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Introduction

The cardiovascular system is the first organ system to function during vertebrate development, but for tiny animals like zebrafish the physiological importance of the early onset of cardiac activity is not yet understood. Among other possible functions this is believed to be related to hormonal communication, osmoregulation and haemodynamic force generation, which may be important for angiogenesis and also for cardiogenesis (Hove et al. 2003). For these and possible other functions we hypothesize that the maintenance of a stable blood pressure is imperative. This hypothesis includes that typical extrinsic and intrinsic mechanism controlling heart performance should be implemented early during development. Several antihypertensive control mechanisms are possibly involved in cardiac regulation:

· Frank–Starling-mediated reductions in stroke volume and cardiac output

· Differences in plasma concentration of vascular mediators in response to increased/decreased shear stress or blood velocity working indirectly via altered pre- and afterload due to changes in vessel diameters affecting arterial pressure

· Differences in catecholamine plasma concentration

In the present study we analyzed the possible mechanisms that may contribute to cardiovascular control in early developmental stages. 

Methods and Results

In anaesthetized and immobilized larvae of Danio rerio (2 – 9 days post fertilization, dpf) we analyzed the time schedule of the appearance of adrenergic receptors.  Injections of 1000 nl isoproterenol (β-adrenergic agonist, 10-2M) into the extravascular space close to the ventricle led to an immediate increase in heart rate beginning already at 3 dpf, while stroke volume remained unchanged. With phenylephrine (β-adrenergic agonist, 10-2M) no changes in all parameters could be were observed. Incubation with propranolol (β-adrenergic antagonist, 10-2M) led to a significant decrease in heart rate with a small but non-significant increase in stroke volume (3-9 dpf). 

The ability to adopt cardiac performance in the face of a blood volume change was assessed in anaesthetized and immobilized Danio rerio (3 – 9 days post fertilization, dpf) by withdrawal (2 nl) of blood. Starting at 4 dpf in all stages a withdrawal of approximately 2 nl blood led to an increase in heart rate, while stroke volume decreased significantly (from 6-9 dpf). An overview of these results is shown in table 1.

Conclusions

The results of the present study show that baroreceptors, intrinsic control mechanisms like the Frank-Starling Mechanism and also humoral control mechanisms appear very early during development (3 – 6 days post fertilization) in zebrafish larvae. Similar experiments were performed in Xenopus laevis by Warburton and Fritsche (2000). They described the ability of stage 49–51 (Nieuwkoop and Faber) larvae to correct a volume-load-induced hypertension, but found no evidence for a baroreflex in these early stages. Vascular reactivity appears to be present very early in developing lower vertebrates: zebrafish (7 dpf, nitric oxide) and Xenopus leavis (nitric oxide and endothelin, stage NF 50-53) (Fritsche, Schwerte, and Pelster 2000; Schwerte, Printz, and Fritsche 2002). Receptors sensing hypoxic conditions and inducing a change in cardiac activity were shown to be present as early as 3 or 4 dpf in zebrafish larvae (Jacob et al. 2002). The early presence of these control mechanisms strongly supports the hypothesis that the early function of the cardiovascular control system is a possible prerequisite for its own maturation. To test this hypothesis we are currently working with cardiac mutants and pharmacological attempts to investigate possible changes in angiogenesis and erythropoesis (in zebrafish) with a disturbed cardiovascular performance.

Parts of this study were funded by a grant of the University of Innsbruck (to TS) and a grant of the Fonds zur Förderung der wissenschaftlichen Forschung Austria (FWF P16272-B06 to TS).
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Table 1: Overview of changes in hear trate (HR), stroke volume (SV) and cardiac output (CO) resulting from application of isoproterenol (β-adrenergic agonist, 10-2M), incubation with phenylephrine (β-adrenergic agonist, 10-2M), propranolol (β-adrenergic antagonist, 10-2M) and volume deload of venous return (2nl from the sinus venosus)
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