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1. In African catfish, the inhibition of the development of seminal vesicles facilitates 
stripping of viable sperm cells. 
This thesis 

2. Cryopreservation of semen is a valuable tool for genetic conservation of fish. 
This thesis 

3. The endocrine control of reproduction in fish is very comparable with that in 
mammalian species. 

4. "It is not the strongest nor the most intelligent of the species that survive, but the 
one most responsive to change". 
Charles Darwin 

5. Catfish individuals like to live crowded. 

6. The educational curriculum of Veterinarian Sciences should include fish. 

7. The creativity of the Dutch can be appreciated by the strange things they put 
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8. Living in the Netherlands for 4 years, proves that the Brazilian proverb "the sun 
shines for everybody" is not true. 
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Abstract 
Stock improvement using quantitative and molecular genetics is an essential part of 
nowadays production of farm animals and fish. To achieve this in aquaculture, 
germplasm of both parental sexes should be obtained in a life-saving manner. In 
captivity, male African catfish, Clarias gariepinus, do not release semen under 
abdominal massage and have to be sacrificed to obtain sperm from the macerated testes. 
Of course, this is regarded as a major constrains by the catfish farming sector. Against 
this background, the research of the present thesis had a two-pronged approach and 
aimed (a) to induce semen release and facilitate stripping of semen under abdominal 
massage, and (b) to optimize protocols for cryopreserving semen of the African catfish. 
To facilitate hand-stripping of semen, several maturational hormones that increase 
plasma gonadotropin levels and drugs that stimulate contractions of the reproductive 
tract, such as oxytocin, were tested. The response to some of these treatments was 
compared between normal males and males that possessed undeveloped seminal 
vesicles - a possible block of the sperm flow during abdominal massage. Based on the 
results, it is unlikely that catfish males kept in captivity are not strippable because of a 
lack of gonadotropin surge. Fertile semen was hand-stripped from males that possessed 
undeveloped seminal vesicles but not from normal males, suggesting that seminal 
vesicles actually block the sperm flow during hand-stripping. However, stripping was 
possible only after treatment with pituitary extract. Oxytocin may play a role in sperm 
transport in catfish, but more research is needed to optimize dose and latency time. To 
optimize protocols for semen cryopreservation, different cryoprotectors, cooling rates 
and temperatures at which plunging into liquid nitrogen occurred, were evaluated. 
Catfish semen showed good tolerance to freezing and thawing. Hatching rates similar to 
the fresh semen were obtained with semen frozen in 10% methanol, at a cooling rate of 
-2, -5 or -10°C/min to -40°C and plunged into liquid nitrogen as soon as semen 
temperature reached -38°C. Samples plunged into liquid nitrogen from a semen 
temperature above -30°C or below -50°C produced decreasing hatching rates. Post-thaw 
semen could be diluted at least 200 times without loosing fertilization capacity. 
Cryopreservation of semen is a valuable tool for selection and conservation of genetic 
diversity in catfish species. 
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General introduction 

The vast majority of fish species reared in captivity exhibit some form of 
reproductive dysfunction. In females there is often a failure to undergo final oocyte 
maturation, ovulation and spawning, while in males semen production may be reduced 
and/or of low quality. Such reproductive dysfunctions are mainly due to the fact that 
fish in captivity do not experience the natural conditions of the spawning grounds and 
as a result the pituitary fails to release the maturational gonadotropin, luteinizing 
hormone (LH; Zohar and Mylonas, 2001). Reproductive hormones have been used since 
the 1930's (Houssay, 1930) to stimulate reproductive processes and to induce ovulation, 
spermiation and spawning. However, in the African catfish, while these techniques have 
been successfully employed with females, the response of male catfish remains poor 
and semen collection under abdominal massage is practically impossible. For artificial 
reproduction, males are commonly sacrificed and testes are macerated over the eggs. 
Although this method is efficient, it compromises selection and genetic improvement. 
The aim of this thesis was to improve the reproductive efficiency of hatchery-bred 
African catfish males. In order to achieve this, a two-pronged approach can be used. On 
the one hand, different methods to facilitate stripping of semen under abdominal 
massage can be developed, and on the other, successful protocols for semen 
cryopreservation can be assessed. Both approaches have been followed in this thesis. 

The African catfish 

Catfishes have a wide geographical distribution and are found in America, Africa, 
Eurasia, Asia and Australia. Except for two families (Ariidae and Plotosidae) with 
essentially marine species, catfishes are in general freshwater fishes, belonging to the 
order Siluriformes, and suborders Siluroidei. The Clariidae family is characterized by an 
elongated body with long dorsal and anal fins, a presence of a strong spine on the 
pectoral fin and four pairs of barbells. Most of the clariids have a suprabranchial organ 
formed by arborescent structures that enables them to use atmospheric air. The African 
Clarias gariepinus as well as the Asian C. batrachus and C. macrocephalus are the most 
studied species in this family and are of great importance in both fisheries and fish 
culture (Teugels, 1996). 

Biologically, the African catfish, Clarias gariepinus (Burchell 1822; formerly C. 
lazera, Cuvier & Valenciennes 1840) is undoubtedly the most ideal aquaculture species. 
It is widely distributed; thrives in diverse environments (sub-tropical to tropical); is 
adapted to a wide range of water quality conditions mainly as a consequence of its 
breathing ability; feeds on a wide array of natural prey under diverse conditions; has a 
high fecundity and is easily reproduced under captive conditions (Hecht et ah, 1996). 

