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Overview

Why are we cryopreserving sperm?
Identification of the problem
Possible solutions to the problem

Does standardization limit scientific freedom?
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Why do we develop methods?

* To be used in aquaculture practice

— to assist reproduction in

aquaculture

— to be applied to selective breeding

programs

— to be applied to conservation of

genetic resources




Use of cryopreservation
methods in aquaculture

* Very limited

* Applied on an individual basis

* Reasons:
— sperm is seldom a limiting factor
— limited use of selective breeding

— lack of standardization
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Standardization problems

PATAN

Method Replication
development problems




Standardization problems

e Definitions
 Methods

 Publications
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Typical problems

Extenders

Dilution ratios

Sperm Refrigeration and Cryopreservation

Fish milt was dilute an extender solution and stored at 4°C for 1 or 2 days. Four
commonly used freezing sdblutions were selected in which high sperm survival has m};viously C ry0 p rOte Cta nt
been reported: Steyn’s medium containing 11% dimethyl sulphoxide (DMSO) (S1) or 9%
glycerol (S4), and modified Mounib’s medium containing 8% DMSO (M3) or 5% DMSO + :
5% glycerol (M4) as cryoprotectants (21, 22, 29). A 10% Fresh Fen's 6gg yoIK Was 80087 to concentrations
both Mounib’s media. - -
tion. Sperm were diluted 1:5 (sperm: extender)
in a Kurokura-1 (16) extender (128.4 mM NaCl,

Fresh semgfi ™as gently mixed with the freezing solution at a ratio o Q or Steyn’s
i R i 7 2 ; 2.7 mM KCl, 1.4 mM CaCl,, 2.4 mM NaHCO,
media (29) and @h modified Mounib’s media (22). Aliquots of 300 pL ofspérm/freezing .t dr:quilibraled fr:r 40 ;:ﬁn at 4°C. Ten E;menz

media were pi gited into sterile 1_3 mL cryﬂtubes (Nunc-, USA), equihb.mted for § ml!l at pure dlmelhyl sulfoxide (MC:SO) was added

room- tmmm and frozen using a two-phase freezing procedure in a computerized and every milliliter of mixture was transferred

freezing unit (Orthodyne PTL P2D). In the first stage, they were cooled with liquid nitrogen to a 2-ml cryotube, and then the cryotubes were

(LN) vapor fl‘Ol]l room mmm to -5°C at 8°C/min. After a 4 min pause, Cﬂoling direclly transferred to a preprogrammed

continued to -80°C at 8°C/min (29). Samples were subsequently stored in LN. PLANER Kryo 10 series Il at +4°C and
cooled from +4 to —9°C at a rate of 4°C. min '
and then from —11 to —80°C at a rate of
11°C min ', held for 6 min at —80°C, and fi-
nally transferred into liquid N,. The spermato-
zoa were thawed in a water bath at 35°C for
110 s.
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Problems with definitions

 Extenders

— What is an extender?

» Cryoprotectant concentrations

— In percentages or molars?

— Relative to the final dilution or to the extender?

e Dilution ratios

— Are they meaningful?

— Sperm as a substance or sperm as a concentration of cells
: DEPARTMENT OF AQUACULTURE




Problems with methods

zero time (7). Sperm concentration was determined by

counting cells in physiological solutiop—at—a_ final
dilution of 1:1000 by means of *‘:ﬂ@ ell
haemocytometer under an Olympus microscope BX

41 (400x). The mean number of spermatozoa counted
in 16 squares of the Burker cell was finally expressed as
number of spermatozoa per unit volume.

The sperm dose used was 8.5 X 10° spermatozoa/egg with fresh sperm, and 1

with frozen one (the spermatozoa concentration was determined using a

chamber, three lectures were done per sample, and for each lecture, three differen

of the chamber were recounted). Sperm was poured in a homogeneous way over the




Problems with methods

« Sperm concentration determination

— Which method to use?

