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The first organ that functions during larval development is the cardiovascular system. Zebrafish larvae acquire the oxygen by bulk diffusion until about 12dpf (Pelster and Burggren, 1996; Jacob et al. 2002), therefore the cardiovascular system obviously is not only needed for the transport of oxygen. Among other things also the distribution of nutritions and hormones appear to be important, and the immune system may in part also depend on convective transport. Thus, control over the cardiovascular system should be established quite early during development. It is known that zebrafish larvae are responsive to adrenaline beginning at 3dpf and respond according to the Frank-Starling mechanism at 5dpf (Schwerte et al., personal communication). Fritsche et al. (2000) described observations of vascular reactivity against NO starting at 7dpf old zebrafish larvae. It is also already known that there is a link between blood pressure and/or shear stress and angiogenesis as well as cardiogenesis (Hove et al., 2003)

If shear stress is connected to angiogenesis it might be possible that alterations in cardiac output and blood flow may cause changes in vascularization of tissues. Another interesting aspect would be the question which of the various parameters connected to cardiovascular performance or depending on sufficient blood supply would be most important for controlling cardiovascular activity? An overview of our current knowledge of short and medium term regulation of cardiovascular activity in larvae is shown in figure 1.

A reduced cardiac performance can be observed in numerous mutants (e.g. breakdance - bre), it can also be induced by pharmacons (e.g. Quinidine). Using high speed video imaging enables us to monitor the contracting heart and the developing vessel system of the transparent zebrafish larvae. 

Bre-zebrafish larvae typically show an atrioventricular block, i.e. the atrium contracts twice while the ventriclecontracts only once. The expression of this 2:1 rhythm is not constant, but it depends on the upbringing temperature and the age of the larvae. At lower temperature a 1:1 heart beat often is observed, but heart rate is significantly lower than that of wildtype zebrafish. The same is true for older larvae. Remarkable is the temperature insensitivity during 2:1 contraction. Larvae raised at 25°C, 28°C or 31°C have a ventricular contraction rate of about 80 bpm, irrespective of the temperature. If beating in the 1:1 rhythm temperature sensitivity of heart rate even appears to be reversed. Animals raised at 31oC have a lower heart rate in the 1:1 rhythm than animals raised at 25 oC.  Blood pressure in bre – mutants is reduced compared to wild type animals. 

An artificial reduction in heart rate to 50% can be triggered by incubation of larvae with the pharmacon Quinidine, a blocker of K+-channels. Zebrafish larvae incubated in Quinidine create a very low enddiastolic volume. This combined with the low heart rate caused a significantly reduced cardiac output. Another consequence of Quinidine was the dilatation of larger vessels (Caldwell et al., 1983). Thus, a decreased blood pressure can be expected, and was confirmed by Mariano et al., 1992 who also mentioned an α-adrenergic neurotransmission blocking.

Comparing bre, Quinidine incubated and wildtype zebrafish larvae a different blood allocation is seen but no significant changes in the main vascularization pattern could be detected. Thus, the basic development of vessels (at least of the major vessels) appears to be independent of the blood pressure. Currently we are focussing on blood vessels that develop in the angiogenetic processes. This might be a more potent field to find blood pressure related changes in the construction of the vascular bed. 
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Figure 1: Short and medium 
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