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Abstract
Some adult elasmobranchs are able to adapt to dilute seawater environments by adjusting tissue levels and excretion of nitrogenous osmolytes.  Embryonic elasmobranchs undergoing rapid development and feeding endogenously may not yet have developed the same osmoregulatory abilities as adults.  We tested the hypothesis that embryonic skates (Raja erinacea) would differ in their osmoregulatory characteristics relative to adult skates.  Under control conditions, the ratio of urea: TMAO and other organic osmolytes was 2.1:1 in 3 month embryos, 2.3:1 in 3 month yolk, and 2.5:1 in 8 month muscle tissue.  Detectable levels of the ornithine urea cycle enzymes ornithine transcarbamoylase (OTCase), carbamoyl phosphate synthetase III (CPSase III), and arginase, as well as the accessory enzyme glutamine synthetase (GSase), were found in 3 month embryos and 8 month muscle tissue.  When exposed to dilute 75% (25 ppt) seawater versus 100% seawater (33 ppt), skate embryos at 4 and 8 months significantly increased excretion of urea to the environment for up to 24 h after exposure.  There was a significant decrease in tissue urea (-18%) and TMAO (-20%) levels and yolk urea (-17%) and TMAO (-17%) levels in 4 month embryos exposed to 75% seawater for 120h.  These findings contradict our hypothesis and suggest that osmoregulatory mechanisms similar to adult skates are present at very early stages of development.

Introduction and Objectives
Marine elasmobranchs maintain high levels of organic osmolytes in their tissues to remain isoosmotic to their seawater environment.  High tissue levels of urea, the predominant osmolyte in elasmobranch tissues, are maintained by production in the liver and retention mechanisms in the gill and kidney.  Trimethylamine oxide (TMAO), generally the second most predominant osmolyte in elasmobranch tissues, is sometimes produced in the liver (often obtained in the diet) and is also reabsorbed in the kidney.  Some elasmobranch species, including the little skate, can adapt to dilute seawater environments by down-regulating the production of urea and excreting more urea and other osmolytes to the environment (for review see Yancey, 2001).  Embryonic elasmobranchs undergoing rapid development and feeding endogenously may not possess the same mechanisms as adults to produce and maintain osmolytes at the appropriate concentrations under dilute seawater conditions.  The objectives of this study were to determine 1) if embryonic little skates have similar osmolyte concentrations and urea cycle enzyme activities as adults and 2) if they are able to down-regulate urea and TMAO tissue concentrations in dilute seawater environments. 

Materials and Methods

A resident breeding colony of little skates were housed in the Hagen Aqualab, University of Guelph.  Little skate embryos were removed from their egg cases and placed in individual chambers of either 12L of 100% (33 ppt) or 75% (25 ppt) artificial seawater.  Water was aerated and changed every 48 h to prevent the accumulation of excreted wastes.  Animals were kept on a 15h:9h light:dark photoperiod.  Excretion rates of urea and ammonia were measured every 24 h for 5 days (120 hours), at which point the animals were weighed and tissues were isolated for later analyses of urea, ammonia, TMAO, and OUC enzymes.  Urea in water and tissue samples was measured using the method of Rahamatullah and Boyde (1980).  Tissue ammonia was measured using a Sigma diagnostic kit (170-C), and water ammonia was measured using the method of Ivancic and Deboggis (1984).  Tissue TMAO levels were measured using the method of Weckell and Barnett (1991).  OUC enzymes were measured using the methods described by Steele et al. (2001).

Results

Under control conditions, 4 month post-conception embryos had tissue levels of urea and TMAO of 330 and 106 mM respectively, while in the yolk levels are 231 and 71 mM. Levels of other osmolytes taken together (e.g. sarcosine, betaine, and (-alanine) were 51mM in the tissue and 30 mM in the yolk.  Muscle tissue of 8 month old embryos was found to contain 345 mM urea, 62 mM TMAO, and 76 mM of other organic osmolytes.  Detectable levels of three OUC enzymes and one accessory enzyme were found in the embryonic tissue of 3 month and 8 month embryos (Table 1).
Table 1:  Activities of ornithine urea cycle enzymes in the tissues of 3 and 8 month post-conception little skate (Raja erinacea) embryos.  Units are umol/g wet weight/min for OTCase, GSase, and arginase, nmol/g wet weight/min for CPSase III.  Values are mean ± SEM (n = 6)

	
	3 month embryo
	8 month muscle

	CPSase III
	17.02 ± 1.54
	7.51 ± 1.26

	OTCase
	9.07 ± 1.10
	10.20 ± 1.97

	Arginase
	3.93 ± 0.42
	1.22 ± 0.17

	GSase
	1.68 ± 0.29
	1.26 ± 0.42


Urea excretion was significantly increased at the onset of exposure to 75% seawater in both 4 (10.1 ( 1.3 umol N/g/h versus control, 1.0 ( 0.3 umol N/g/h) and 8 (0.5 ( 0.1 umol N/g/h versus control, 0.1 ( 0.01 umol N/g/h) month old embryos.  Urea excretion remained significantly higher in 8 month old embryos after 24 h in 75% seawater, while values in 4 month old embryos returned to control levels at 24h.  Ammonia excretion could not be detected in 4 month old embryos.  In 8 month old embryos, ammonia excretion rates were approximately 0.15 umol N/g/h and did not differ between 75% and 100% seawater.  Tissue levels of urea and TMAO were both decreased in 4 month old embryos exposed to dilute seawater (Fig 1). 
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Figure 1.  Stacked tissue levels (mmol/kg + SEM) of urea and TMAO in the embryo and yolk of 4 month post conception embryos of the little skate.
Preliminary Conclusions

The data indicate that at as early as 3 months of development, little skate embryos express detectable levels of OUC enzyme activities that are approximately 5% of levels expressed in the adult liver.  The ratio of urea to TMAO and other osmolytes in tissues and yolk were very similar to those reported in adults.  Embryonic skates can also down regulate tissue levels of urea and TMAO in response to dilute seawater.  This down regulation can be attributed, at least in part, to an increase in the rate of urea excretion to the environment.
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