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ABSTRACT

Methods for c:xopreservmg spérmatozoa and optimizing spermiegg dilution ratiy in
African catfish Clarias. gafiepinus were developed, Five- percent to 25% DMSO and
methanol were teste'd as. cr‘jopmtectants by diluting semen in Ginzburg fish ringer and
freezing in 1-m111111ter cryovials in a programmable freezer. To avoid an excess of
spermatozoa per egg, postthaw semen was diluted 1:20, 1:200 or 1:2000 before
fertilization. Highest hatching rates were obtained by spermatozoa. frozén in 10% methanol
and post-thaw diluted to 1:200. Then, slow freezing rates (-2; -5 or -1 0°C/min) to various
éndpoint temperatures (ramge -25 to. -70°C) before fast freezing in hqmd nitrogen (1.N3)
were evaluated, Hatching rates equal tp control (P>0.05) were obtained by spermatozoa
frozen at -5°C/min to -45 to -50°C and 4t - k0°C!m1n to -55°C. In 3-step freczing programs,

at -5°C/min, the effect of holding spermatizzoa for 0, 2 or 5 min at -30, -35 or -40°C before
fast fieezing in LN, was analyzed. Hatching rates equal 1o control (P>0.05} were produced
by spermatozoa frozen to, and held at, -35°C for 5'min and at -40°C for 2 or 5 min. Finally,
frozen spermatozoa (10% methanol, ~5°C/min, 5-min hold at -40°C, LN;, post-thaw diluted
to 1:200) were tested in on-farm fertilization conditions. Again, no difference (P>0.05) in
hatching rate was observed between frozen and fresh spermatozoa. Cryopreservation offers
utility as a routine method of spermn s%& and management for catfish.
O 2000 by Eisevier Sriance tnc. §oor a_
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INTRODUCTION

Catfishes are an sconomically important group ' of fresh end brackish water fish#~ A
worldwide. Several species have been succesafully introduced in'aquaculture (22), and the 3
African catfish, Clarias gariepinug (formerly C. lazera; 5), is perhaps the most important
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one, not only in Africa but also in S-B- ASis(e.z, Thetland) and in Europe {s.g., The
Netheﬂands)_; _

n captiviey (25 efog i
omesmualmaunityrsreached(s) However; whereas femal _canbemippedofeggs
after treatments with carp pituitary extracts (cPB; 7) or himan Chorionic Gonedotropin
{bCG;- 4, spauon and_male reproductive behavior do not-take place spontancously
(26), even after homondl merapy.z'l’oobtam speiiniitozos it is necessary to kill irialé brood
fish (17) or surgically remové part of their testes (1), Storing batches of spermiatozoa by
eryopreservation would significantly improve the reproductive potential of ile catfish,

ryopresecvation of fish spermatozoa has been the sobject of many investigations,
especuﬂy in. salmonids (e:g, 19). Siécessful cryopreservation. depends pot only on the
right choice of cryoprotectant and extender but also on the freezing protocol used.
Cryoprotectant and freezing rate together determine the damage to spermatozoa due to
intracellular ice crystallization (12). Research on sperm cryopreservation of African catfish
and related species is summarized in Table 1. African catfish spermatozoa were first
successfully cryopreserved by Steyn et al, (18), who obtained 40% motility 24 h after
storage in liquid nitrogen (LN,). Glucose in combination with glycerol has been the most
widely used cryoprotective solution. Recently, glucose in combination with DMSO was
also shown to be effective (24). Freezing rates can be rapid (e.g., pellet freezing on dry ice
or in LN; vapor; 9,13,14) or slow (e.g., at fixed rates in a programmable freezer; 16,25).
However, in most cases, sperm quality was only evaluated in terms of motility after
thawing. When fertilization was included in the evaluation, sperm:egg ratios were not
optimized and were often excessive (14). Using excess spermatozoa for fertilization
obviously masks the quality of cryopreserved spermatozoa, making comparison of
protocols difficult.

In the present paper we evaluate different combinations of cryoprotectant and freezing
protocols using defined sperm:egg fertilization ratios, with the aim of developing a reliable
protocol for catfish sperm cryopreservation under both laboratory and on-farm conditions.

