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Abstract

Semen of the sharptooth catfish Clarias gariepinus was dilured
with combinations of different extenders and cryoprotective
agents to evaluate their suitability as cryodiluents. An effective
freezing rate and thawing temperature of the semen were
established. Spermarozoa were successfully stored in liquid
nitrogen for periods exceeding sixty days, with satisfactory sur-
vival rates and high sperm motility.
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Introduction

The establishment of aquaculture to supplement the dwindling
protein resources of the world has necessitated che development
of large scale artificial spawning techniques of a number of fish
species. Problems encountered in the spawning of fish used for
production, were the selection of breeding stock with emphasis
on qualities such as low temperature tolerance, disease resistance
and growth rate. In South Africa where a number of endemic
freshwater fish species like the Border bath (Barbus trevelyani),
Fiety redfin (Barbus phlegethon), Treur River barb (Barbus
treurensis) and che Drakensberg minnow {(Oreodaimon
quathlambae) are endangered (Skelton, 1977), it became
necessary to investigate the large-scale spawning of indigenous
fish species in order to restock river systems. Moreover, the lack of
synchronization in male and female gonadal maturation has fur-
ther hampered the artificial propagation of fish. A recent
development to agsist in the controlted reproduction of fish is the
cryopreservation of sperm and ova. The cryopreservation of
gametes can be of practical value, for it allows banking of semen
which could be used in the manipulation of spawning program-
mes (Ginzburg, 1972; Harvey, 1982).

In the case of livestock, astificial insemination has been
made possible by the successful development of sperm cryo-
preservation techniques. Attempts in recent years 1o transfer this
technology to the preservation of fish sperm showed difficulties,
because techniques developed for mammalian sperm were not
compatable with the physiological peculiarities of fish semen
{Harvey, 1982).

Fish spermatozoa can be refrigerated successfully at 0-4 °C
for several days (Ginzburg, 1972). Survival of fish sperm can also
be extended at above zero temperatures by providing adequate
air space above the semen sample or by storing semen under
oxygen (Truscott ef #/., 1968; Billard, 1981).

Since the first experiments on the long-term preservation of
fish spermatozoa at sub-zero temperatures by Hoyle and Idler
(1968) and Graybill and Horton (1969), much work has been
done with variable success rates on the cryogenic preservation of
fish semen, especially Oreochromis mossambicus, Salmo gaird-
ners and Mugdl cephalus (Scott and Baynes, 1980; Hartvey, 1983;

Stoss and Holtz, 1983, Chao ef #/., 1975; Chao, 1982}. In these
experiments various cryodiluents were employed with the
simplest formulations still being the most successtul. Semen of
M. cephalus was preserved for one year in liquid nitrogen after
which a fertility success of 2,7 % was obtained {Chao ez a/..
1975). Chao {1982) improved the techniques and achieved a
90 % motility and a fertility rate exceeding 28 % after one year.
Investigations by Mounib (1978) yielded a 30 % motility of
Salmo salar sperm afier thirteen months, Up to date, no attempt
has been made to cryopreserve indiginous freshwater fish sper-
matozoa in South Africa.

The aim of the present investigation was to develop a
suitable extender and ctyoprotective agent for the long-term
preservation of sharptooth catfish Clarias gartepinus sperm.
which at present is being evaluated for its aquacultural potential
in Southern Affica.

Materials and methods

Mature male sharprooth catfish were obtained from the Roode-
plaat Dam near Pretoria, Transvaal during October 1983 and ac-
climartized for three weeks at 23 = 1 °C in four separate holding
canks. Sperm production was induced by the administration of
chorionic gonadotropins {Choragon) and alcohol preserved cat-
fish pituitary extract (PGE) as described by Schoonbee e7 4.
(1980). Semen was obtained by dissecting out and squeczing the
testes. Five different combinations of extenders and cryoprorec-
tive agents were then evaluated for their suirability as
cryodiluents.

TABLE {
CRYOPROTECTIVE AGENTS AND EXTENDERS USED IN
CRYOPRESERVATION EXPERIMENTS WITH C. GARIEPINUS

SEMEN
Cryodiluent
Code Reference
Cryoprotectant Extender
A 5 % Methanol 15 % Milk

80 % Fish saline

B 5 % Glycerot 5 % Glucose Chao ez 4. (1975)

Chao (1982)
C 12,5 % DMSO Reduced glutarhione
2gif
KHCO; 10 g/? Mounib (1978}

Sucrose 42 g/
Same as C

15 % Milk
80 % Fish saline

D 12,5 % Glycerol
E 5 % DMSO

Mounib {1978)
Chao ez &. (1975)
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TABIE 2
PROCEDURES FOLLOWED IN CRYOPRESERVATION CF C. GARIFPINUS SPERM AND THE EXPERIMENTAIL RESULTS