The aquaculture potential of C. gariepinus in Africa was first realized by Hey 
(1941). Before the mid 1970's, little research on its culture potential was performed (de 
Kimpe and Micha, 1974; Richter, 1976), but since then, interest in African catfish 
research has grown and is now conducted mainly in The Netherlands, South Africa, 
Belgium, Central African Republic and Ivory Coast. These largely independent but 
parallel research initiatives have resulted in the rapid development of farming 
technology (Hecht et ah, 1996) and of techniques for reproduction and rearing (de 
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Leeuw, 1985; Viveen et al, 1985). Currently, this species is farmed both on a 
commercial and subsistence basis in many African countries; the most important 
producers (in terms of annual tonnage) are Nigeria, South Africa, Zambia and Ghana. In 
Nigeria, the catfish production is currently distributed among few big and a lot of small 
farms. The annual production is difficult to calculate (no record in mentioned on FAO, 
2001), but the country is investing in technology (such as recirculating systems) and in 
the coming 10 years, it will probably be the largest African catfish producer in the 
world, with ca 10-30,000 tons per year (Ir. W. Fleuren; personal communication). The 
expanding catfish industry in The Netherlands is producing 1500 ton yearly (FAO, 
2001). 

Biology of Reproduction 

The brain-pituitary-gonadal axis is the most important endocrine system for the 
regulation of reproductive processes in vertebrates (Figure 1). Stimuli originating 
internally (such as the stage of somatic or gonadal development) or externally 
(photoperiod, temperature, behavior of conspecifics, rainfall) are transported to the 
brain. As a consequence, the secretion rates of the brain hormones (gonadotropin 
releasing hormone - GnRH, and dopamine) are changed. Release of pituitary 
gonadotropins (follicle-stimulating hormone - FSH, and LH) is stimulated by GnRH 
and inhibited by dopamine. In males, gonadotropins stimulate spermatogenesis (sperm 
production) and steroidogenesis (sex steroid production) in the testes. Sex steroids and 
other gonadal factors, such as activin and inhibin, exert both a positive and negative 
feedback on the brain, pituitary and the gonad itself (reviewed by de Leeuw et al, 1987; 
Nagahama, 1994). 

The reproductive organs of the male catfish are situated in the posterior end of the 
body cavity, just below the trunk kidney. Testes are paired structures suspended by the 
mesenteries. The lateral side of each testis shows a crenated border. Under light 
microscopy, seminiferous tubules are observed to accommodate various cysts with 
different stages of spermatogenic cells from spermatogonia to spermatozoa, all over the 
testis (Figure 1). Testes are connected to the urogenital pore (located at the end of the 
pointed and elongated urogenital papilla) through sperm ducts. Around the sperm ducts, 
accessory glands named seminal vesicles (S V) are located. The basal portion of the S V 
is flattened and wide, and contains the fingerlike extensions (Fishelson et al, 1994). 
The primary function of the SV is the production of a fluid containing various active 
compounds including steroid glucuronides. These glucuronides act as sex pheromones 
that promote ovarian growth and development in pubertal females (van Weerd, 1990), 
and activate female responsiveness and induce ovulation, thereby improving 
fertilization in adults (Resink, 1988). Furthermore, SV of fish reared in laboratory 
contain sperm cells only in the proximal part of the lobes, while those of fish from their 
natural habitat contain sperm cells throughout their tubules during the breeding season 
(Resink, 1988). 
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Figure 1. Diagram of the brain-pituitary-gonadal axis of the African catfish male with reference 
to possible ways to stimulate semen release. GnRH (gonadotropin release hormone); FSH/LH 
(follicle-stimulating and luteinizing hormones); SGA (spermatogonium A); SGB 
(spermatogonium B); SCYI (spermatocytes I); SCYII (spermatocytes II); ST (spermatids); L 
(lumen filled with ST and spermatozoa); +/- (positive/negative stimuli). Adapted from van 
Oordt etal. (1987). 
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Histological studies of the gonads and of the infrastructure of the gonadotrophes, 
together with enzyme-histochemical studies of the gonadotropin content of the pituitary 
made it possible to divide the annual reproductive cycle of the African catfish into 3 
periods (van Oordt et al, 1987; van Oordt and Goos, 1987): 
1. During the breeding period, the pituitary gonadotropin content reaches maximum 

levels. The gonadotrophes are large and densely granulated and at least once during 
this period, a gonadotropin surge takes place, leading to spermiation and semen 
release. Fish show a high but decreasing gonadosomatic index (GSI) and, because 
spermiation is not fully compensated by the production of new sperm cells, 
gametogenesis comes to an end; 

2. During the resting period, pituitary gonadotrophes become smaller and show signs 
of internal hormone breakdown and a reduction of the gonadotropin content. GSI is 
relatively low, gonadal steroidogenesis is largely reduced and gametogenesis 
remains absent; 

3. During the pre-spawning period, a recovery of the gonadotrophes and increased 
gonadotropin content in the pituitary is observed. This is concomitant with an 
increase in GSI, gonadal recrudescence with full spermatogenesis and a restoration 
of steroidogenesis. 

While the breeding period of the African catfish can vary with location, it is 
correlated with periods of maximum rainfall. Spawning occurs during summer, usually 
in dark nights after heavy rain in recently inundated marginal areas. There is a massive 
aggregation of catfish before spawning, and courtship is preceded by aggressive 
encounters between competing males. Only victorious males form mating pairs with the 
females. Mating takes place between isolated pairs in shallow water amongst inundated 
terrestrial or semi-aquatic grasses and sedges. During courtship, male and female butt 
and chase each other. The male exhibits shivering motions over his body and before the 
actual spawning, he closely follows the female and moves ahead of her to adopt a U-
shaped position around her head for several seconds. Afterwards, semen and a cloud of 
eggs are released. Eggs are distributed in all directions by a few vigorous beats of the 
female tail. The fecundity is very high, with each female capable of releasing 30,000 to 
80,000 eggs. This courtship and spawning behavior, including the resting intervals, lasts 
from 1 to 2 hours. There is no parental protection of the young except by the careful 
choice of a spawning site and time (Bruton, 1996). 