MATERJALS AND METHODS
Husbandry of Brood Stock
MbmodmkofﬂreAﬁmmwﬁsh,QmmgnMﬁommeRepubhcof

theFishCu '_andFlshmes Groupat WagenmgmUmmty(éZ’N 55°B),The
Netherlands._Maturemalesmdfemaleswerelnept her titider ‘constant: tempergture
(25°C) and photoperiod (14 h of light per day) in'250-E-fectangular tanks connested to a
recirculating system. The flow rate was 8 to 12 L/min, Fish were fed trout pellets (Frouivit,
The Netherlands) at a maintenance level of 6.8% of body weight daily.
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Table 1.

Literature review on semen cryoconservation of African catfish and: relaﬁed spad’e& The da“taypmented shows
recommended treatments based on the ciurrent literature.

Catfish species Extender Cryoprotectant Container Freezing rates Hatching rates Spermatozoa Reference
%) per egg
Clarias 5% glucose 5% glycerol straw or -7°C/min to -65°C; not measured not measured 18
gariepinus bio-freeze vial LN,
5% glucose  11% glycerol 1-mL cryo tube -11°C/min to frozen: 51% 245x 10° 17
-70°C; LN,. control: 51%
4% glucose 9% glycerol  1-mL cryo tube -5and -11°C/minto notmeasured not measured 16
-70°C; LNz,
4% glucose 9% glycerol  1-mL cryo tube -5°C/min to -70°C; not measured not measured 25
LN;.
333 mmol L 10% DMSO  250-uL straw -11°C/min to not measured  not measured 24
fructose -80°C; LN,
Clarias 0.6% NaCl  10% glycerol ~ 1.5-mLtube directly to -70°C; 75% of 13.6x 10° 14
batrachus stored at -70°C control
Heterobranchus ~ Mounib 5% DMSO + 5-mL straw 20 min at 3cm frozen: 79% 50 x 10° 13
longifilis solution® 5% glycerol + above LN; level;  control: 81%
10% egg yolk LN,

# Mounib solution: (g/L) reduced glutathione 2.0; KHCO; 10.0; sucrose 42.0

g
§
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Sperm Cryopreservation

Males (1 per experiment) weighing 850 to 2300 g were anesthetized with 8 g ticaine
methanesulfonate (TMS; Crescent Research Chemicals, Phoenix, Arizona, USA) dissolved
in 10 L tap water and sacrificed by spinal transection. Testes weré removed by dissection
and perforated with a needle, and semen was gently squeczed out. Motility was determined
subjectively by mixing 1 drop of fresh seren with 2 drops of tap water and observed under
a microscope al magnification 200x. Only samples with more than 80% motile
spermatozoa were frozen. _

The mean sperm eoncentration of 10 randomtly chosen catfish males way defermined by
counting spermatozoa diluted 1:10,000 in a Biirkér cell connter (Marienfeld, Germany).

Ginzburg fish ringer (123.2 mM NaCl; 3.75 mM KCI; 3.0-.maM CaCly; 2.65 mM
Na¥CQs; pH 7.6, 244 mOsm) was used as extender and mixed with methanol or
diféthylsulphoxide (DMSO; Merck, Germany) at various concentrations in a 10-milliliter
(mL) tube. Semen was gently added at 1:10 (v/v) final concentration. Aliquots of 500
microliter (uL). of diluted spermatozoa (comtaining: 50 pL . semen) were immediately
transferred to 1-nl cryovials (Gremer Laboitechnik; Ditsseldorf, Germany) and frozen.
The equilibration time between mixing: spemnatozoa. with cryoprotective solution and
freezing was approximately 2 min at 5°C.

For each treatment (i.¢., a specific combination of cryoprotective agent; cryoprotectant
consentration, freezing rate, endpoint temperature in the first step of freezing anid hiolding
time at the mdpomt), & cryovials (replicates) were frozen in a programmable freezer
{Plzuer Kryo 10 series 3 Contrilled Rate Freezer; Middiesex, UK) and stored in LN at
-195°C for 1 to-¥ wk before being tested in fertilization trials.