» Sperm cryopreservation methods
— Equilibration
— Handling of straws

— Polystyrene box or controlled-rate freezer

e Calculation of fertilization and hatch rates
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Problems with methods

The following motility parameters were chosen to evaluate sperm quality: rate of
motile, locally motile, and immotile cells (%); averaged path velocity (VAP, um s~ ');
lateral head displacement (ALH, pum); and linearity (%) of motile sperm. Sperm were
classified as motile sperm when the VAP was higher than 30 um s ~ ' and locally motile
sperm as sperm with a VAP from 10 to 30 um s ~ *. In the present paper, motile and locally
motile cells are added up to “total motility” rates. Linearity is defined as straight-line
velocity (VSL) divided by curve-linear velocity (VCL) as a percentage, which indicates
that the higher the value is, the straighter or more linear the sperm path.

» Osmolality measurements

— Wapor pressure or freezing point-

depression osmometer?

CASA measurements
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Problems with publication

» Lack of guidelines or good laboratory practices
» Lack of standard procedures

* Lack of definitions
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Problems with the industry

» Standards exist but are they applicable to aquaculture?
» Lack of branding

» Lack of quality control

DEPARTMENT OF AQUACULTURE




Is there really a problem with the industry?
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Standardization

« Standardization of definitions
« Standardization of protocols

« Standardization of reporting
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Standardization of definitions

EIFAC H

F'OW"'th roug h TEcnﬁg.En;
and recirculation

systems
Report of the working group

on terminology, format
and units of measurement

Holdng units
00
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1.1.8 Total alkalinity

The term "total alkalinity" refers to the total concentration of
bases in water expressed in milligrams per liter of equivalent calcium
carbonate.

Determination of alkalinity is carried out in two steps. First,
by titrating with standard acid against phenclphthalein and second by
titration against methyl orange indicator. The total amount of acid
used in the titration, expressed as equivalent calcium . carbonate,
represents the total alkalinity. The amount of acid required to
titrate to- the phenolphthalein end point (pH 8.3), expressed as
equivalent calcium carbonate, is the phenolphthalein alkalinity.

1.1.1.2 Total dissolved solids
The total residue remaining after evaporation of a water sample

filtered to remove suspended matter larger than 1.0 um (see particulate
matter).

1.1.1.3 Dissolved volatile solids
The residue from the total dissolved solid analysis is ignited at

550°C and the weight loss is determined. This measurement indicates
the concentration of dissolved organic substances.

1.1.1.4 Total volatile solids

The quantity is the weight .loss upon ignition at 550° C of the
residue from the total solids analysis.. . However, the majority of
investigators (at least outside. the US) use ashing at 450°C. Total
volatile ‘solids are a measure .of the dissolyed and particulate organic
matter. §




Standardization of definitions

Optional procedures

Standard terminology for v

Curvilinear

path

Average

Examination and processing
of human semen

VSL =

Straight-ine path

VAF, average path velocity (um/s). Tim
This path is co

t (m). Magn of lateral dis:
enl of 2 sperm head about its average path. It can be expressed as a
maximum or an average of such displacement g CASA instrum
compule ALH using different algorithms, so

among systems

LIN, linear

World Health ats of 1

N . trajectory.

Organization ajectony
erent CASA instruments use different mathematical aigorithms to com

pute many of these movement variables. The comparabity of measurements
across all instraments is not yet known.
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Standardization of protocols

Several freezing and sperm bank manageme rotocols are available (Mortimer

20

04; Woll, 1995). Several cryoprotectants are available commercially. Delails of a

commonly used cryoprotectant, glycerol-egg-yolk-citrate (§EYC), and machine-

6.2.1 Standard

ntrolled or vapour freezing are given below.

rocedure

6.2.1.1 Preparing the GEYC cryoprotectant

To 65 mi of sterile purified water add 1.5g of glucese and 1.3g of sodium
citrate tribasic ¢ te

Add 15 mi of glycerel ang mix thoroughly

Add 1.3p of glycine. When dissolved, filter the solution through a 0.45-um pore
filter

Add 20 ml of fresh egg yolk (preferably obtained Irom specific pathogen-lree
€gos): wash the egg anc re
peregg).

Place the whole suspension in a water-bath at 56 °C for 40 minutes with occa
sional swirling.

Check the pH of the solution. If it is outside the range 6.8-7.2, discard the
solution and prepare a new one, in case incorrect ingrecienls or amounts were
addec

Bacterial culture for sterility testing can be performec at this stage.