Reproduction in Captivity 

As in most of the fish reared in captivity, the African catfish exhibits reproductive 
dysfunction. It is normally accepted that the absence of reproductive behavior and 
semen release in hatchery-bred catfish males is caused by a failure of the brain-
pituitary-gonadal axis. It has also been speculated that anatomical blockage may retain 
the sperm flow during hand-stripping, in catfish species. 
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Failure of the brain-pituitary-gonadal axis 

The continuity of the favorable husbandry conditions that hatchery-bred African 
catfish are kept in, results in the absence of a pre-spawning gonadotropin surge, and a 
post-spawning regression of the gonadotrophes. Although fish pituitaries store large 
amounts of gonadotropin, only a limited and continuous secretion of the hormone takes 
place. This is sufficient for a sustained spermatogenesis and gonadal steroid production, 
but not for spontaneous semen release and reproductive behavior (van Oordt et al., 
1987). The failure to release a large amount of gonadotropin is not caused by 
insufficient storage of the hormone in the gonadotrophes (de Leeuw, 1985). It is more 
likely that GnRH is not released or is prevented from eliciting its effects (Goos and 
Richter, 1996). Based on this fact, hormone protocols have been tested to induce 
stripping of semen under abdominal massage, for different catfish species. 

When African catfish were captured from the wild during their natural breeding 
season and treated with homologous pituitary homogenates, stripping of a few drops of 
semen was possible. The stripped semen yielded hatching rates as high as 53% (van der 
Waal and Polling, 1984). For large-scale artificial propagation, however, the same 
authors preferred to sacrifice males after the same treatment with pituitary homogenate, 
and macerate the testes onto the eggs (Polling et al., 1987). In the same species, 
treatments with carp pituitary suspension (Hogendoorn, 1979), homologous pituitary 
homogenate and human chorionic gonadotropin (Hecht et al., 1982) failed to induce 
stripping of semen. Treatment with the mammalian LHRH (which has the same 
biological activity as the fish GnRH) induced stripping of a few drops of semen from 
Blue catfish, Ictalurus furcatus. but the sperm cells lost their fertilizing capacity within 5 
min (Dunham, 1993). 

Anatomical blockage of the sperm flow 

Several authors have stressed that the difficulty of stripping semen from catfish 
species may be caused by anatomical blockage. Testes are located deep in the body 
cavity surrounded by other organs (e.g. gut and stomach). During stripping, most of the 
hand-pressure is applied to these other organs. In addition, the ripe sperm gathers along 
the convex lobular edge of the testis rather than leaving it through the sperm duct. 
Furthermore, a thick interstitial tissue surrounds the spermatogenic cell area of the testis 
and SV, possibly blocking sperm flow during abdominal massage (Tan Fermin et al, 
1997). 

The sperm ducts are surrounded by up to 50 fingerlike extensions of the SV 
(Fishelson et al., 1994). Richter (1976) suggested that these SV extensions may retain 
sperm flow when pressure is applied to the abdomen. This hypothesis, as far as we 
know, has never been tested, but is supported by preliminary results obtained in our 
laboratory (Eding et al, 1999). In an experiment to determine the effects of 17a-
methyltestosterone (MT), 17p-estradiol and 11-ketoandrostenedione on gonad 
development and sex differentiation in African catfish, hormones were fed to larvae at 
50 ppm for 13-40 days post hatch. All treatments failed to induce permanent and 
complete sex reversal, but, surprisingly, 13 out of 68 MT-treated males sampled at 6 
months post hatch could be stripped with abdominal massage, yielding a few drops of 
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fluid. Upon dissection, all MT-treated males possessed incomplete SV fingerlike 
extensions. Partial inhibition of male gonad development and associated ducts are in 
agreement with the observed feminizing action of MT and other testosterone derivatives 
on the gonad development in clariid African catfish (van den Hurk et al, 1989) and in 
ictalurid Channel catfish I. punctatus (Davis et al, 1990). 

The effects of muscle-contractors 

In mammals, some muscle contractors are used to stimulate ejaculation and increase 
the number of sperm cells in the ejaculate. In rats, prostaglandins, mainly F2a, 
modulate the contractility of seminiferous tubules and mediate the sperm transport from 
the testis (Farr and Ellis, 1980). Oxytocin plays an important role in gamete transport, 
by activating smooth muscle contractions of the reproductive tract. In sheep (Assinder 
et al, 2000) and in bulls (Berndtson and Igboeli, 1988), oxytocin has a stimulatory 
effect on contractility of the seminiferous tubules during ejaculation, increasing semen 
volume and concentration in the ejaculate. The related peptide vasopressin also 
increases epididymal contractions in rams (Knight, 1974) and rabbits (Kihlstrom and 
Agmo, 1974), although higher doses of vasopressin are required to produce an effect 
similar to oxytocin. The contractions of the ductus deferens, which cause the emission 
of semen during ejaculation, are stimulated by catecholamines released from the 
sympathetic nerve endings (Cross and Glover, 1958). In female brook trout, Salvelinus 
fontinalis, adrenaline can stimulate in vitro both ovulation and contraction of the 
follicles (Goetz and Bradley, 1994). Adrenaline has stimulated testis contraction during 
in vitro experiments with Channel catfish (Dr. R. Dunham, personal communication). 
To the best of our knowledge, these hormones (including isotocin, the fish oxytocin-like 
peptide) have never been evaluated as semen release-inducer in catfish species. 

Semen Cryopreservation 

Since the first attempt to preserve semen (Spallanzani, 1776), there have been 
numerous improvements in conservation technology (e.g. discovery of cryoprotectants, 
development of semen extender, progress of reproductive technology) with a number of 
detailed reviews of cryopreservation of both mammalian (Watson, 1995; Woelders, 
1997; Yoshida, 2000) and fish spermatozoa (McAndrew et al, 1993). 