Artificial Insemination and Hatching of Eggs

Female catfish, 1 per experiment, were injected with 4 mg ¢PEkg body weight and
stripped 12 b later (25°C). Eggs were kept at room temperature (23°C) while being used
and for 2 maximum of 2 h. Three cryovialg per treatment were thawed i 4 water bath &t
27°C for 5 min. The remaining 3 cryovials were-kept as backup 'samples."Aﬂet thawing,
spermatozoa from each eryovial (previously dituted 1:10) were diluted again with fresh fish
ringer to a final concentration of 1:20 {in Experiment 1A 2nd 1C), 1:200 (in.all expenmenis
-except 1A) or 112000 (in Experiment 1C).

From each sample of post-thaw diluted spemmatozoa, 2 aliquots of 100 uL were raited
with 2 portions of (.2 g of fresh eggs (approximately 150- eggs) ini a plastic Petri dish.
Fertilization was initiated by adding | mL tap water and mixing for 40 sec. The eggs were
then tansferred to a 10-cm diameter PVC basket with & 0.5-mm mesh bottom and
incubated in shallow trays at 30°C, connected to a recirculating system. Every. 30 min and
4t the end of each fertilization trial (that lasted for 2 maximum of 2 k), control egg batches
were insetningted with fresh spermatozoa, diluted in fish ringer to the same ratio as the
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frozen-thawed spermatozoa (i.e., 1:20, 1:200 or 1:2000, depending on the experiment) to
check for changes in egg quality.

Cryoprotectant Agent, Concentration and Final Sperm Dilution Ratio

In this section, 3 experiments were conducted. In the first experiment (1A),
spermatozoa was frozen in 5, 10, 15, 20 or 25% methanol or DMSO, and diluted post-thaw
to 1:20 (v/v final concentration). Based on the results of this expenment, the same design,
except for the cryoprotectant concentration of 25%, was repeated in Experiment 1B.
However, spermatozoa were dilated post“thaw to 1:200. In. Experiment 1C, spermatozoa
were frozen only in 10 or 15% methanol or DMSO and diluted post-thaw o 1:20, 1:200 or
1:2000, Tn all 3 experiments, spermatozoa were frozen at -5°C/min from +5 to -50°C,
stored-in LNy, and tested in fertlhzatlon trials.

Freezing Rates and Endpoint Temperattlres in 2-Step Freezing Programs

Four 2-step freezing programs:were. designed to define the best freezing rate and
endpoint temperature. After reaching the'target ‘endpoint (first step), sperm samples were
directly trausferred to LN; (second step). In Experiment 2A, spermatozoa were frozen at
-5°C/miin (the same rate used in the first series of experiments) from +5 to -35, -50 or
-70°C. Based on these results, in Experiment 2B the same freezing rate was used, but more
endpoints were tested: 40, -45, -50, -55, -60.or -65°C. In Experiments 2C and 2D, a slower
and a faster rate (-2 and -10°C/min, respectively) were used, and spermatozoa were frozen
from +5 to -25, -30, -35, 40, 45, -50, -55 or -60°C. ‘All sperm samples were frozen in 1%
methano] and diluted post-thaw to 1:200 (v/v final concentration).

Holding Spennatozoa at Supraoptimal Endpoints in 3-Step Freezing Programs

Based on resulis of the previous experiment, we have hypothesized that hokling sperm
samples at endpoint temperatures higher than the optimal ones (supraoptimal 1emperatures)
for a few minutes before fast freezing in LN» would increase sperm survival. To Test this
hypothesis, spermatozoa was frozen .at -5°C/min from +5 to -30, -35 or 40°C and either
transferred immediately to LN (0-min hiold) or held at the endpoint temperature-for 2 or 5
min (second step) before being transferred to LN; (third step). All sperm samples were
frozen in 10% methanol and dituted post-thaw to 1:200 (v/v.final concentration).

