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Abstract — A sperm cryopreservation protocol adapted from turbot, was tested on sea bass using either 250-uL straws or 1.5-mL
cryovials. A dilution to 1/3 in Mounib's extender and a cooling rate of ~65 °C-min™' allowed frozen sperm to recover an initial
motility similar to that of fresh sperm at thawing; however, significant differences in motility (P < 0.001, n = 10 fish semen) were
observed at further post-activation times, the motility decrease being faster in thawed sperm. At the experimental scale, triplicate
inseminations of 2-mL aliquots (approximately 2 000 eggs) showed a significant fertility decay of thawed sperm compared to that of
fresh sperm (P < 0.01, n = 12 fish semen) when a discriminating 35-10° spermatozoa to egg ratio was applied. When 70-10° and
200-10° spermatozoa per egg were provided in the same experimental conditions, no significant difference appeared between the
fertilisation rates of fresh and thawed sperm. In order to validate the procedure for production or cryobank purpose, a scaled-up
protocol was established. Two and 50 mL batches of eggs (approximately 2-10° and 50-10° eggs, respectively) were inseminated in
triplicate using either fresh or thawed individual sperms of 5 males with 200-10° spermatozoa per egg. The mean fertility decreased
by 23.5 % due to cryopreservation. This decline was explained by the loss of fertility of only one sperm, and only in large-volume
conditions, probably due to the delay of use after thawing. © Ifremer/Elsevier, Paris
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Résumé - Cryoconservation du sperme du loup (Dicentrarchus labrax) en conditions expérimentales et application & la
production. Un protocole de cryoconservation du sperme mis au point chez le turbot a été appliqué au loup en petit (250 pL) et
grand volume (1,5 mL). Dilu¢ dans le milieu de Mounib et congelé par une baisse de température de -65 °C-min™!, le sperme a
présent¢ a la décongélation une motilité initiale comparable a celle du témoin, mais une chute de motilité significativement supé-
rieure ( < 0,001, n=10) aux temps d’observation ultérieurs. L’insémination de petits volumes (2 mL, soient approximativement
2 000 ovules) a I'aide d’un nombre limitant de 35 000 spermatozoides par ovule, a révélé une baisse significative de la fertilité du
sperme décongelé (p < 0,001, n = 12 spermes de males différents). L’apport de 70 000 ou 200 000 spermatozoides par ovule dans les
mémes conditions expérimentales a permis de masquer la différence de fertilité entre sperme frais et sperme décongelé. Un plan
d’expérience a &t réalisé pour étudier Vefficacité de la cryoconservation & ’échelle de la production ou d’une banque de sperme.
Des triplicats de 2 et 50 mL d’ovules (2 000 et 50 000 ovules respectivement) ont été inséminés a raison de 200 000 spermatozoides
par ovule. L’opération a €t renouvelée avec le sperme frais et congelé de cing méles différents. Le taux de fécondation  l'aide de
sperme décongel€ a €été inférieur de 23,5 % a celui da au sperme frais. Cette baisse est expliquée par la perte de fertilité d'un seul
sperme et uniquement dans les conditions de grand volume, probablement due au délai d'utilisation du sperme aprés décongélation.
© Ifremer/Elsevier, Paris
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1. INTRODUCTION

Cryopreservation of sperm will play a crucial role in
the improvement of broodstock management of cul-
tured fish species. Most previous work has dealt with
salmonids, carps and tilapias. A few marine species
were also studied. The multiple methods tested have
led to variable results even within the same species.
However, some general trends appear. Cryopreserva-
tion decreases sperm fertility. The results are highly
variable both between and within methods [3, 23].
Moreover, variations were found among individuals
and even between the ejaculates of the same male [17].
Marine fish sperm seems to withstand better cryotreat-
ment [25] probably due to a high cholesterol/phospho-
lipid ratio in sperm membrane [5], initial ATP content
and other uncontrolled factors [19].

Recently, a simple cryopreservation protocol for tur-
bot (Psetta maxima) spermatozoa yielded high post-
thaw motility and fertilisation rate [4]. For this species,
the motility and hence the fertility of fresh spermato-
zoa is high for several minutes after activation [28],
probably due to the ability of sperm to regenerate ATP
by de novo oxidative respiration [4].