Testing for sperm toxicity can be performed at this stage.

Dispense the solution in 2-ml aliquots in a sterile work cabinel and store at
70°C.

Stock solutions

To 750 ml of purified water add 8.09 of sodium chioride (NaCl), 0.4 of potas-
sium chioride (KCI), 0.35g of socium bicarbonate (NaHCO,), 0.185g of calcium
chioride cihydrate (CaCl,-2H,0), 0.1g of magnesium chlorice hexahydrate
(MgCl,-6H,0), 0.1 g of magnesium sulfate heplahydrate (MgS0,-7H.0), 0.06¢
of potassium cihydrogen phosphate (KH.PO,), 0.048¢ of sodium dihydrogen
phosphate (NaH,P0,) and 1.0 of o-glucose.

2. Adjustthe pH 10 7.4 w ogium hycroxige (NaOH)

3. Make up to 1000 ml with purified water.

Qriginal formulation (Quinn ¢t al., 1985);

1. To 750 ml of purified water add 5.931¢ of sodium chioride (NaCI), 0.35p
of potassium chioride (KCI), 0.05g of magnesium sulfate heplahydrate
(MgS0,7H;0),0.05p of p rogen phosphate (KH,P0,). 21gof
sodium bicarbonale HGO,). 0.5¢ of o-glucose. 0.036¢9 of sodium pyruvate,
0.3 ¢ of calcium chloride dihydr CaCl,-2H,0) anc 4.09 of sodium ou-lactate
0% (vA) Syrup!

2. To 1ml of the above medium add 10ug phenol red, 100 U penicillin and 50 ug
streptomycin sulfate

3. Adjust the pH to 7.4 with 1 mol/l hydrochloric acid {HCI)
4. Make up to 1000 ml with purified water.

Note 1: For incubation in air add 20 mmol! Hepes (Na salt: 5.21 /) and reduce
NaHCO, 1o 0.366 9/
Note 2: For density gradients (see Section 5.5.1): prepare a 10= concentrated stock
solution by using 10 times the specified weights of the compounds, except for the
bicarbonate, pyruvate and lactate. After preparing the gradient, supplement 100m|
with 0.21g of NaHC 0., 0.0036¢ of sodium pyruvale and 0.4 g of sodium factate.

gium

Krebs-Ringer medium (KRM) without phenol red

1. To 750 ml of purified waler add 6.9 of sodium chioride (NaCl}, 219 of sodium
bicarbonate {(NaHC0,). 0.35¢ of polassium chioride (KCI), 0.32¢ of calcium
chioride gihydrate (CaCl,-2H,0), 0.18 g of sodium gihydrogen phosphate diby
drate (NaH,PO,.2H,0). 0.1 g of magnesium chioride hexahycrate (MgCI,.6H,0)
anc 0.89 of o-glucose.
Adjust the pH 10 7.4 with 1 mol/l sodium hycroxige (NaOH

Make up to 1000 mi with purified water.




Standardization of protocols
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Adopted by the Council on 17* July 1992

H Taxicity T

1. ™

based on &

icity. The proposs] was discussed
dom ) in November 1988,

o in

i £
roup, the extersion of the concentralion range by allowng &
d the introduction of & limit test at 100 mg/l of test sbstance

3 The fish are exponcd 1o the test substance preferably for 2 period of 96 hours. Mo
recorded at 24, 48, 72 and 96 bouss snd the concentrations which kill S0 per cent of the fi
are determined where possible

INFORMATION ON THE TESTSUBSTANCE

et substance may oocu
YALIDICY OF THE TEST
6. For & lest 10 be valid the following conditions should be fulfilled

ty m the control(s) should rol exceed 10 per cenl (or one fish if less thin
the end of the test;

FAO Guidelines for the
Cryoconservation of
Animal Genetic
Resources

(Draft)
FAO
Rome, Italy
2010
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Standardization of reporting

RECOMMENDED GUIDELINES FOR THE DESCRIPTION OF CULTURE SYSTEM OPERATION

1. Total Systems
1.1 Total water volume of system

Describe whether or not this figure includes water masses
contained in pipes, sumps, reservoirs, pumps, etc. Water flow rates
and/or retention times should be provided. Indicate whether total flow
is identical with the flow rate through the culture unit; flow rates
through bypass-systems must be reported.