Cryopreserved Spermatozoa in On-Farm Conditions

Semen was obtained after surgical removal of a part of the testis from 3 adult male
catfish (4-5 vears old and about 10 kg) from farm broodstock (Ir. Fleuren, Sorneren, The
Netherlands). Spermiatozoa were frozen according to one of our best protocols {10%
methanol, at -5°C/min from +5. 19 -40°C and held for 5 min before storing in LN3) and.
diluted post-thaw.1:200 (v/v final concentration). Ten mi diluted post-thaw spermatozoa;
(50 pL semen, 1 cryovial) were mixed with 20 g eges. (3 cryovials per male), After
fauhzanon,2ahquotsof02geggsﬁ»omeachsanmleofmgweremcubaxedsepamelym
2 mesh-bottom baskets suspended in an aquarium to determine the hatching rate. The
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remaining 196 gwmub@edmax;p&«hﬁk,butmﬂusamemmmmu
the othet samples, at 30°C.

Statistical Analysis

The number of hatched larvae, as a percentage of total eggs exposed to spermatozoa,
was calculated 24 h after fertilization. For cryopreserved spermatozoa, data from 6
replicates per treatment (2 samples of 0.2 g egg per vial and 3 vials per treatment) were
pooled to calculate mean and standard deviation. For fresh spermatozoa, hatching rate data
from fertilization every 30 min and at the end of each trial were pooled to calculate mean
and standard deviation. All statistical analyses were done using the SAS 6.11 package
(SAS Institute Inc., 1990). Hatching rates from fresh and cryopreserved spermatozoa per
fertilization trial were tosted for significant differences by ANOVA- usitig the parametric
Genergl Linear Mode] procedure, foliowed by Duncan’s Multiple Range Test. The residues
froin the different ANOYA models were iested for-hormal disteibutionusing the univariate
prozedure. P-values <4).05 were considered to be significant,

RESULTS:

e

' ‘memmspmneoncenmnw,countedmw‘ o) chosm»malesiwas 34'}; 16’
(SD2:0"x 10%; range:1:8:10:7.2:%-10%) spefmafozoa fm‘- <o,

on this:valué] sp
corcentrationper vial -wes estimated as 17 x 107 3 mmm
ihsaniination ratio; 35113 % 10° 21 1:20, 113 x 1 atl:QWand!fH P gpermitozoi
per'egg 4t '1:2000 final sperm-dilution. el

Hatching rates of control groups, in the laboratory conditions, ranged from 55.7 to
94.3%. The hatchirig tate in on-Fatm conditions was 49,6%:

Cryoprotectant Agent, Concentiation and Final Sperm DiliionRittis = -

T Experiment 1A, all seniples, exeapt those“frozen in 25% methgniol; ¢
cither methanol or DMSO and diluted post-thaw to 1:20 v/v finat dilution, - produced
hatehing rates not significantly different (P>0:05) from the conirol.- However,
spmnatomawas&hﬂedpost-ﬂwwtol%ﬂvaﬁml;ﬁhﬂon_' % ént"1B); - only
samples frozen in 10% methamlpmduoedha:chingmms%)natmmﬁcmﬂy
different from control (85.2%). A significant (P<0.05) decrease in hatching rate was
observed in samples frozen in 5, 15 or 20% niethandl anid in 5t 20% DMSO(Table2).

When spermiatozoa were dilafed post-thaw to1:20 v/v finil diletion in Experiment 1C,
dﬂcm:tmhlts from Experimenit’ IA wete obbuned. Oniy mﬁles ze'n in 10% methafiol

with control (Table 3) At 1 200 post-thaw sperm litit it
the. most -effective in g spermatozos aghatng i
(P>0.05) hatching rate (58.3%) as control (55, 7%} £
samples tested produced satisfactory results: (TabieB}
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diluted post-thaw to 1:20 (Expemnent 1A) or 1:200 v/v final dduutm

{Experiment 1E).
Cryoprotectant ‘sperm dilution ratic (VA7)
contentration (%) G ' 1:200
Methanol 5 815 +61° 408 + 146™
10 823 +62° 77.8 + 10.5°
15 813 +5.1° 389 + 19.8°
20 750 + 8.0° 62+ 71°
25 0°

DMSO 5 24 37" 555 + 22.1°
10 739 +39° 38.1 + 28.4°
15 85.7 +5.1° 24.1 + 14.0°
20 81.6 + 8.7* 286 + 21.6%
25 814 + 68°

Control 774 + 32*° 85.2 + 12.6°

**Means within the same column with different superscripts are sighificantly  different
(P<0.05). -. o

Tabie 3, Hatchm5 rates (meen & SD, n=6)~as pamentage of wtal eggs jn contact with
‘spertnatozoa fized 1 10 of 15% methanol or DMSO and diluted post-thizw to
1:20, 1:200 or 1:2000 (ﬁnal dilution; Experiment 1C).