Sea bass sperm is highly concentrated [31], its
motility does not vary between males but it may be
altered by ageing at the end of the reproductive season
[2]. The duration of sperm motility is very short com-
pared to that of turbot so that no fertilisation occurs
30 s after sperm activation. As in other marine fish, sea
bass sperm motility is triggered by a hyperosmotic
shock. Lastly, ten times more spermatozoa than in tur-
bot are needed to obtain an optimised fertilisation. In
the present paper, the turbot cryopreservation method
was extended to sea bass sperm which presents very
different biological features. Moreover, since large
scale cryopreservation experiments are scarce {13, 30]
and since such a technique may be very useful for the
development of sea bass aquaculture, particular atten-
tion was paid to the comparison between laboratory
and pre-industrial scales.

2. MATERIALS AND METHODS

2.1. Gamete collection

This study was carried out on a broodstock of
90 fish, 20 % of which were hatchery reared. Fish were
placed in 2 tanks containing 1.5 to 3 kg wet weight
males and 2 to 5 kg females. The sex ratio was 2/3
(male/female). The stocking density was 10 kg-m™,
The flowing rate was 15 % of the tank volume per
hour. Sea bass were daily fed ad libitum with pellets
and fresh trash-fish was provided once a week. Stocks
were subjected to controlled cycles of temperature
(minimum-maximum: 13-22 °C) and photoperiod (8~
16 h) with twice-a-week adjustments simulating circ-
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annual natural conditions. The female spawning sea-
son started at the same date plus or minus 5 d over a 5-
year period.

When handled, animals were anaesthetised using
100 to 120 g-m™ phenoxy ethanol. For each experi-
ment, semen was collected during the spawning period
of the females. After drying of the genital area, sperm
was collected in 2-mL syringes by a gentle pressure on
the testis and sperm ducts. Faeces and urine (checked
by colour and viscosity variations) were discarded.
Then, sperm samples were stored at 4 °C on ice, until
used. Sperm concentration was determined, after dilu-
tion (1:500) in distilled water, by spectrophotometry
(Beckman DU600) at a 260-nm wavelength using the
equation SC = (0.806 OD - 0.032)108, where SC and
OD are respectively sperm concentration (spz-mL™")
and optical density.

For egg collection, females were isolated, at 13 °C
in individual tanks (1 m®). Eggs were collected by
stripping 72 h after a single injection of 10 pg-kg™ of
D-Trp6 LHRHa (Sigma Chemicals, St Louis, MO,
USA). As described in Fauvel et al. [6], the quality of
ova was estimated from their morphological features
under a dissecting microscope.

2.2. Development of cryopreservation methods

The freezing diluent was Mounib’s medium comple-
mented with 10 % dimethyl sulfoxyde and 10 mg-mL™!
bovine serum albumin [4] (fable I). Sperm was first
diluted to 1/3 (v/v) in freezing diluent, and was quickly
shaken and immediately placed in straws or cryovials.
The dilution was not allowed to equilibrate but was
directly subjected to freezing protocols. Two cooling
protocols were used taking into account the different
volumes of sperm to be stored. Small volumes were
frozen in 250-pl. straws according to the method
developed for turbot by Dreanno et al. [4]. Straws
(LM.V., France) were placed for 15 min on a tray in
nitrogen vapour, 6.5 cm above the liquid nitrogen sur-
face. Larger samples were poured into 1.5-mL cryo-
vials (Nalgene). The cooling rate was assessed by
placing a thermocouple in empty straws or cryovials;
temperatures were noted every 15 s for 1 min, every
30 s for 2 min and every minute until 16 min passed.
The procedure was repeated three times for each freez-
ing protocol. Finally, in order to obtain a cooling rate
similar to that obtained in small volume straws, cryo-
vials were directly immersed for 15 s into liquid nitro-
gen, then were laid on a tray 2 cm above liquid
nitrogen for 15 min before being dropped back into
liquid nitrogen. The variations of temperature of sperm
during cooling were assessed by the same procedure
with the thermocouple placed in sperm samples; straws
were thawed in a waterbath at 35 °C for 5 s, whereas
cryovials were thawed under agitation, in a 50 °C
waterbath for 1 min.
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Table I. Composition of extenders for sea bass sperm*.
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Components