The importance of preserving genetic resources for the future is widely recognized, 
and the conservation of semen would be a major contribution with great potential 
applications in agriculture, biotechnology, species conservation and clinical medicine 
(Yoshida, 2000). In aquaculture, the major benefits resulting from fish gamete 
preservation include (Lubzens et al, 1997): 
• Potentially greater efficiency in selective breeding through storage of gametes from 

genetically improved fish stocks obtained by classical selective techniques, or by 
genetic manipulation (e.g., triploids, transgenic fish), through cross-fertilization 
between related species with non-overlapping breeding seasons, through the use of 
self-fertilization in protandric hermaphrodites (e.g., gilthead seabream, Spams 
aurata) and through an extension of the breeding season in fish; 
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• Increased protection of stocks from diseases by allowing the introduction of new 
genetic lines with reduced danger of transmitting unknown pathogens to cultured 
fish; 

• A continuous supply of gametes for optimum utilization of hatchery facilities or for 
experimentation; 

• Economy of maintenance of brood stock and safety against accidental loss of 
genetically improved lines. 

It has been estimated that semen from 200 fish species have been cryopreserved, 
including some endangered species (Steyn and van Vuren, 1991; Gwo et al, 1999; 
David et al, 2000; Mongkonpunya et al, 2000; Tiersch et al, 2000). There has been 
also considerable research on the development of gene banks for aquatic species 
(McAndrew et al, 1993). The reported post-thaw viability, even for the same species, is 
highly variable. Most of the work carried out so far is empirical, based on a trial and 
error approach, leading to heterogeneous results. 

To develop an efficient freezing protocol, some background information on 
cryobiology is needed, especially as to the possible causes of freezing injury. It is well 
known that freezing injuries can be caused by slower- or faster-than-optimal cooling 
and thawing rates, and that the level of cryoinjury can be affected by the choice of 
cryoprotectants and the composition of the freezing medium (extenders). 

Cooling velocity (or cooling rate) is one of the major factors which determines 
whether or not viable cells can be frozen to temperatures that permit indefinite storage. 
Cooling either slowly or too rapidly tends to be damaging. When cells are cooled 
between -5 and -15°C, ice forms in the external medium, but cell contents remain 
unfrozen and supercooled (Figure 2). The latent heat of crystallization raises the 
temperature to the freezing (or melting) point of the medium, e.g. to -5°C. As part of 
the water exits the extracellular medium as it becomes ice, the residual solute 
concentrates. This residual brine is hyperosmotic to the unfrozen cells. The supercooled 
water in the cells then flow out. The subsequent physical events in the cell depend on 
the cooling rate. If cooling is sufficiently slow, the cell is able to lose water rapidly, 
dehydrate and shrink. However, prolonged exposure of the unfrozen cells to the 
increasing hyperosmotic residual medium will lead to excessive dehydration, shrinkage 
and a very high intra- and extracellular solute concentration. The effects of these events 
is referred to as "solution effects" (Mazur, 1970). On the other hand, if the cell is cooled 
too fast, it is not able to lose water fast enough to maintain equilibrium. Water becomes 
increasingly supercooled and eventually freezes internally, forming intracellular ice 
(IIF). During thawing, these ice crystals may recrystallize to larger crystals and disrupt 
cell membranes. A clear line between damages caused by IIF and solution effects 
cannot be drawn, mainly because solution effects can happen throughout the entire 
freezing process. The optimal cooling rate, then, is slow enough to prevent IIF but yet 
rapid enough to minimize the length of time during which cells are exposed to solution 
effects. The critical rate varies among different types of cells, depending on surface 
area, membrane permeability to water and the activation energy. Yeast, for example, 
will display IIF when cooled faster than -10°C/min, whereas red blood cells will display 
IIF only when cooled at rates well above -1000°C/min (Mazur, 1977). 
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Extra-cellular medium starts to freeze; 
latent heat of the fusion of small crystals 
warms up the solution 

If freezing is too fast, 
water freezes inside 
the cells 

If there is enough time, water 
freezes outside the cells 

(slow rates) 

Figure 2. Freezing process of a simple aqueous solution with reference to the effects of cooling 
rates on sperm cells. A-B (supercooling); B (spontaneous ice nucleation occurs); B-C (latent 
heat is released); C-D (efflux of water from the cells causing dehydration); D (intracellular 
medium is frozen). Adapted from McAndrew et al. (1993). 

The warming rate during thawing of the semen is also of importance. The effects of 
warming rate on cell survival will depend on the cooling history. Cells cooled much too 
rapid will have large intracellular ice crystals and will be dead. Cells cooled more 
slowly, but still relatively fast could have very small intracellular ice crystals. During 
slow warming these crystals could grow in a process called recrystallization, which 
could hurt the cells. These cells could therefore be rescued by rapid thawing. When cells 
are cooled very slowly the IIF could be insignificant, and a high warming rate may not 
be needed. In fact, it has been proposed that when cells are cooled very slowly cells will 
be very much dehydrated and shrunk and could be damaged by rapid thawing because 
of a too rapid rehydration (Leibo, 1976). 