1.2 Percentage recycling

The extensively used term "percentage recycling" is applied
variously in the literature without providing sufficient
interpretation. For example, in most of the North American literature
"90 percent recycling" means that 10 percent of the flow is exchanged
during each turnover, regardless of the time required for -each cycle
(Appendix 2, Figure 1a). Frequently the term "10-pass-system" is used
to describe operational conditions. Unfortunately, the time required
to complete a full cycle is seldom indicated. In most of the European
literature, the term "90 percent recycling" generally indicates that 10
percent of the water mass contained in the total system is exchanged
per day, regardless of the number of cycles during this time period
(Appendix 2, Figure 1b). The Working Group recommends that the term
"percentage recycling" always be defined clearly in reference to the
operation being described. It is also considered essential to indicate
the time required for the total water volume to complete the cycle. If
multiple loop systems are employed, it is of interest to report not
only calculated turnover times from pump capacity but also flow rates
to system components.

j. SZENT ISTVAN

Y B DEPARTMENT OF AQUACULTURE




Example: standardization for high-throughput cryopreservation of
hybrid catfish (E Hu, High-throughput sperm cryopreservation of
aquatic species, PhD Dissertation, Louisiana State University, 2012)

Dissection || Preparation || Inspection and || Equilibration || Freezing {Storage } Thawing
organization & packaging || and sorting ]

Buizaauy

Buipuey ysi4
$1353) JO UONIASSIQ
uonesedaud saisa)

uonoesIxa wiads
Juawssasse AJI|NOW
JUBWISSASSE UOIIBIIUIIUOYD)
wawisnipe uoneJIu3dUo)
8uidnous ajdwes
uonesqiinba juelrajosdods
JUaWSSasse uoijeiqi|inb3
Buissarold mens
Juawadeuew AJOJuaau| I i
JUAWISSASSE MBY}-1S0d

Figure 8.2. Schematic overview of cryopreservation of catfish sperm using automated processing.
The central process elements were divided into seven steps (top, connected by arrows), each step
entailed specific activities (upright rectangles) that were optimized individually by research
experiments. The optimized steps were integrated into standardized protocols (specific examples
provided at bottom in angled text).
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Example: standardization for high-throughput cryopreservation of
hybrid catfish (E Hu, High-throughput sperm cryopreservation of
aquatic species, PhD Dissertation, Louisiana State University, 2012)

Quality screening Long-term storage

= hippin
estis processing  Inspection | Grouping setup Group straws Shipping
Thawin
Handling Inspection setup Grouping and preparation Record and store —

Process Dissection Filtering Equilibration and packaging Freezing and sorting Record setup

BN DD |

Time 167612 1273 178 113 1 10
367 15 0.5

Dwp net Processing tools Pipeting Auto packaging system (MAPI) Programmable freezer Computer Water bath

Sorting tank

~

Dissection 200-pum screen Computer
Resources
table Microscope and
spectrophotometer
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Example: standardization for high-throughput cryopreservation of
hybrid catfish (E Hu, High-throughput sperm cryopreservation of
aquatic species, PhD Dissertation, Louisiana State University, 2012)

Disease | Symptoms

Qualitative Sex | Female Color | Pink/reddish Handlin | Dropped products

Specifications .
Testes | No testis Anterior | <3g Dewarlntegrne Leakage

Process Dissection || Preparation || Inspection and || Equilibration || Freezing Storage || Thawing
= = =3 =% = =3

Steps organization and package || and sorting

1007 100% 10054

Motility
Quantitative 40%
Specifications

%

$x10%cells/mi Concentration
b celly/m
Concentration fs==___ (flow cytometer) |

( b b ) 307,51 1cells/mi
absorbance
1.23x10°cells/mif*

9 880cells/ml

100%
T70%

Membrane integrity
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Acceptance by scientists

 Does it limit scientific freedom?

* Do | have to follow the published protocols?
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Acceptance by scientists

« Scientific freedom <= sloppy reporting
* No application without standardization

« Standard terms can be used as a reference and a starting point

DEPARTMENT OF AQUACULTURE