Mounib’s modified medium

Non-activating medium Activating medium

NaCl (mg-mL™")

KCl (mg:mL™")

MgCl, (mg-mL™")

CaCl, (mg-mL™")

NaHCO, (mg-mL™") -
KHCO, (mg-mL™) 10.01

Reduced gluthatione (mg-mL™") 1.99

Glucose (mg~mL“’) -

Sucrose (mg-mL™") 42.78

BSA (mgmL™) 10

Diluent Distilied water
pH 7.8

Osmolality (mOsm-kg™") 310

35

0.11
1.23
0.39
1.68

0.08
10 10
distilled water Seawater (salinity: 38 g-L. ™)

17 8.2
310 1 160

* Chemicals from Sigma Chemical Co., St Louis, MO, USA.

2.3. Motility assessment

Because frozen-thawed sperm were first diluted to 1/3
(v/v) in freezing diluent, the motility of samples was
quantified using a direct dilution method: 1 pL of
diluted semen was added to 300 puL of an activating
medium (table ) so that the final dilution was 1/900.
For fresh sperm, freezing diluent was replaced by a
non-activating medium (table ). The percentage of
motile spermatozoa was assessed by two observers,
every 10 s after activation, using an arbitrary scale of
6 classes where O represented no motile cells, 1:
1-20 %, 2: 20-40 %, 3: 40-60 %, 4: 60-80 % and 5:
80-100 % of spermatozoa showing progressive move-
ment. The flagellar beat frequency and the velocity of
fresh and frozen-thawed spermatozoa were assessed
according to Dreanno et al. [4], using respectively
14 sperm samples from 3 males and 30 tracks of sper-
matozoa of each sample, in either fresh or frozen-
thawed status, collected from 3 males. All the observa-
tions were done at room temperature (18 °C).

2.4. Insemination

The fertilising ability of fresh and frozen-thawed
small volumes of sperm collected from 6 males was
compared using the following experimental protocol.
Fresh sperm were prepared by direct dilution to 1/10
(v/v) in non-activating medium. For cryopreservation,
sperm were diluted to 1/3 (v/v) in Mounib’s medium
before freezing and 1/3.3 (v/v) in non-activating
medium at thawing (resulting dilution of thawed sperm
being similar to that of fresh sperm). Triplicate 2-mL
batches of ova were inseminated using adjusted vol-
umes of diluted sperm (from 10 to 85 pl.) so as to
obtain three different spermatozoa:egg ratios (35-10°,
70-10° and 200-10%, respectively considered as a dis-
criminating ratio, an optimum ratio and a secure ratio).
Frozen sperm samples were thawed and diluted indi-
vidually just before insemination in order to avoid a
possible decrease of fertility due to the post-thaw
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delay. Fertilisation was triggered by the addition of
1 mL seawater (38 g-L.7'; 13 °C).

The fertilising capacity of ‘small’ (200 pL) and
‘large’ (1.5 mL) volumes of frozen-thawed sperm was
compared. Five individual sperm samples were cryo-
preserved using the following two freezing protocols.
Fresh and frozen-thawed ‘small’ sperm samples were
laid on triplicate 2-mlL batches of eggs, following the
insemination protocol described above. ‘Large’ vol-
ume frozen sperm samples were thawed all together;
triplicate 50-mL batches of eggs were inseminated
adding either fresh (diluted to 1/3 with non-activating
medium) or frozen-thawed (diluted to 1/3 with
Mounib’s medium) sperm (final dilution 1/3 for both)
and 25 mL seawater. Sperm sample volume was indi-
vidua]]y adjusted in order to provide a constant
200-10° sperm:egg ratio.

