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Summary. Chondrocytes exist in an unusual and 
variable ionic and osmotic environment in the extra- 
cellular matrix of cartilage and are responsible for 
maintaining the delicate equilibrium between extra- 
cellular matrix synthesis and degradation. The  
mechanical performance of cartilage relies on the 
biochemical properties of the matrix. Alterations to the 
ionic and osmotic extracellular environment of chondro- 
cytes have been shown to influence the volume, 
intracellular pH and ionic content of the cells, which in 
turn modify the synthesis and degradation of extra- 
cellular matrix macromolecules. Physiological ion 
homeostasis is fundamental to the routine functioning of 
cartilage and the factors that control the integrity of this 
highly evolved and specialized tissue. Ion transport in 
cartilage is relatively unexplored and the biochemical 
properties and molecular identity of membrane transport 
mechanisms employed by chondrocytes in the control of 
intracellular ion concentrations and pH is not fully 
defined and this review focuses on these processes. 
Chondrocytes have been shown to express voltage and 
stretch activated ion channels, passive exchangers and 
ATP dependent ion pumps. In addition, recent studies of 
transport systems in chondrocytes have demonstrated the 
presence of isozyme diversity that includes Na+/H+ 
exchange (NHE1, NHE3), Na+, K+-ATPase (several 
isoforms) and others each of which possess considerably 
different kinetic properties and modes of regulation. This 
multitude of isozyme diversity indicates the highly 
specialized handling of ions and protons in order to 
accomplish a fine regulation of their transmembrane 
fluxes. The complexities of these transport systems and 
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their patterns of isoform expression underscore the 
subtlety of ion homeostasis and pH regulation in normal 
cartilage. Perturbations in these mechanisms may affect 
the physiological turnover of cartilage and thus increase 
the susceptibility to degenerative joint disease. 
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Introduction 

Articular cartilage is a mechanically unique 
connective tissue designed to withstand load and act as 
an elastic shock absorber and wear resistant surface to 
the articulating joints. Within articular cartilage, only 
one cell type is found: the chondrocyte. This is a highly 
specialized cell solely responsible for the synthesis and 
maintenance of cartilage matrix, a meshwork of collagen 
11, non-collagenous proteins and aggregating proteo- 
glycans (see Fig. 1) (Muir, 1995; Buckwalter and 
Mankin, 1997a). Cell density in cartilage is low 
compared to other tissues. In adult human cartilage, 
chondrocytes occupy less than 1% of the total tissue 
volume (Stockwell, 1971, 1991) (Fig. 2A). In foetal 
human cartilage and cartilage from small animals the 
cell density is significantly higher. Although chondro- 
cytes vary in size, shape, morphology and metabolic 
activity, they all possess the ability and intracellular 
organelles for the biosynthesis and degradation of the 
extracellular matrix. They surround themselves with 
extracellular matrix but do not form cell-to-cell contacts 
(Fig. 2C). The tissue is organized into three principal 
layers or zones, each of which has distinct biochemical, 
biomechanical and physiological characteristics. The 
chondrocytes in each zone also have characteristic 
shapes, sizes and orientations with respect to the 




