Even though the survival of the cells during freezing and thawing can be maximized 
by optimizing the freezing and warming protocols, the post-thaw recovery will be 

10 
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unacceptably low if cryoprotectants are not added to the freezing medium. The 
discovery that glycerol could prevent the damaging effects of slow cooling and thawing 
on spermatozoa and red blood cells (Polge et al, 1949), renewed interest in banking 
living cells and tissues at low temperatures in a state of anhydrobiosis or cryptobiosis. 
Since then, many other compounds have been found to protect living cells against some 
of the damage caused by freezing. A range of permeating cryoprotectants have been 
used but the most common ones for freezing fish semen are dimethyl sulphoxide 
(DMSO), glycerol, methanol and dimethyl acetamide (DMA). These cryoprotectants 
depress the freezing point of the extracellular medium, ameliorate the detrimental 
effects of ice crystals and regulate the rate of cell dehydration, reducing the damages 
caused by high solute concentration during slow cooling rates (the solution effects). 
However, at high concentration and/or during prolonged equilibration time (period of 
time between adding the cells to the freezing medium plus cryoprotectant, and freezing), 
cryoprotectants denature cellular proteins and this can reduce pre-freezing viability 
(Farrant, 1970). Non-permeating compounds like sugars (glucose, trehalose, sucrose) 
and proteins (milk powder, egg yolk, glycoproteins) are frequently added to the freezing 
medium and are known for their membrane-stabilizing activity (de Leeuw et al, 1993). 
Sugars have shown a strong protective action in cryopreservation of bull semen at too 
high cooling rates, and an almost insignificant one at optimal cooling rates (Woelders, 
1997). 

Finally, the efficacy of cryopreservation can be greatly enhanced if the pre-cooled 
semen is diluted in a suitable freezing medium. The composition and osmolality of a 
freezing medium are usually based on saline or sucrose solutions, mostly similar to 
blood or seminal plasma. A good medium for fish semen should keep spermatozoa 
immotile and stable during storage. Semen is mostly stored on liquid nitrogen (LN2) at 
-196°C, in vials or straws. At this temperature, cell viability can be stored in a 
genetically stable form and is affected only by background radiation (Stoss, 1983). 

African catfish semen was first successfully cryopreserved by Steyn et al. (1985). 
Since then, different freezing protocols have been developed for this species. The most 
widely used cryoprotectant is glycerol, often in combination with glucose, but DMSO 
and DMA have also yielded good survival (Horvath and Urbanyi, 2000). Semen can be 
cooled at a fast rate when placed in LN2 vapor (Steyn et al, 1985), or a slow rate when 
working with fixed cooling rates in a programmable freezer (Steyn, 1993; van der Walt 
et al, 1993). However in most cases, sperm quality is only evaluated in terms of 
motility after thawing. When fertilization is included in the post-thaw evaluation, 
sperm:egg ratios are not optimized and often excessive (e.g. Steyn and van Vuren, 
1987). Using an excess of sperm cells for fertilization obviously masks the quality of 
cryopreserved semen, making comparison of protocols difficult. Recently, Rurangwa et 
al. (2001) have described an objective method to calculate post-thaw motility by using 
computer-assisted sperm analysis (CASA) and used a standardized fertilization ratio of 
101,400 spermatozoa per egg. 

11 
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Semen collection and preservation in African catfish, Clarias gariepinus. 
kept under husbandry conditions 

(outline of the thesis) 

The aim of this thesis was to develop techniques to enhance the reproductive 
efficiency of African catfish males kept in captivity (Figure 3). The first section of the 
thesis concentrates on the study of different methods to facilitate stripping of semen 
under abdominal massage. We then developed suitable protocols for semen 
cryopreservation, in this species. 

Initially, different maturational hormones, such as GnRH with or without a 
dopamine antagonist, and crude pituitary extracts were tested to induce semen release 
and facilitate hand-stripping of semen (Chapter 2). We then focused on developing 
techniques to inhibit the seminal vesicle development with a dietary 17a-
methyltestosterone treatment during larval stages. After sexual maturation, these males 
received a hormone treatment defined in the previous chapter, to facilitate hand-
stripping of semen (Chapter 3). Finally, we compared the effects of pituitary extracts 
and muscle contractors on the semen release response of normal males and of males 
without seminal vesicles (Chapter 4). 

In the second part of this thesis, a suitable method for freezing semen was 
developed. We first tested, under standardized conditions, different cryoprotectant 
agents, different cooling rates and different sperm:egg dilution ratios (Chapter 5). 
Then, using a low sperm:egg ratio, we studied the effects of semen temperature 
measured inside a vial during the freezing process, on semen survival (Chapter 6). In 
Chapter 7, the overall results and possible implications of these results are discussed. 
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Picture 1. The African catfish, Clarias gariepinus. 
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Stripping methods I 

Abstract 

In the hatchery-bred African catfish, Clarias gariepinus. spontaneous semen release 
does not occur and hand-stripping of semen is practically impossible. This reproductive 
dysfunction may be due to a lack of a pre-spawning gonadotropin (luteinizing hormone 
- LH) surge. To test this hypothesis, the effects of drugs that increase plasma LH levels 
were analyzed. LH-releasing hormone analogue (LHRHa), LHRHa plus a dopamine 
antagonist (LHRHa-PIM), ovaprim (salmon gonadotropin releasing hormone analogue 
plus a dopamine antagonist), carp pituitary suspension (cPS), Clarias pituitary 
suspension and combinations of cPS and ovaprim were tested. Stripped fluid, when 
present, was compared to intratesticular semen, 12 or 24 h after injection (latency time). 
Plasma LH levels increased (P<0.05) 2 h after injection in all hormone treatments, 
compared to control fish. Stripping of a few drops of fluid, containing some viable 
spermatozoa, was possible in 4 out of 5 males treated with two injections of cPS, 
sampled 12 h later, and in 13 out of 24 males treated with combinations of cPS and 
ovaprim. Spermatocrit, sperm concentration and hatching rates obtained with stripped 
fluid, however, were very low compared to those obtained with intratesticular semen, 
from the same males. The number of sperm cells collected per kg body weight increased 
only in fish treated with two consecutive injections of cPS and a 12-h latency time. 
Treatments using single injections of pituitary suspensions and treatments with LHRHa, 
LHRHa-PIM or ovaprim, did not facilitate hand-stripping of viable sperm cells, nor did 
they increase the number of sperm cells collected per kg. Based on these results, it is 
unlikely that hatchery-bred catfish males are not strippable because of a lack of the 
gonadotropin surge. 