2.5, Statistical treatment

Data are expressed as mean + SE. Motility classes of
fresh and frozen-thawed sperm were compared using a
signed rank test (Wilcoxon test) for each post-activa-
tion time. The slopes of linearised decrease with time
of the flagellum beat frequency of fresh and frozen-
thawed sperm were compared using a covariance anal-
ysis (ANCOVA). After angular transformation, the
comparison of the mean fertilisation rates was per-
formed by a two-way ANOVA with sperm/egg ratio
and sperm status as factors and individual males as
blocks. When differences were significant, a Student-
Newman-Keuls a posteriori test was used for compari-
son. In order to evaluate the individual response of the
different sperm to the different cryopreservation proto-
cols, mean fertilisation rates were compared using
three-way ANOVA in which individual semen were
taken as a factor of variation. The Student-Newman-
Keuls test was applied within groups in which no sig-
nificant interaction was found. The statistical analysis
were computed using Sigmastat software (SPSS Inc.,
Chicago, IL, USA).
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3. RESULTS

3.1. Temperature curve at freezing

The deposition of 150-uL opened straws at 6.5 cm
from the surface of liquid nitrogen for 15 min resulted
in a linear decrease of temperature from 22 to -60.5 °C
(** =0.97) in straws at a cooling rate of 64.9 °C-min™'
(figure 1). A quite similar temperature profile was
obtained with the protocol designed for 1.5-mL empty
cryovials. The cooling rate was 61.0 °C-min™'. The
temperature decrease stabilised at —95 °C after 12 min.
When the thermocouple was placed into containers
with diluted sperm, the temperature profiles were mod-
ified due to cristallisation. The seeding point occurred
at 10 s/-5 °C in straw and 12 s/~11 °C in cryovial and
the temperature surges were respectively up to =0.9 °C
and -2 °C. The temperature decrease in cryotube was
slower but more regular than in straw so that the
variations after 3 min (-60 °C) were similar for the dif-
ferent containers. The decrease slowed down to zero at
-93 °C and then the temperature remained stable for
5 min. The temperature dropped abruptly to —193 °C
when straws or vials were dropped into liquid nitrogen.

20 4 Air: straw and cryovial —— Sperm: straw (250 puL}
~ — Sperm: cryovial (1.5 mL)

204
-40

-60 1

Temperature (°C)

-80 A

-100 -

-120 e T T T T T — T
01 2 3 4 5 6 7 8 9 1011 1213 14 15 16
Time (min)

Figure 1. Temperature decays recorded for the different freezing pro-
tocols.

3.2. Effect of freezing-thawing on sperm motility

No significant difference was found between fresh
and frozen-thawed sperm motility classes 10 s after
activation (figure 2). However, frozen-thawed sperm
motility was significantly lower (P < 0.001) the longer
the delay after activation. In any case, the total motility
duration was less than 40 s for frozen-thawed sperm
while fresh sperm might present motile cells for 50 s.

The regressions of the flagellar beat frequencies
(after log transformation) of fresh and frozen-thawed
sperms with time between 5 and 35 s after activa-
tion, obeyed the following equations respectively:
y =-0.0507x + 441, r* = 0.59; P < 0.001 and
y =-0.0599x + 4.49; /2 = 0.77; P < 0.001 (figure 3).
Neither slopes nor origins were significantly different.
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Therefore, the decrease of fresh and frozen-thawed
sperm beat frequency can be represented by a common
linear regression with —0.0555 as a slope and 4.46 as
an origin.

Fresh sperm straight and curvilinear velocities
decreased from 110 to 20 pm-s’1 between 5 and 45 s
after activation, respectively (figure 4). After cryo-
preservation, both initial velocities were significantly
lower than those of fresh sperm, whereas they were no
longer different 30 s after activation. A significant dif-
ference was observed again for curvilinear velocity at
40 and 45 s.

3.3. Effect of freezing-thawing on fertilisation
for different sperm availability per egg

The two-way ANOVA did not reveal any significant
differences in mean fertilisation rates due to the levels
of sperm to egg ratio and sperm status (fresh/thawed;
figure 5). However, there was a significant interaction
between these factors (P < 0.01). The comparison of
the fertilisation rates resulting from fresh and thawed
sperm for the different sperm:egg ratios by one-wa
ANOVA revealed that only insemination with 35-10
thawed spermatozoa per egg yielded a significantly
lower fertilisation rate (P <0.01) than fresh sperm at
the same concentration and fresh and thawed sperm at
higher sperm:egg ratios.