Cryoprotectant Final sperm dilution ratio (v/¥)
goncenirafion (%) 120 1:200 T 1:2000
Methanol 10 600 £ 887 583 £ 66° 253 + 224°

15 520 + 2.5% 436 1 129" 17.5 + 9.0°

DMSO 10 483 1 6.0° 954+ 51° 15+11°

15 381 & 53¢ 158+ 37° 0.3 £ 04%.
Control 659'+ 147" 55.7 + 12.8% 581 + 163*

*“ Means within the:same column with different superscripts are significantly different
(P<0.05).

Freezing Rates and Bﬁdpoim- Temperatures in 2-Step meg Programs
In Experiment 24, when a freezing rate of -5°C/min was used, spenmatozoa ﬁ:ozeuto

-35°C (first step endpoint) then plunged into LN, produced -a hatching rate of 0%
However, when samples were frozen to -50°C, the barching rates (95 6%). were: sumia‘f
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(P>0.05) to control (94.3%). A deeper endpoint temperature, -70°C, had a negative effect
on hatching, producing rates (43%) significantly lower (P<0.05) than the control (Table 4).

Table 4. Hatching rates (mean £ SD, n=6) as percentage of total eggs in contact with
spermatozoa frozen at -2, -5 or -10°C/min to different endpoints in the first step
of freezing and stored in liquid nitrogen (second step) for 1 to 3 wk (Experiments

2A to 2D).
First step Freezing rates (°C/min)

endpoints (°C) ) -5 -5 -10
-25 e N N 0°¢
-30 g2 N N 0°
-35 274 119 0°¢ N )
-40 40.7 + 4.8° N 39 +20° 0¢
-45 206 +103°¢ N 712433 154229
-50 M2+53% 95.6 + 3.9° 662 + 12.1* 287 + 285°
-55 83 +34° N 41.1 % 1847 - 51.8 £ 97
-60 56 +35 ==X 25.5 +:18 1% 386+ 161
-65 N N 103 + 1.7° N
-70 N 430 + 18.0° N N

_ Control 725 £ 7.1° 943 + 64° 799 + 155" © 59.8 + 10.7*

N = endpoint not tested within a given freezing rate.
**Means within the same column with different superscripts are significantly different

(P<0.05).

In Experiment 2B, when more endpoint temperatures were test
freszing rate of -5°C/min, spermatozoa frozen to -40°C and then
produced & very low hatching rate of oniy 3.9% (Table 4). Howeves, samples frozen to
utlu‘-450r-50°Cprodncedhatchmgratesequal(P>005)tooonﬁol(772md662%vs
79.9% of control). Endpoint temperatures of 55°Corléwerhadanegan\?ceﬂ-‘ecton

hatching rate. . R

At a rate of -2°C/min (Experiment 2C), spermatozoa frozen to -25 or -30°C (first step
endpoint) and then plunged into LN; produced & hatching rate of 0%: Wlien gperiiiatozoa
were frozen ta -35°C, less than 3% of eggs hatched (Table 4). Maximumn hatching ratés
were observed when samples were frozen to -40°C (40.7%), altliough this was significantly
(P<0.05) Jower than conitol (72.5%). Endpoint temperatures of. -45°C -or lower had a
negative effect on hatching rate:

At a faster freezing rate of -10°C/min (Experiment 2D), spermatozoa frozen to -25, -30,
-35 or -40°C and then plunged into LN, produced a hatching rate of 0%. When
spermatozoa were frozen to -45°C, only 1.5% of eggs hatched (Table 4). Hatching rates

Theriogenology
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equal (P>0.05) to control (59.8%) were obs&rved only when spermatazon were frozen to
-55°C (51.8%). Endpoini tmxperamres of -60°C or lower had a negative effect on hatching
rate.

