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Abstract: In vertebrates, the central nervous system (CNS) develops as a tube called the 

neural tube. Ependymal cells seal the inner surface of the brain ventricle, and movement of 

the cilia on the apical surface of the ependymal cells generates fluid flow called 

cerebrospinal fluid flow. The role of cerebrospinal fluid flow for the process of neurogenesis 

and regionalization of the CNS remains unveiled. In this study, using albino larvae of 

Xenopus laevis, we report a new methodology to clearly visualize the semitranslucent 

morphology of the brain ventricle and patterning of the fluid flow within the cavity during 

amphibian CNS development. Microinjection of the quantum dot (fluorescent nanocrystal) 

through the roof plate of the fourth ventricle rapidly and efficiently visualized the whole 

brain ventricle under fluorescent micrography, enabling us to trace the complicated 

morphology during development of the third, fourth and lateral ventricles. Microinjection of 

polystyrene beads (3.1�m in diameter) into the fourth ventricle also efficiently dispersed 

into every corner of the brain ventricle. This technique revealed that fluid flow within 

fourth ventricle displays dorso-ventral asymmetry. In 60% of the embryos examined, the 

rearward fluid flow within the third ventricle shifted to the left at the dorsal portion of the 

ventricle, whereas, in the other larvae, it was quite bilateral. These results suggest that 

fluid flow within the developing CNS is generated by a highly integrated, position-dependent 

metachronal wave of cilia on ependymal cell surfaces. This report is the first description of 

left-right asymmetric fluid flow in the brain ventricle of vertebrates, encouraging us to 

examine the relationships between the laterality of tadpole behavior and left-right 

asymmetry underlying the molecular anatomy of the developing brain. 

Keywords: albino, cerebrospinal fluid flow, nanocrystal, polystyrene beads, left-right 

asymmetry
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