3.4. Effect of freezing-thawing on fertilisation in
different scale inseminations with sperm in excess

The comparison of mean fertilisation rate by two-
way ANOVA with freezing and insemination volume
as factors, revealed no significant difference due to the
scale of the insemination procedure but it showed that
frozen sperm gave significantly lower fertilisation rate
than fresh sperm (P < 0.05; table II). There was no sig-
nificant interaction between factors.

The comparison of fertilisation rate by three-way
ANOVA with individual fish semen, sperm treatment
and scale of insemination as factors, showed a signifi-

r 80-100%

- 60-80%

+ 40-60%

- 20-40%

Motility class
Motile sperm (%)

I- 0-20%

Time (s)

Figure 2. Changes in fresh and frozen-thawed sperm motility with
time (n = 10).
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Figure 4. Changes in fresh and frozen-thawed spermatozoa motility
with time after activation. Stars show times for which a significant dif-
ference was found between fresh and frozen sperm velocities (r = 90).
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Individual male semens

Figure 6. Mean individual fertilisation capacity of fresh and thawed
semens subjected to two different scale freezing and insemination pro-
tocoles (n = 3). The semens were individually collected from five dif-
ferent males identified by capital letters
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Table I1. Combined effects of cryopreservation and upgrading on the sperm’s ability to fertilise.

Egg/(sperm/ov)/seawater

Fertilisation rate = SD

Loss due to freezing-thawing
(%)

Fresh sperm Frozen sperm
2 mL/200-10%/1 mL 69.7 £ 0.7 62407 10.5
50 mL/200-10%/25 mL §0.9 + 0.7 68.8£0.7 23.5

cant interaction between the three factors (P < 0.001;
figure 6). The Student-Newman-Keuls test revealed a
difference of fertilisation rate between fresh and frozen
sperm solely in the combination: ‘male E/large volume’
and an increase due to scaling up in males C and D.

4. DISCUSSION

In the present work, sea bass spermatozoa was
successfully frozen, following the cryopreservation
method developed in turbot [4]. This method used
Mounib's extender which has been used for spermato-
zoa cryopreservation since 1968 in plaice (Pleu-
ronectes platessa) [22], Atlantic salmon (Salmo salar)
and cod (Gadus morhua) [18]. Proteins were added to
the extender in order to prevent damages to the plasma
membrane as suggested by Scott and Baynes [25] and
Harvey et al. [9, 10]. Adding egg yolk to Mounib’s
extender improved the fertilising capacity of frozen-
thawed spermatozoa of rainbow trout (Oncorhynchus
mykiss) [12]. Dimethyl sulfoxyde, used as a permeat-
ing agent in many other fish species [26], was also effi-
cient for freezing sea bass sperm. Semen was diluted to
173 (v#v) before freezing since lower predilution rates
may decrease post-thaw fertility in salmonids [11].
However, the predilution was not found to affect tilapia
sperm survival [24]. In the present work, whatever the
sperm volume treated and the container used, the cool-
ing rate applled to samples was comprised between 60
and 65 °C-min™'. The resulting temperature curve in
sperm samples showed a difference between the vol-
umes subjected to the protocols. The decrease was
similar until the seeding point, but the cristallisation
was longer in large samples so that the latency before
further cooling was longer. This cooling rate is
reported to be important for freezmg success; however,
it ranges from —1 to -35 °C-min™ for rainbow trout
[15, 25}, to =20 to —~150 °C-min™' for black grouper
(Epinephelus malabricus) [7] and yellowfin seabream
(Acanthopagrus latus) [8], and —20 to-80 °C-min~' for
mamimalian sperms [30]. Some authors recommend
having an equilibration time after predilution, allowing
dimethy! sulfoxyde to penetrate the spermatozoa
before freezing |21, 27]. However, such a delay was
not observed to improve cryopreservation success in
trout [11, 26]. Sea bass sperm was not allowed to
equilibrate with freezing medium in the present work.