Introduction 

In nature, the African catfish has a discontinuous annual reproductive cycle with 
alternate periods of resting, pre-spawning and breeding, regulated by cyclically active 
gonadotrophes (van Oordt and Goos, 1987). The breeding season correlates with periods 
of maximal rainfall and a pre-spawning LH surge takes place at least once during this 
period (van Oordt et al, 1987). Spawning occurs usually during the scotophase, after 
rain in recently inundated marginal areas. When catfish males were captured from the 
wild during the natural breeding season, stripping of 3-5 drops of a cloudy fluid was 
possible, 24 h after treatment with homogenized pituitary (van der Waal and Polling, 
1984). The fluid was stripped over the eggs and produced 53% of hatching; intra­
testicular (IT) semen obtained from macerated testes produced 78% of hatching. For a 
reliable large-scale artificial propagation, however, the same authors preferred to repeat 
the homogenized pituitary treatment, sacrifice the males and use IT semen from 
macerated testes (Polling et al, 1987). 

In captivity, catfish are kept under constant environmental conditions. Throughout 
the year, their pituitaries contain large and densely granulated gonadotrophes, storing 
large amounts of LH (de Leeuw et al, 1987). Their gonads show a continuous cycle 
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with numerous ripe sperm cells at all seasons (Richter et al, 1987b). However, the 
pituitary fails to release the pre-spawning LH surge and males do not release semen 
spontaneously. Under laboratory and fish-farming conditions, the natural cues are 
difficult to mimic. To be able to reliably induce year-round reproduction artificially, 
hormonal treatments have been tested, but the results were mostly disappointing. 
Treatments with cPS (Hogendoorn, 1979), Pari as pituitary homogenate and human 
chorionic gonadotropin (hCG; Hecht et al, 1982) failed to induce stripping of semen in 
African catfish. Treatment with LHRHa induced stripping of few drops of semen in 
Blue catfish Ictalurus furcatus. but sperm lost their fertilizing capacity 5 min after 
collection (Dunham, 1993). In an attempt to optimize the use of each male, techniques 
for surgical removal of part of the testis were described for Blue catfish, Channel 
catfish, I. punctatus (Bart and Dunham, 1990) and African catfish, Heterobranchus 
longifilis (Nguenga et al, 1996), but expensive veterinarian costs are involved. For 
artificial reproduction, therefore, males are killed, testes are removed and macerated, 
and IT semen is spread over the eggs. Although sacrificing males to collect IT semen is 
effective, it compromises attempts to selection and genetic improvement. 

It has been speculated that catfish under favorable husbandry conditions either do 
not release the gonadotropin releasing hormone (GnRH), or GnRH is prevented from 
eliciting its effects (Goos and Richter, 1996). If this is true, then GnRH treatment, or 
GnRH plus a dopamine antagonist (like domperidone or pimozide) treatment should 
overcome this failure, induce LH surge, stimulate semen release and facilitate hand-
stripping of semen. To investigate this hypothesis, the effects of hypothalamic hormones 
(LHRHa, LHRHa plus pimozide and salmon GnRHa plus domperidone - ovaprim), 
homologous and heterologous crude pituitary suspensions (Clarias-PS and cPS) and the 
combination of both hypothalamic hormones and crude pituitary extracts (cPS plus 
ovaprim) on African catfish males were evaluated. Plasma LH was quantified to confirm 
the occurrence of the LH surge after treatments with hypothalamic hormones. 

Material and Methods 

All experiments were carried out at the hatchery "De Haar Vissen" of the Fish 
Culture and Fisheries Group, Wageningen University and Research Center (WUR), The 
Netherlands. In experiment 1, fish were bought from a private farm (Aquafish, 
Leekerseweg 4, Venhorst, The Netherlands) two months before starting the experiment, 
when fish were about 7 months old. In experiments 2, 3 and 4, different progeny groups 
of the "De Haar Vissen" catfish were used. These fish were 12-14 months old. 

During the pre-experimental period, males were kept in groups of 10-15 males plus 
one sexually mature female. These females had fully developed gonads, with post-
vitellogenic eggs. After receiving the hormone treatment, males were individually 
housed in 120-L tanks to avoid aggressive interaction and to maximize care during the 
experimental period. All tanks were connected to a recirculating system equipped with a 
biofiltration unit and received a constant flow of well-aerated water at 25.0 ± 0.2°C, and 
at 4000 uS conductivity to prevent fungal infection. NH4

+ and NO2 were kept below 1 
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ppm and pH was kept at 6.5. Fish were hand-fed with commercial dry feed twice a day, 
ad libitum and daily monitored. 

Hormones 

Homologous catfish pituitary suspension (Clarjas-PS; obtained from a commercial 
farmer - Ir. Fleuren, Someren, The Netherlands), cPS (Crescent Research Chemicals, 
Phoenix, Arizona, USA), LHRHa (Sigma Chemical, Steinheim, Germany) and pimozide 
(PIM; Sigma Chemical, Steinheim, Germany), were each dissolved in 0.9% NaCl (w/v) 
in such a concentration that each fish received the same volume of 0.5 mL/kg body 
weight (bw). Ovaprim (Syndel, Vancouver, Canada), containing 20 ug salmon GnRHa 
(sGnRHa) and 10 mg domperidone per mL, was injected at either 0.5 or 1.0 mL/kg bw. 
Control fish received a constant volume of 0.9% NaCl (w/v) at 0.5 mL/kg bw. All 
hormones and saline were injected intra-muscularly. 

