a &ra expressed as mean + SEM.



3. Results

Pejerreysperm plasma ionic composition analysis was: 0.2J85"], 4.82mM [K],
0.49mM [Md™], 24.7mM [N&]. Also, the pH (8) and the osmolality (350mOsm/Kugre
recorded.

The motility results obtained after pejerrey semeitution in Ex1 and Ex2
demonstrated that it was possible to activate etiligperm after 10 minutes with high motility

indexes (Fig. 1).

3.1 Freezing semen with dry ice or liquid nitrogen

The results obtained freezing pejerrey semen with ide showed that all the
combinations tested were suitable because highlitpyoindexes (among 4 or 5) and
acceptable fertility percentages (between 46-56v&sE obtained after thawing (Figs. 2, 3).
However, the fertilization percentages obtainedhwintrol semen was higher (around 80 %).
No significant statistical differences were obsdnan motility indexes and fertilization
percentages between experimental combinationseardhtainers used (Figs. 2, 3).

In the case of liquid nitrogen as freezing methibadvas possible to obtain for all the
combinations, motility indexes among 3 or 4 aftawing(Fig. 4).In the case of fertilization
trials, similar percentages (around 80 %) were doian control semen and for the majority of
the liquid nitrogen cryopreserved samples. Howestatistically lower results (among 44-
60%) were found for ExXIDMSO (cryotubes) samples &d EXIEG samples in both
containers (Fig. b Taking in consideration only the types of contajneo statistical

differences were found in this experiment for eegimbination (Fig. 5).



4. Discussion

The first step for fish sperm cryopreservationdaskhow which factors affect sperm
motility and develop an appropriate extender twvallthe dilution of the sperm with
temporary suppression of motility. In pejerrey, ogicpressure appears to be the main factor
regulating sperm motility and that some cationg¢glly K*) are able to override the osmotic
suppression of motility (Strissmann et d994). The same authors recommended the
dilution of pejerrey semen for cryopreservationhaatModified Mounib Solution (absence of
K" and presence of Npbeing this solution isosmotic or slightly hyperastic respect
pejerrey seminal fluid. It was also reported thajepey seminal fluid osmotic pressure was
331mOsm/Kg (Renard et al., 1994) and that motikgs unaffected by pH in the range of
5.4-8.3. In our study we characterized the comusitf pejerrey seminal plasma finding that
Na’was the ion at major concentration, having an ognpoessure of 350mOsm/Kg and with
a pH of 8. Then, following Striissmann et(daP94) considerations, and taking in account our
results, we used two extenders based on salindie®u a Modified Mounib Solution
(400mOsm/Kg) and a new one replacing sucrose thalose (Aoki et al., 1997), without
reduced Glutathione and with a slightly higher osm@ressure (450 mOsm/Kg). The
dilution of pejerrey semen with these extendersvaabexcellent results demonstrating that it
was possible to activate diluted sperm with highilitypindexes.

Despite the fact that DMSO has been referred the@&iniversal cryoprotectant’ (Chao
and Liao, 2001) and has been used to cryopresgregamsfrom numerous marine and
freshwater fish species (Mounib, 1978; Withler &mnu, 1982; Kerby, 1983; Dreanno et al.,
1997; Yao et al., 2000; Velasco-Santamaria, eb@62Lanes et al., 2008; Yang and Tiersch,
2009), others cyioprotectants such as glycerol (S;Uu¥ethanol (MET), propylene glycol
(PG), dimethylformamide (DMF) and EG were used cmnly in fish sperm

cryopreservation (Lahnsteiner et al.,, 1997; Yaoakt 2000; Bergeron et al.,, 2002;
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Glogowski., et al 2002; Zhang et al., 2003; Lanesl.e 2008; Yang and Tiersch, 2009). In a
preliminary experiment for pejerrey sperm cryopresgon, DMF, MET, GLY, DMSO and
EG were tested at different concentrations. Analyznly the post thawed motility indexes
encouraging results were obtained with DMSO and &@oncentrations between 5-15 %
(Lichtenstein and Miranda, 2007). Following thesalihgs, in the present study we used
combinations of extenders with DMSO or EG at 10%rgeprotectants.