OBTAINED
Before freezing Equili- After thawing
. Cryo- - bra-  Freez- Thiw . -
Exp. l\;on— Moti- % pro- tender  Tech- . ° ing  temp. S'rlgrage e Mot N{'cm- Dilution
uey lity  Moti- tectanc , (€€ MqQUE Lo e -y Time Motliy - ey ratio
time grade liey Table 1) (min) grade o time
{s) (s)

1 116 +++++ 60 Methanol A Straw 20 X 20 24 hours - 0 0 I:ltol:10

2 120 +++++ 350  Glyc. B Straw 20 Y 20 24 hours - 0 0 11

3 114 +++++ 30 DMSO C  Straw 20 Y 20 24 hours - 0 0 1:3

4 118  +++++ 30  Glyc. D Straw 20 Y 20 24 hours - 0 0 1:3

5 120 +++++ 50  Glyc. B Straw 20 X 20 24 hours - 0 0 I:1

& 114 +++++ 30 DMSO C  Sctaw 20 X 20 24 hours - 0 ¢ 13

7 118 +++++ 30 Glyc. D Straw 20 X 20 24 hours - 0 0 13

8 120 ++++4+ 30 Glyc. B Vial 20 Y 20 24 hours - 0 0 11

9 114 +++++ 30 DMSO C  Vial 20 Y 20 24 hours - 0 0 13
10 118 +++++ 30 Gl D Vil 20 Y 20 24 hours - 0 0 13
11 120 +++++ 350  Glyc. B Vial 20 X 20 24 hours +4+ 1 0 11
12 114  +++++ 30 DMSO C  Vial 20 X 20 24 hours - 1 0 1:3
13 118 +++++ 30 Glyc D  Vial 20 X 20 24 hours - 0 0 13
14 100 +++++ 80 Glye. B Vial 60 Zy 25 24 hours +++++ 40 76 1:1
15 100 +++++ 80  Glyc. B Vial 60 7z 25 24 hours  ++++ 30 74 1:1
16 100 +++++ 80 Glyc. B Vial 60 Zy 25 24 hours ++++ 10 68 1:1
17 100 +++++ 80 Glyc. B Vil 60 Zy 25 24 hours ++++ 10 56 11
18 100 +++++ 80 Glye. B Vil 60 Zs 25 2dbours ++++ 20 68 1:1
19 00 +++4++ 80 Glyc. B Vial 60 Z 7 2 hours ++++ 30 IZ T 58
20 100 +++++ 80  Glyc. B Vial 60 Zs 7 24 hours  ++++ 20 72 1:1
21 100 +++++ 80 Glyc B Vial ] Z; 7 24 hours +++ 2 35 1:1
22 100 +++++ 80  Glye. B Vial 60 Zy 7 24 hours  ++++ 4 52 1:1
23 100 +++++ 80 Glyc, B Vial 60 Zs 7T Zhours ++++ 10 64 1:1
24 95 +++++ 80 Glyc. B Vial 0 Z 25 30days +++++ 20 61 L:1
25 84 +++++ 8¢ DMS E Vial 0 Z 25 30 days  +++++ 15 57  1:1
26 110 +++++ 70 Mecthanol A Vial 0 Z, 25 30 days 4+ 2 47 111
27 95  +++++ B0 Glye B Vial 0 Z 25 30days +++++ 15 52 1:1
28 84  +++++ 80 DMSO E Vial 0 Z 25 30 days F+++ 10 44  1:1
29 110 +++++ 70  Methanoi A Vial 0 Z, 2% 30 days 4+t 1 35 1:1
30 9% +++++ 80  Glyc B Vial 120 Z, 25 30days +++++ 20 64 1:1
31 84 +++++ 80 DMSO E  Vial 120 Z 25 30 days ++++ 10 51 1:1
32 110 +++++ 70  Mecthanol A Vial 120 Z 25 30 days At 5 47 11
33 95 +++++ 80 Glyc. B Vial 0 Z 25 60 days ++++ 20 a6 1:1
34 84 +++++ 80 DMSO E  WVial ] Z, 25 60 days ++++ 20 68 1:1
35 110 +++++ 70 Methanol A Vial o Z 25 60 days +H++ 4 54 1:1

Glye. - Glycerol;
Vial - Bio-Freeze Vial:

DMSO - Dimethylsulphoxide;
Straw - polyethelene straw

Various dilution ratios as well as seven freezing rates, three
cryoprotective agents and two thawing temperatures were in-
vestigated (Table 2). Different rates of freezing were obtained by
introducing the semen samples into nitrogen vapour ( - 80 °C),
liquid nitrogen (- 196 °C} and iso-propanal cooled down with
dryice (+20to - 75 °C). Freezing rate X {Table 2) was achieved
by first leaving the samples in nitrogen vapour for two minutes
foliowed by rapid freezing in liquid nitrogen. A fast freezing rate
Y, as described by Mounib (1978), was employed by submerging
the diluted semen sample directly into liquid nitrogen. Freezing
rates Z;-Z; presented in Figures 1-5, were obtained by adding
known quantities of dry ice to iso-propanol.