Experimental design 

Four experiments were designed to increase plasma LH levels and, consequently, 
induce hand-stripping of semen. All experiments were approved by the Ethical 
Committee judging Animal Experiments (DEC) of the Wageningen University, number 
87.a. 

Firstly, the effects of exogenous and endogenous LH on sperm quality were 
compared. Twenty fish were randomly divided over 4 groups. Each group received one 
of the following treatments (/kg bw): Clarias-PS 8 mg (the double concentration used 
for females according to normal practice in our hatchery); LHRHa 60 ug (doses varying 
from 1-100 (ig induce LH release in several fish species); LHRHa 20 ug plus pimozide 
5 mg (LHRHa-PIM; dopamine antagonist potentiates the LHRHa-induced LH surge in 
African catfish and cyprinids, so that a reduced LHRHa dose was used); or saline only 
(control). All fish were sampled 24 h after injection. 

In experiment 2, we repeated all treatments with another set of 30 fish, with the 
following changes: cPS was included for comparison with Clarias-PS, and LHRHa plus 
pimozide was substituted by sGnRHa plus domperidone (ovaprim). Thirty fish were 
randomly divided over 6 groups and each group received one of the following 
treatments (/kg bw): Clarias-PS 8 mg, cPS 8 mg, LHRHa 60 ug, ovaprim 0.5 mL 
(according to the manufacturer recommendations), ovaprim 1.0 mL, or saline only. All 
fish were sampled 24 h after injection. 

In experiment 3, the effects of repeated administration of cPS were investigated. Ten 
fish received 2 consecutive injections of cPS at 8 and 10 mg/kg bw respectively, with a 
48-h interval. Simultaneously, 6 fish received 2 injections of saline only. Five cPS-
treated fish and 3 control fish were randomly sampled 12 h after the last injection 
(latency time; LT). The remaining treated and control fish were sampled after 24-h LT. 

In experiment 4, the effects of cPS on semen as observed in experiment 3, were 
analyzed in combination with ovaprim. Two groups of 12 fish each, first received an 
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injection with cPS at 8 mg/kg bw. After 48 h, one group received a second injection of 
cPS at 5 mg/kg bw, while the other group received ovaprim at 0.5 mL/kg bw. Twenty-
four h later, all fish received a third injection with ovaprim at 0.5 mL/kg bw (cPS-cPS-
ovp and cPS-ovp-ovp groups, respectively). Simultaneously, control fish (n=6) were 
injected 3 times with saline only. Six fish from each treatment and 3 control fish were 
sampled after 12-h LT. The remaining fish were sampled after 24-h LT. 

Sampling 

After the corresponding LT, males were sacrificed in tricaine methanesulphonate 
(TMS; Crescent Research Chemicals, Phoenix, Arizona, USA) at 0.8 g/L of tap water 
for 40 min. Males were weighed, genital area was dried and hand pressure was applied 
midway between pectoral and pelvic fins, moving posteriorly right down to the 
urogenital papilla (van der Waal and Polling, 1984). This stripping process was repeated 
10-15 times for each male. The stripped fluid, when present, was collected in a test tube 
where volume was immediately measured. Then, males were dissected and testes and 
seminal vesicles (SV) were carefully removed and weighed. Gonado- (GSI) and SV-
somatic index (SVSI) were calculated as percentage of testes and SV weight, 
respectively, relative to total bw. Testes were slit, IT semen was squeezed out and 
volume was measured. IT semen and stripped fluid were kept in crushed ice during all 
analyses. 

All qualitative and quantitative analyses were carried out in duplicate for each 
sample of IT semen or stripped fluid. Spermatocrit determination was performed in 
capillary tubes in a micro-hematocrit IEC MB centrifuge equipped with a capillary tube 
rotor at 10,000 G for 3 min, at room temperature. The white packed volume was 
calculated as percentage of total volume. For microscopic sperm cell counting and 
spectrophotometric measurement, IT semen and stripped fluid were diluted 1000 times 
with 0.9% NaCl (w/v). A double Burker Turk counting chamber (W. Schreck, Hofheim 
TS.) was used to count sperm cells and determine sperm concentration per mL of 
semen. Absorbance was measured with a Beckman DU-64 spectrophotometer at a 
wavelength of 505 nm in polystyrene disposable cuvettes, according to Ciereszko and 
Dabrowsky (1993). A solution of 0.9% NaCl (w/v) served as blank. The number of 
sperm cells collected per kg bw was calculated based on IT semen volume and 
concentration. Sperm motility was assessed by mixing 15 (aL of IT semen or stripped 
fluid in 30 uL of tap water under microscope, at 200x magnification. Motility was 
subjectively scored according to the percentage of moving cells, as: 0, when no 
movement was observed; 1, when up to 25% cells were moving; 2, when up to 50% 
cells were moving; 3, when up to 75% cells were moving and; 4, when more than 75% 
cells were moving. 

IT and stripped samples of males from experiment 4 were also tested for fertility. 
One female catfish was treated with cPS at 4 mg/kg bw and stripped of eggs 12 h later 
(25°C). For fertilization, we followed the standardized method described previously 
(Viveiros et al, 2000). Each portion of 0.2 g eggs was fertilized with 100 uL of IT 
semen (previously diluted 200 times with 0.9% NaCl, w/v) or stripped fluid (undiluted). 
The fertilization trial was carried out in duplicate for each semen sample. The 
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percentage of hatched larvae from the total number of eggs in contact with sperm, was 
calculated 24 h after fertilization (30°C). 