Holding Spermatozoa at Sﬁpraoptimal Endpoints in 3-Step Freezing Programs

No egg batched when fertilized with spermatozoa frozen at -5°C/min to either -30°C at
all holding times tested or to -35°C with 0-min holding time (Table 5). _However, hatching
raxesash;gh(PhOOS)ascontol(SS%)wmproduoedwuh a frozen to, and
held at, -35°C for. 5 min (85.1%) and -40°C for either 2 min (78.4%)-or 5. min(86.8%)..

Table 5. Hatching rates (mean + SD, n=6) as percentage of total eggs in contact with
spermatozoa frozen at -5°C/min to supraoptimal endpoint temperatures in the
first step of freezing, with varying holding times (second step) and stored in
liquid nitrogen (third step) for 1 to 3 wk (Experiment 3).

First step endpoints Holding time, in min (second step)
(&) 0 o 5
-30 0° 0° 0°
-35 0° 43+43" 85.1+0.9°
-40 0.8+1.2° 784+25° 86.8+3.6°
Control 85.9+3.5°

**Means with different superscripts are significantly different (P<0.05).

Table 6. Hatching rates (mean = 8D, n=6) as percentage of total eggs in contact with
spermatozoa. frozen in 10% methanol at -5°C/min to, and held at, -40°C for 5
min, stored in liquid nitrogen for 1 to 3 wk and tested in on-farm fertilization

conditions (Experiment 4).
Spermatozoa , Hatching rates (%)
Frozen Male #1 577 £ 2%°
Male # 2 539 + 50%®
Male # 3 518 +31°%®
Average 54.6 + 43%
Control 49.6 + 1.6°

**Means with different superscripts are significantly dlt!‘a-ent {P=<0.05).
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Cryopreserved Spermatozea in On-Farm Conditions

Ho significant difference in hatching rate was observed when eggs were fertilized with
either fresh or frozen-thawed spemmatozoa tested on a commercial scale (Table 6).
However, when data from frozen spermatozoa were separated by male, significantly higher
(P<0 05} hatching rates (57.7%) compared with control {49.6%) were produced by male &

T

DISCUSSION
Sperm Dilution Ratio

To avoid such high sperm:egg ratios that <ven frozen-thawed gpermatozos with ko
numbers of live cells could yield -+ * hatqhmgral@s, 'the: n;axmi?m sperm dilution
ratio to achieve hatching rates s ~  to control was investigated { £i
Spermatozoa could be frozen and diluted s piuch as 200 times wnhout,losmg fertlhzauon
ability. However, at 1:2000 the hatching produced with frozen spénnatozoa were
lower than the control (Table 3). These dilution ratjos are higher than those reported in the
literature. Affican catfish, Heterobranchus longifilis, spermatozoa were dlluted 1:3 before

' freczing eand 1:10 afier awing, md had the-same fertilization o
control (81.1%; 13). In Cybrinus carpio, howsver, no, spermatozon:s
highier thart 1:5'before or after freézing (10).

Speom:Egg Ratio

As sperm collection im-Afican catfish; as well ag in chammel 4l Asian‘catfish, involves
festis destruction or male death, it is important to maximize the use of & dingle male by
optimization of spermiegg insemination ratio. Fw&e&bspmmﬁweﬁ'eMW
insemination ratio was estimated as 15 x 10° spermatozoa per egg in C. gariepinus (15) and
as 2 to 8 x 10’ spermatozoa per egg in C. macrocephalus (21). Because a percentage of
spermatozoa die during freezing and thawing processes, the effective i msemumlon ranofo:
fiozen spermatozoa should be higher. In channel catfish, 50 x 10° frc

spematozoa per 0.5-mL straw enabled fertilization of 250 eggs (200 x 10° spetrhatozoa per
egg; 23). In blue catfish L furcatus, a minimum of 13,060 x 10% frozen-thawed spermatozoa

