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Abstract

The concentrations of some essential elements, Na,
K, P, S and Cl were determined by microprobe analysis
in bovine extracellular matrices of cartilage, tendon
and elastic tissue (ligamentum nuchae) and in muscle

cells. The values for the different tissues were
compared and related to the blood electrolyte
concentrations. Among the connective tissues the

highest Na and lowest Cl values were found for
cartilage which bears a high negative charge. The
lowest concentrations of these elements occurred in
elastic tissue which is relatively non-polar. In the
three extracellular matrices sodium levels exceeded
potassium. In myofibers potassium was the major
cation at 30 times the blood value and about 3 times
the concentration of sodium. Chlorine values were
around 0.4 that of blood. Sulfur and phosphorus are
components of the tissue macromolecules. The negative
charge on the extracellular matrices is a function of
carboxyl and sulfate radicals. In the myofiber this
property is largely attributable to carboxyl and
phosphate groups. Differences in potassium-sodium
distribution in cells and extracellular matrices are
attributed partly to the microtrabecular lattice and to
the ordered state of cell water. In general the element
concentrations and selective distribution can be related
to the chemical composition and organization of the
tissue, the net immobile charge, the nature of the
dispersion medium (water) and changes in its dielectric
constant, and to the physico-chemical properties of the
individual ions.
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Introduction

No unanimity exists regarding the basis of cell and
tissue distribution of ions. The concentration of ions in
the blood of vertebrates in both sea water and land
environments was the topic of Macallum’s magisterial
study (21). For the land animals it is clear that the
absolute values of blood Na, K, Ca, Mg and Cl follow
closely similar patterns, and that across the aquatic
species as well, ratios of ions with respect to any one of
them, e.g., Na, tend to constant values (19).

Cell and tissue values in general differ markedly
from those of blood. The present study will attempt to
relate these values to: 1) the chemical composition of
the tissue, 2) the net immobile charge of the tissue, 3)
the nature of the dispersion medium (water) and
changes in its dielectric constant, 4) the properties of
the individual ions, such as charge, ionic radius and

hydration. This treatment is based on work of the
present authors and that of N. R. Joseph
(6,10,11,16-19).

Morphologic studies of the "microtrabecular

lattice", NMR results and recent in vivo measurements
of dielectric constants in a number of tissues support
the idea that cell water is organized and displays a
lower dielectric constant than normal bulk water
(5,7,19,20,22-24,27).

Three connective tissues and one type of cell were
selected for study by microprobe analysis. Cartilage,
tendon, and elastic tissue differ markedly in several of
the properties enumerated above. Skeletal muscle used
as representative of a cellular tissue likewise has
distinctive individualized behavior based on the
properties listed. These will be discussed in relation to
the results. Microprobe analysis has the advantage
over biochemical analysis that cellular and
extracellular domains can be individually resolved so
that the results are not vitiated by an admixture of the
two.

Material and Methods

Tissues were obtained from heifers aged 18-24

.
Beef ligamentum nuchae is a source of elastic tissue.
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shown by Appleton (3). As expressed in the reply to
Cameron, we do not believe that the 30 minute delay
has significantly affected our results.
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