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SHORT COMMUNICATION



The potential of Artemia-mediated delivery of a gonadotropin-releasing hormone analogue to induce ovulation in the cardinal tetra (Paracheirodon axelrodi) S. Burton, H. Kaiser and T. Hecht Department of Ichthyology and Fisheries Science, Rhodes University, PO Box 94 Grahamstown 6140, South Africa Artemia-mediated delivery of a gonadotropin-releasing hormone analogue (GnRHa) to broodstock cardinal tetras showed the potential to induce ovulation, as assessed by manual stripping. Exposure of the Artemia to the GnRHa for between 30 and 60 min was optimal for inducing ovulation while shorter and longer periods showed a trend to a decreasing percentage of ovulating ®sh. Further research on this method is warranted as the method could be applied to other ®sh species. KEYWORDS: Artemia, bioencapsulation, gonadotropin-releasing hormone analogue, induced ovulation



The use of brine shrimp, Artemia spp., nauplii as a delivery system for dietary enrichment or chemotherapeutics to ®sh larvae has been well documented (Aguilar-Aguila et al., 1994; Dixon et al., 1995; Lavens and Sorgeloos, 1996; Touraki et al., 1996). However, the potential use of this technique for treating either larval or adult ®sh with other substances, such as hormones, has received relatively little attention. Garrett (1989) tested the effect on the sex determination of larval largemouth bass of various steroids, either incorporated into pellet feed or bioencapsulated into Artemia. Bioencapsulated steroids were more effective in determining sex (100% sex change for oestradiol, oestrone, testosterone and androsterone) than incorporating the hormone into pelleted feed (54 and 51% sex change for oestradiol and oestrone, respectively and 90 and 93% sex change for testosterone and androsterone, respectively). In our series of preliminary experiments, Garrett's (1989) method was used for enriching Artemia with a commercially available combination of a gonadotropin-releasing hormone analogue (GnRHa) and a dopamine antagonist. Artemia nauplii were exposed to the hormone preparation for different durations and fed to adult female cardinal tetras (Paracheirodon axelrodi) to test whether this method of bioencapsulation had any effect on ovulation of the ®sh and to identify the optimum duration of exposure.  Author to whom correspondence should be addressed (e-mail: [email protected]). 1357±5325 # 1998 Chapman & Hall
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In all trials, ®sh were randomly selected from broodstock holding tanks and conditioned for 1 week in 20-l tanks that were part of a recirculating system with a biological ®lter unit as described by Burton (1998). The system was heated to maintain a temperature of 25 8C. Arti®cial lighting was controlled using timers to achieve a 12 : 12 h L : D photoperiod. During the conditioning period ®sh were fed twice per day to satiation on pelleted dry feed (48% protein, 30% carbohydrate and 8% fat). At the beginning of each experiment, the tanks were isolated from the rest of the recirculating system to avoid possible pheromonal interference from other treatments (Stacey et al., 1993). The tanks were individually aerated and maintained at 25 8C for the duration of the 5-day trials. In the ®rst experiment, six ®sh were kept in each tank and eight ®sh were kept per tank in the remaining three studies. At the start of each trial, 1 week old Artemia franciscana nauplii were placed into conical ¯asks containing a 33.3% hormone solution (100 ìg GnRHa and 500 ìg domperidone per 5 ml of saline (9 g NaCl lÿ1 )) in salt water. The ¯asks were vigorously aerated at 25 8C under a 100 W incandescent bulb for different durations per trial (Table 1). The amount of Artemia nauplii used and the ¯ask volumes differed slightly between trials. In the ®rst trial, 0.5 g of Artemia were kept in an 8 ml solution, in the second trial 1.5 g were kept per 16 ml and in the remaining two trials 1.0 g were kept in 8 ml. In all trials, ®sh were fed 0.04 g Artemia per g ®sh in one feeding. The amount of feed offered was based on previous tests in which cardinal tetras were observed to Table 1. Numbers of ovulating female cardinal tetras (P. axelrodi ) fed 0.04 g Artemia nauplii per g ®sh in one feeding Duration