The effect of pressure release on thawing and freezing was
investigated by incorporating 2 pressure release mechanism to the
cap of the bio-vials containing the semen.

Oaly good quality semen with high sperm counts and
motility was used in the cryopreservation experiments. Total
motility, motility grade and percentage motile spermatozoa were
determined before freezing, after 24 h, 30 days and 60 days.

16 Water SA Vol. 11. No. 1. January 1983

Motility was evaluated microscopically by employing the follow-
ing scale: + + k+ + very strong; + ++ + streng; +++ moderate;
++ weak and + very weak. Observations were subsequently
made on the suitability of Costar bio-vials and polyethelene
straws in semen preservation (Chao, 1982),

Results

The experimental procedures followed and the results obtained
in the cryopreservation of C. gariepinus sperm are presented in
Table 2. Sperm counts varied from 0,75 1o as high as 9.8
million/mm3. After preservation petiods of 30 to 60 days, 1,96
million sperm "'mm? survived.

Survival of C. gariepinus spermatozoa which was evaluated
according to raotility, showed glycerol to be an effective crvo-
protective age:t. The most suitable cryodiluent (B) is shown in
Table 1. This cryodiluent yielded a 20% survival of spermarozoa
with no loss of motility after G0 days, Unsatisfactory results were,
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however, obtained where the extender and cryoprotectant used
by Mounib (1978) were employed (Tables 1 and 2). A rapid
thawing procedure was found to be superior to a stow one (Ex-
periments 14-23, Table 2) and a relatively slow freezing rate (Z,,
Fig. 1) was che most successful in this series of experiments. The
percenrage survival as well as duration of active movement of the
sperm was reduced in the presence of a pressure release
mechanism in che vial cap (Experiments 27 to 29, Table 2).

Discussion

According to Scott and Baynes (1980), most of the recent
cryogenic preservation procedures do not provide time for
equilibration. Harvey (1983} and Stoss and Holtz (1983), work-
ing on the equilibration of fish semen after mixing with cryo-
protectants, concluded that the detrimental effects of any
equilibration time were aggravated by increasing the concentra-
tion of the cryoprotective agent. In the present investigation
equilibration times employed were determined by the period re-
quired ro dilute and prepare the semen samples for cryopreserva-
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tion. Thus the effects of equilibration time on the sutvival rate of
the spermatozoa of this fish species still have 1o be evaluared ex-
perimentally.

Decreases in both motility and the percentage survival of C,
gartepinus spermatozoa when pressure release mechanisms were
empioyed, corresponded with results obtained by Tinnerberg ef
/. (1980) on rabbit spermatozoa. It was found that semen frozen
at a high pressure (400 atmospheres) had higher spermartozoal
survival rates than when frozen at 1 acmosphere,

Freezing rate is critical in cryogenics and appears to be
species specific. It is known that the optimum freezing rate for
salmonid sperm varies between 30 °C min "' and 160 *C min '
{Scott and Baynes, 1980). In contrast, the best freezing rate ob-
tained for C. garepinus sperm during the present study was
7 *Cmin~".

This rate is higher than that found for bull semen which
varies between 0,8 °C min~ ' and 5 °C min ™" (Salisbury ez 4/.,
1978). From the results available in the lirerarure and based on
the author’s own experience with C." gariepinus semen it is evi-
dent that the freezing rate is one of the most critical aspects in the
cryopreservation of spermatozoa. This aspect requires further in-
vestigation,

From the results obtained in this study, the freezing rare Z,
(Fig. 1) gave the most promising results on the survival and
motility of €. garreprnus sperm. The present experiments further
indicate thar the motility grade of the surviving sperm remained
virtually the same while a much lower percentage of live sperm
was found after preservation in liquid nitrogen. This
phenomenon should be investigated further. Motility, however,
serves as a measure of flagellar movement and does not guarantee
fertilicy (Salisbury er &/., 1978).

The resulrs obtained so far suggest that it will be possible o
store C. gariepinus sperm successfully over prolonged periods at
sub-zero temperatures. To improve on the present results more
research needs to be undertaken on the biochemistry of semen of
this species, This will ensure that the most suitable extender and
cryoprotective agent will be obtained with the osmolality of the
diluent closely resembling that of the fluid in which the sperm
are maintained % vivo,
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