In the case of dry ice as freezing method, the lityotind fertility of the frozen sperm
was seen to decrease respect to control spermitbhuagceptable results for all combinations.
Using liquid nitrogen, similar fertilization percages (around 80 %) were found for control
semen and for the majority of the cryopreservedioations. However, statistically lower
results were found for EX1EG samples. It wouldef@ne appear that EX2 and DMSO are the
most suitable extender and cryoprotectant for algsgrving pejerrey sperm.

In most studies, DMSO provides the best resultsbgile due to its fast penetration
into spermatozoa and its interaction with the photipids at the sperm membrane (Suquet et
al., 2000). But, in same cases, GLY, PG, DMF or &S also been reported to perform as
well as or better than DMSO for the cryoprotectadrsperm from other species (Aoki et al.,
1997; Richardson et al., 1999; Fabbrocini et @&iQ® Rideout et al., 2004; Zhang et al., 2003;
Navarro et al.2004; Yang et al., 2007; Tian et al., 2008).

As well as the appropriate choice of cryoprotectand extender used in the
cryopreservation process, successful cryopreservatf animal sperm depends on the
freezing protocol (Viveiros et al., 2000). In thstudy, taking in consideration the results
obtained, a slow method using the vapor phasegoidinitrogen angbosterior plunging into
liquid nitrogen was more effective than the dry method. Similar results were obtained in
Oryzias latipes (Aoki et al., 1997) Melanogrammus aeglefinus, Gadus morhua (Rideout et

al., 2004) andParalichthys orbignyanus (Lanes et al., 2008). However, in the area ofrpeye



11

distribution, lagoons of the Pampean Region of Atgpa (Lopez et al 2001), it can be
difficult to obtain and transport liquid nitrogem work in the field. For this reason, in spite of
the dry ice method being less effective it candr@veniently used in those conditions.

Ours results, showed no differences between théaicmns used. But, compared to
cryovials, the use of French straws has the pateativantage for use with an automated
straw filling and sealing equipment.

It was demonstrated that the protocols developethis study are efficient for the
cryopreservation of pejerreyOdontesthes bonariensis sperm. The extenders, the
cryoprotectants, and the methods for freezing eygglaesulted in viable fertilization rates
for all cases. In summary, this is the first regortsuccessful cryopreservation@dontesthes
bonariensis sperm, these procedures should improve broodst@iagement techniques for

this species and consequently augment the potéotias culture.
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Fig. 1. Motility indexes of pejerrey fresh sperm diluted5@) in Ex1 or in Ex2. The sperm

was activated 10 minutes after the dilution with waater.

Fig. 2.Motility indexes with fresh and dry ice cryopresesvpejerrey sperm in straws or
cryovials. The values correspond to the mean+S.Bais with different letters above are
significantly different (p < 0.05), n=4. Ex1D: sper extender 1 + dimethyl sulfoxide; EX1E:
sperm + extender 1 + ethylene glycol; Ex2D: sperextender 2 + dimethyl sulfoxide;

EX2E: sperm + extender 2 + ethylene glycol.

Fig. 3.Fertilization percentages with fresh and dry iogpreserved pejerrey sperm in straws
or cryovials. The values correspond to the meand&.Bars with different letters are
significantly different (p < 0.05), n=4. Ex1D: sper extender 1 + dimethyl sulfoxide; EX1E:
sperm + extender 1 + ethylene glycol; Ex2D: sperextender 2 + dimethyl sulfoxide;

Ex2E: sperm + extender 2 + ethylene glycol.

Fig. 4.Motility indexes with fresh and liquid nitrogenyopreserved pejerrey sperm in straws
or cryovials. The values correspond to the meand&.Bars with different letters above are
significantly different (p < 0.05), n=4. Ex1D: sper extender 1 + dimethyl sulfoxide; EX1E:
sperm + extender 1 + ethylene glycol; Ex2D: sperextender 2 + dimethyl sulfoxide;

Ex2E: sperm + extender 2 + ethylene glycol.

Fig. 5 Fertilization percentages with fresh and liquidagen cryopreserved pejerrey sperm
in straws or cryovials. The values correspond ¢ortiean=S.E.M. Bars with different letters

are significantly different (p < 0.05), n=4. Ex18§perm + extender 1 + dimethyl sulfoxide;



EX1E: sperm + extender 1 + ethylene glycol; Ex2perm + extender 2 + dimethyl

sulfoxide; Ex2E: sperm + extender 2 + ethylene gjlyc
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