Radio-immuno assay (RIA) 

To confirm that treatments with hypothalamic hormones alone or in combination 
with a dopamine antagonist induced LH surge and that the LH content of pituitary 
suspension increased plasma LH levels, 18 fish were divided over 6 groups. Each group 
was injected intra-muscularly with one of the following hormones (/kg bw): LHRHa 60 
ug, LHRHa 20 ug plus PIM 5 mg, ovaprim 0.5 mL, ovaprim 1.0 mL, cPS 8 mg, or 
saline. Blood was sampled 2 and 8 h after hormone injections. These time points were 
chosen based on plasma LH profiles obtained after hypothalamic hormone injections 
described in Schulz et al. (1993) and Goos et al. (1987) for males, and in Richter et al. 
(1987a) and van Asselt et al. (1988) for females catfish. Blood was collected in 
Eppendorf tubes containing 6% sodium citrate and 0.9% NaCl (w/w), centrifuged at 300 
G for 10 min at 4°C. Plasma was stored at -20°C. RIA for LH quantification was 
performed as described previously (Schulz et al., 1995). 

Statistical analyses 

For each treatment, data from all males and duplicate measurements for IT semen 
quality were pooled per parameter to calculate mean and standard deviation. When 
control fish were sampled at different LT, as in experiments 3 and 4, data were only 
pooled after checking for any significant difference between LT groups. Stripped fluid 
was not analyzed statistically due to low number of strippable fish per treatment. The 
presence of blood in stripped fluid samples disturbed the spermatocrit reading, thus we 
preferred to refer to it as cell packed volume. All statistical analyses were carried out 
using the SAS 6.11 package (SAS Institute Inc., 1990). Each parameter was tested for 
significant differences by ANOVA using the parametric general linear model procedure, 
followed by Duncan's multiple range test. For GSI, SVSI, spermatocrit values and 
hatching rates, the residues of each model were tested for normality using the univariate 
procedure. Data on spermatocrit and optical density of IT samples from all 4 
experiments were regressed on IT sperm concentration per mL, to obtain a linear 
equation. Correlation was expressed as Pearson correlation coefficient (r). Data on 
plasma LH level was processed after logarithmic transformation. Means were tested for 
significant differences by ANOVA, followed by Duncan's multiple range test. P-values 
<0.05 were regarded significant. 

Results 

Experiment 1 

Stripping of semen was not possible after treatments with Clarias-PS. LHRHa or 
LHRHa-PIM. Internal inspection of the fish revealed that testes were still small (only 
9.5 ± 1.7 g), despite an age of 9 months and a mean bw of 1.5 ± 0.2 kg. IT semen 

25 



Chapter 2 

volume was only 3.6 ± 1.3 mL (Table 1). As these fish originally came from a 
commercial farm, the immaturity of their gonads possibly resulted from selection 
programs for fast growth and delayed sexual maturity. Clarias-PS treatment increased 
(P<0.05) GSI and semen volume, compared to LHRHa-PIM treatment, and decreased 
(P<0.05) sperm concentration and spermatocrit, compared to both control and LHRHa-
PIM treated group. GSI, SVSI, semen volume and the number of sperm cells collected 
per kg were not affected by any treatment, compared to control (Table 2). 

Experiment 2 

Mean bw of all 30 fish was 3.5 ± 0.4 kg and testes weight in control fish was 29.2 ± 
10.8 g. Stripping of a fluid was possible after treatments with Clarias-PS (n=l), ovaprim 
at 0.5 mL/kg (n=2) and ovaprim at 1 mL/kg (n=3). The stripped fluid, however, was 
watery and bloody and there were no moving sperm cells after addition of water (score 
0; Table 1). Determination of sperm concentration was, therefore, not meaningful. GSI, 
IT semen volume, sperm concentration and sperm cells/kg were not affected by any 
treatment, compared to control (Table 3). Clarias-PS and cPS treatments increased 
(P<0.05) SVSI compared to LHRHa and control groups. CPS treatment increased 
(P<0.05) both GSI and semen volume, compared to LHRHa treatment, and decreased 
(P<0.05) spermatocrit, compared to LHRHa, ovaprim at 0.5 mL/kg and control groups. 

Experiment 3 

Mean bw of all 16 fish was 3.3 ± 0.4 kg and testes weight in control fish was 19.4 ± 
10.0 g. Stripping was possible after treatment with two cPS injections, but only after 12-
h LT (n=4). The stripped fluid was watery and had a mean volume of 0.9 mL, a mean 
cell packed volume of 2.0% and a mean sperm concentration of 0.55 x 109 cells/mL. 
Motility was very low, with a maximum score equal to 1 (Table 1). Treated fish sampled 
after 24-h LT were not strippable. CPS treatment increased (P<0.05) GSI and IT semen 
volume, and decreased (P<0.05) spermatocrit values, compared to control fish. Three 
times more sperm cells/kg were collected from treated fish sampled after 12-h LT, 
compared with control fish (Table 4). 

Experiment 4 

Mean bw of all 30 fish was 3.3 ± 0.7 kg and testes weight in control fish was 32.1 + 
19.9 g. Stripping was possible in some fish after all combinations of cPS and ovaprim. 
Mean stripped volume was larger than 1 mL with at least 0.69 x 109 sperm cells/mL in 
all treatments. However, the stripped fluid was watery, sometimes bloody and motility 
was generally low (maximum score 1; Table 1). Hatching rates were very poor with a 
maximum of 4.3% produced with stripped fluid from cPS-cPS-ovp treated fish, sampled 
after 24-h LT. Stripped samples from the other treatments produced 0% of hatching. 
GSI, SVSI, IT semen volume, sperm cells/kg and hatching rates produced with IT 
semen were not affected by any treatment, compared to control. CPS-cPS-ovp treatment 
decreased (P<0.05) spermatocrit and sperm concentration in fish sampled after 12-h LT, 
compared to control. CPS-ovp-ovp treatment decreased (PO.05) spermatocrit and 
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