per egg were needed to achieve 54% of control fertilization (2). I C, gatiepinus (17), 49 x
lO’ five frozen-thawed spermatozoa per egg achieved & hatching rate, (51,2%): ual tothe
condrol (51%). Inourexpmnent%mmﬁeshspmommmmwas34xl
whbonlyamallahquctoflﬂOpLofﬁozenﬁawedmatomdﬂu&edbl200(1?00
x 19" spermatozoa) enabled fertilization of about 150 egas, I our field trial, 10 mL of post-
thaw diluted (1:200) spemjiatgzoa (50 pL. semen) were able to fertilize 20 g (15,900) eggs.
The insemination ratic i both situations was within &' tange.6 t6 24-x 10° spermatozoa
puegg,wawmpmblemthcmhomdbyS&mmdim(lnBasadonﬂ:e
present data, 5 mL of semen from  single malé, frozen_ ace
be ¢nough to fertilize 1,500,000 egis {2 kg) and producs™




Theriogenology

Cryoprotectants

At 1:20 final sperm dilution (

prowctmg spermétozoa against: freéking. | ﬁnents accept“ 75
hatchmg mes comparable with control. However, Wwhen ﬂns dilution ratio was uaeti ‘again
sent 1C, only spermatozoa frozén in 10% ruéthinol produced high hatching rates
('I‘ableS) Iti ls posmble‘lhat tlisiexplanation for these: comstmg results reﬂects differences
v . A | 2T 3 m I i 5 o

Uking 13200 88 the final sperm dilution, 10% methanol was the most éffective
qmmtfmgmspmmwnhmemmolum
concentrations and DMSO at all concentrations tested, in both Experiment 1B and 1C.
Meéthgnol also proved effective for freezing zebra fish spermatozoa (6) and was a better
oryopmtmtﬁorchmdwﬁsh,mm fspematozoathmDMSO glycerol,
sherose, (23)and 1, ' i « In cotitrast;’it wos less
effective (18 %hmhmm}thmglmol (5l 2%) i DMSO (40; ﬁorprotecﬁngg
gariepinus spermatozoa against freezing-(17). ‘Glycerol hasbeenﬂlemnsthdelymed
cryoprotectant for African catfish spermatozoa (Table 1): Ten percént glycéiol alsbrpro\fed
effective for freezing Asian catfish, Heteropneustes fossilis and C. batrachus, sper
yielding 69 to 84% of control hatching rates (14). Howeves, glycerol was toxic to:sahinoinid
spermatozoa, whezeas DMSO cbuld be used for cryopreservation (20). |

According to Tiérsch et al. (23), a longer: time of equilibration before: freezing can
enhance the effectiveness: of cryoprotectants that act more slowly thdn methanol. This
could explain why DMSO was less effective than methanol in that the eqml:brauonwne
used'in the‘present experiments was only 2 min.

Freezing Rates and Endpoints

Accarding to Mazar (11), when any kind of cell is subjected to subzéro temperatures, it
initially supercools while ice forms in the external medium. The mammer in which cells
regain equilibrium with medium depends chiefly on the rats at which they are cooled and
on their permeability to water. If cells are cooled slowly or if their penmeability to water is
high, cells will equilibrats by-transferriig intracellulur water to external ice (dehydration
and shnnhge) On the other hand, if cells are cooled rapidly, or if their permeability to
water ig-low, or even if celis: are stored in LN; before nucleation is completed, celis will
equilibrate; at least i part, by intracellular freezing,

In.our experiments, sperm survival was variable among differént freezing rates, even
within the same endpoint. For instance, when the endpoint -was -50°C, hatching rates
similar {P>0.05) to. control were produced only by spermatozoa frozen at -5°C/min
(Experiment 2A and 28; Table 4); at -2 (E)qxnmcnt 2C) and, -10°C/min (Experiment 2D),
hatching rates were lower. However, it is easy to distiriguish, for each freezing rate; an
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optimal temperature endpoint to which spermatozoa must be frozen slowly, before fast i
freezing in LN; as that where highest sperm survival are obtained. At -2°C/min, this
optimal endpoint was -40°C; at -5°C/min, both -45 and -50°C. and at -10°C/min, -55°C.