Number of ovulating ®sha Trial 1



0 15 20 30 40 45 50 60 75 80 90 105 120 135



min min min min min min min min min min min min min min



0=6 ± ± 4=6 ± ± ± 2=6 ± ± ± ± 1=6 ±



Trial 2 a



0=8 1=8 ± 4=8ab ± 6=8b ± 4=8ab 2=8ab ± 3=8ab 1=8ab 0=8a 0=8a



Trial 3 a



0=8 ± 1=8ab ± 6=8b ± ± 5=8ab ± 2=8ab ± ± ± ±



Trial 4 0=8 ± ± 0=8 1=8 ± 0=8 1=8 ± ± ± ± ± ±



a Trial 1, 0.5 g Artemia per 8 ml of solution, six ®sh per treatment (p , 0:08); trial 2, 1.5 g Artemia per 16 ml of solution, eight ®sh per treatment (p , 0:03); trial 3, 1.0 g Artemia per 16 ml of solution, eight ®sh per treatment (p , 0:01); trial 4, 1.0 g Artemia per 8 ml of solution, eight ®sh per treatment (p . 0:5). The nauplii had been exposed for different periods to a 33% solution of a GnRHa=domperidone mixture. Values with different superscripts differed signi®cantly from each other (Kruskall±Wallis test).
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eat a mean of 0.04 g Artemia per g ®sh in a 2-min period (unpublished). Since no study had investigated this method before, the concentration of hormone solution (33.3%) was chosen as an initial test concentration. The ®sh were left in the conditioning tanks for 4 days and nights, removed on the morning of the ®fth day and all females were checked for evidence of ovulation by manual stripping. Each ovulated ®sh was given a score of 1 while non-ovulated p ®sh were given a score of 0. These results were transformed by a factor of x ‡ 1 and a Kruskal±Wallis test was performed on the transformed data. If a signi®cant difference was found between treatments, a Student± Newman±Keuls multiple comparison procedure was performed to identify which of the treatments differed signi®cantly from any other (Zar, 1984). In all four trials the water temperature in the ®sh tanks remained at 25  0:2 8C and the pH remained at 5.5. The conductivity was in the range 94ÿ99 ìS cmÿ1 . There were no signi®cant differences in the percentages of ovulating ®sh between the treatments in the ®rst trial ( p . 0:08) (Table 1). None of the control ®sh ovulated, while seven out of 24 ®sh fed enriched Artemia ovulated (trial 1, Table 1). Although the treatments did not differ signi®cantly from each other, ovulation in the treatments and the lack of ovulation in the control group provided motivation to repeat the study with a larger number of treatments and more ®sh per treatment. In the second run, there was a signi®cant difference in the percentage of ovulating ®sh between the different enrichment times (Table 1). Enriching Artemia for 45 min resulted in a signi®cantly higher percentage of ovulating ®sh (six out of eight ®sh) than in the control where no ®sh ovulated. The same was true between the 45 min treatment and the 120 and 135 min treatments ( p , 0:003). Feeding female cardinals Artemia exposed to Aquaspawn1 was effective in inducing ovulation and appeared to depend on the length of the enrichment period. The optimum bioencapsulation period was estimated to be approximately 45 min. The third run was designed to investigate this enrichment period in greater detail and to con®rm this hypothesis further. There was a signi®cant difference in the percentage of ovulating ®sh between the different enrichment times in the third trial. This difference was between the 40 min treatment (six out of eight ®sh) and the control group with no ovulating ®sh ( p , 0:01). Again, feeding females enriched Artemia effectively induced ovulation. The results provided repeated evidence that the optimum enrichment period was approximately 40±60 min. The fourth trial was designed to investigate the period from 0 to 60 min at 10 min intervals. However, there were no signi®cant differences in the percentages of ovulating ®sh between the different enrichment times in the fourth experiment ( p . 0:5) as only two out of 40 ®sh ovulated. As in all previous trials, no ovulation was recorded in the control group. The reason for the low number of ovulating ®sh is not clear as the same hormone preparation and method of enrichment and conditioning was used as in the previous three experiments. As the experiments were conducted over a period of several weeks, the increasing age of the ®sh and potential seasonal effects due to endogenous rhythms in the wild-caught ®sh may have played a role in depressing ovulation. However, this was not tested during the course of this investigation as there was only one batch of broodstock available.
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The results lead us to suggest that more work needs to be done in this ®eld. This could yield new techniques as alternatives to injection in treating small ®sh with hormone preparations. In future studies, bioassays should be performed on Artemia nauplii to investigate how effectively and reliably the Artemia assimilate the hormone. Furthermore, this method can be tested on a number of small ®sh species that do not spawn freely in captivity. Bioencapsulation of hormone preparations has an advantage in treating small ®sh species in their tanks without disturbance or handling stress. Thus, oral administration of hormone preparations has potential in the propagation of small ®sh species and warrants further investigation. ACKNOWLEDGEMENTS This study was supported by a grant from the Liberty Life Educational Foundation of South Africa. We would like to thank Spawnrite, Ltd (Cape Town, South Africa) for donating the hormone analogue (Aquaspawn1) and the anonymous reviewer for the constructive comments. REFERENCES Aguilar-Aguila, A., Tejeda Mansir, A. and Ruiz Manriquez, A. (1994) Using brine shrimp as a drug carrier for therapeutic applications in aquaculture. Aquacultural Engineering 13, 301±309. Burton, S. (1998) The effect of environmental factors and hormone treatments on ovulation rate and spawning success in cardinal tetras, Paracheirodon innesi (Pisces: Characidae). MSc thesis, Rhodes University, South Africa. Dixon, B.A., Van Pouke, S.O., Chair, M., Dehasque, M., Nelis, H.J., Sorgeloos, P. and De Leenheer, A.P. (1995) Bioencapsulation of the antibacterial drug sara¯oxacin in the nauplii of the brine shrimp Artemia franciscana. Journal of Aquatic and Animal Health 7, 42±45. Garrett, G.P. (1989) Hormonal sex control of largemouth bass. Progressive Fish Culturist 51, 146±148. Lavens, P. and Sorgeloos, P. (1996) Manual on the Production and Use of Live Food for Aquaculture. Food and Agricultural Organization of the United Nations, Gent, Belgium, pp. 101±290. Stacey, N.E., Sorensen, P.W. and Cardwell, J.R. (1993) Hormonal pheromones: recent developments and potential application in aquaculture. In: Lahlou, B. and Vitiello, P. eds, Aquaculture: Fundamental and Applied Aspects. Coastal and Estuarine Studies. American Geophysical Union, Washington, DC: pp 227±241. Touraki, M., Mourelatos, S., Karamanlidou, G., Kalaitzopoulou, S. and Kastritsis, C. (1996) Bioencapsulation of chemotherapeutics in Artemia as a means of prevention and treatment of infectious diseases of marine ®sh fry. Aquacultural Engineering 15, 133±147. Zar, J.H. (1984) Biostatistical Analysis. Prentice Hall, Inc., Englewood Cliffs, NJ. 718 pp.
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