Sea bass sperm motility was affected by the freez-
ing-thawing procedure: although not altered for the

first time point, the proportion of motile cells (motility
class) decreased faster with time in thawed sperm sam-
ples than in fresh ones. Furthermore, the duration of
movement and velocities were also affected. Similar
modifications of motility parameters of frozen-thawed
spermatozoa were reported in rainbow trout [11] and
amago salmon (Oncorhynchus masou ishikawae) [20].
In turbot, the percentage of motile cells was signifi-
cantly altered by the cryopreservation process, but nei-
ther velocity nor movement duration were decreased
[4]. However, as in Siberian sturgeon (Acipenser baeri)
[29], sea bass sperm flagellar beat frequency was not
affected by the cryopreservation process. The decrease
of straight line velocity of frozen-thawed spermatozoa
could be explained by a modification of trajectories as
is the case in rainbow trout [11].

At laboratory scale (2-mL egg batches), the insemi-
nation with 35 000 spermatozoa per egg was sensitive
to variations of sperm fertility. Under these conditions,
the fertilising capacity of frozen-thawed sea bass sper-
matozoa was decreased compared to fresh sperm. This
can reflect the change in motility parameters observed
after the freezing process. However, this fertility decay
can be compensated by providing a higher sperma-
tozoa to egg ratio for which no significant decrease
was noted. As a consequence, the optimum ratio of
70 000 spz/egg does not theoretically need to be
increased for inseminations using frozen-thawed sper-
matozoa. On the contrary, a five- to ten-fold higher
ratio of frozen spermatozoa is necessary in salmonids
[11]. Higher amounts of frozen spermatozoa are also
required in yellowfin sea bream (Acanthopagrus latus)
[8] and in turbot [4].

Large scale cryopreservation protocols for produc-
tion purposes have been tested [1, 14]. In rainbow trout
[30] and European catfish (Silurus glanis) [13], sperm
have been successfully frozen in large straws (4.5-
5.0mL). In sea bass, the upgrading from 250-pL
straws to 1.5-mL cryovials was successfully performed
although sample temperature decay was altered. The
upscaling from 2-mL to 50-mL insemination batches
of eggs usmg respectively straw and cryovial sperm
with 200-10° spermatozoa per egg, did not modify the
resulting fertilisation rates. However, the freezing pro-
cess significantly appeared to affect fertilisation when
compared to that of fresh sperm. A more discriminat-
ing analysis using individual semen as a factor of vari-
ation showed that only one large scale sample of
semen out of five presented a lower fertility at thawing,

Aquat. Living Resour. 11 (6} {1998)
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Since no significant difference was observed in small
scale experiment for this particular semen and since
the sperm was the last to be used after common thaw-
ing of five sperms, the failure may be due to an exces-
sive delay between thawing and insemination.
Nevertheless, the failure of one or more sperm may be
due to the heterogeneity of response to cryopreserva-
tion between males [16] and between ejaculates of a
given male [17].

In conclusion, Mounib’s freezing diluent, the initial
dilution and the cooling rate defined for turbot sperm
freezing revealed to be adequate for sea bass sperm
both at experimental and production pilot scale. In
addition, 1.5-mL cryotubes can be successfully used as
sperm freezing containers. Such tubes are particularly

393

useful for sea bass cryobank purposes since the aver-
age sperm concentration is about 50-10° spermatozoa/
mL in sea bass, the fertilisation of 100 000 eggs,
approximately contained in 100-mL spawn volume, by
frozen-thawed sperm will require the use of 400 pL
native sperm, i.e. 1.2 mL diluted frozen sperm.

For mass production purposes, it will be more secure
to blend different sperms either before or after cryo-
conservation in order to limit the effect of heterogene-
ity as recommended by Legendre and Billard [12] and
Maisse [16]. In case of specific individual crosses
needed for genetic designs, it should be useful to test
each sperm cryopreservation ability by using labora-
tory-scale inseminations.
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