When spenm samples were plunged into LN; befors these: optimal endpoints and used to
fertilize eggs, the hatching rates produced were, mmostcas&e,vaylow(’l‘able‘l) Based

on, Mazur's .conclusion (11), ‘we assume that dehydration was not completed and |
intracellular ice was: formed -in:those. samples,. Th;mefmmedms;deﬂ:eaellsasaresult of -
repid eaogmgm erlymgtowbymcxystauuat:onduwswmng,esmanylfwmms is = 3
slow; -as-in our experiments. However; at -5°C/min, ths optimal éndpoint could be
increased to supraoptimal temperatures like either -35 or -40°C when a'5:minholding time
wes included before fast freszing (Experiment 3; Teble 5). Pethaps, &uﬁ‘ﬁg the holding
time, sperm cells conld dehydrate enough and not form intracellular ice, since baiching -
rates produced by spermatozoa frozen as described were similar (P>0.05) to those of fresh
spermatozoa. However, this hypothesis requires firther testing,

. Regardless: of whether cells equilibrate by dehydration or by intracellular freezing; they ‘
are.subjected to a second class ofphysxcal-chemmlevansusocmtedmthﬂ:emow of
lignid water and its conversion to ice. As temperature decreages, the amount of cell water
decrenses, extracellular and intracellular solutes concentrate, solutes precipitate as théir
solubilities are exceeded (thus changing pH), and all solutes precipitate below the- eutectic
point (the-temperature.at which:the splution stats freezing)-of thie system. These-physical-
chemical-events are referred to.as 'solution effects” (11,27). Using sn opitimal ﬁeezlng rate,
once intracellulsr micleation temperatire has been passed, cells can
at -196°C. If not, cells will be exposed for too long to the, ‘“solution -effects” This
phenomenon could explain our results in the second series of cxperiments, when |
spermatozoa ffozen further than the optimal mdpoint (-40°C a -2°C/min; -45/50°C at
-5°C/min; «55°C at -10°C/min) before fast freezing.in LN, produced decreasmg hatching
rates (Table 4).As far as we know, several freszing rates have been tested in. Aftican |
catfish spermatozoa, but no other endpoint. in the first:step of freezing but <65, -70 and i
~8:°C were evaluated (Table 1). It is possible that the nucleation point kad been surpassed
and better hatching rates could have been obtained at other temperatures.

Solution effects are responsible for i mjury when cooling is slower than optimal, and
iracellular ﬁaezmg is responsible for injury when cooling §s faster than optimal. The
optimal rate, then, is slow enough to prevent production of intracellular ice and yet rapid
enough to minimize the length of time cells are -exposed to solution. effects (11). The
critical rate varies among different types of cells, Yeast, for example, will contain
intracellular ice when cooled faster than -10°C/min, whéreas red blood cells will contain
inwacelular ice only when cooled faster than:-5000°C/min (11). In our experiments. with
catfish spermatozoa, 3 slow raies were tested in' the first step of freezing (-2, -5 and
-10°C/min), followed by plunging samples in LN, (second step of freezing). Because better
resulis were obtained at -5°C/min (Table 4}, we: suggest it as the best fieezing rate for
Clarias gariepinus spermatozoa. Qur results agree with Steyn (16), who tested several .
freezing rates between -2 and -17°C/min and found better motility rates at -5°C/min.
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‘Cryopreservation of sperniatozoa-should bé usefil as a routine method of gamete

storage and managerhent for catfish. African catfish; C. gariepinus, spermatozoa stored at
-196°C retained good fertility for 6 wk in our experiments (unpublishied data) and for 16
mo in the experiments of Steyn and van Vuren (17). Frozen Africen: catfish, H. longifilis,
spermatozoa had the same fertilizing capacity as fresh ‘spermatozod after 8 mo of sfordge
{13) and channel catfish spermatozoa, after 13 mo of storage (23). These data suggest that
caifish sperinatozoa will reinain viable for years of storage and will aflow greater flekibitity

it tindirig ‘of ifiduéid spawnis
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