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Introduction

The human body has been a focus
of attention for thousands of years. The
ancients wished to mummify it to assure
transposition to the life hereafter. Today
we expend a lot of effort and money to
forestall the effects of aging of such a
complicated machine. The mineralized
portion of the body, the skeleton, is the most perma-
nent portion of the body and records the basic size
and shape of the individual. Underscoring the wish
for properly functioning bones and teeth, we today have
a medical ‘spare parts’ industry that provides substi-
tute knees, hips, or an entire denture. The need to ac-
complish these implants/transplants successfully has
aligned physicians and dentists with cell and molecu-
lar biologists, materials scientists, bioengineers, and
mineralogists. All wish to create faithful replicas of the
mineralized parts, but any substitutes must be in har-
mony with the internal dynamic biochemical environ-
ment, and be part of a viable functioning skeleton.

The general health of every human is a response
to the local, regional, and global environment. The
interaction noted in the scientific literature almost 50

145

Figure 23.1: Hydroxylapatite: Ca (PO,) (OH)

years ago (Warren 1954) continues (Hopps and Can-
non 1972, Ross and Skinner 1994). There is burgeon-
ing interest as many scientists, with ever increasing
abilities to detect and measure extremely small amounts
of certain elemental species or potentially hazardous
substances, focus on the relationships of the environ-




146

ment and health. The roles of the skeletal mineral sub-
stance as a participant and faithful recorder in this
crossover are outlined here.

Bone Tissues, Cells and Molecular Biology

“Bone” can refer to any one of the more than 200
individual organs with distinctive shapes that make up
every human skeleton or to the tissue that is present in
each of these organs. The tissues of bone, and teeth,
are composites of organic matrix, mineral matter, and
specialized cells (Skinner 1987, Albright and Skinner
1987). The cells not only form but also maintain, re-
construct, and repair the bone tissues as required. Cells
known as osteoblasts produce a protein and polysac-
charide matrix in and on which mineral is deposited.
The cells become embedded in this extracellular min-
eralized matrix but continue to assist and sustain the
viability of their products. They have a programmed
life cycle and, aided by the concomitant development
of arterial and venous systems, respond to the intake
of nutrients that are required to sustain all body tis-
sues. Essential elements — or as they are unfortunately
labeled on many vitamin supplement containers ‘min-
erals’— and all precursor molecules required for tissue
production are transported by the vascular system to
the osteoblasts. These cells orchestrate the form of the
organ, setting out an appropriate disposition of matrix
and mineral, just as the specialized cells in other tis-
sues form the non-mineralized organs of the body.
Another specialized bone cell, the osteoclast, reworks
the mineralized tissue. These giant multinucleate cells
resorb and reorganize the deposits during growth or
repair, maintaining the architecture and the function
of the organ (Jee 1983, Nijweide et al. 1986).

Bone Biochemistry

All of the separate activities that combine in the
formation and reshaping of the mineralized skeletal
tissues require a constant chemical flux between
the tissues and the blood. Hormones and other
biomolecules influence the status and the rates of ex-
change at all stages of tissue turnover (Canalis 1996).
These biochemicals may be generated locally by the
bone cells or arrive via the blood from many different
organs. For example, some are derived from the food
ingested, broken down, and absorbed via the intestine
(Turnberg and Kumar 1993). Others, such as parathy-
roid hormone, derived in the thyroid gland and as-
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sisted by actions of the kidney (Suki and Rouse 1996),
maintain the level of ionized calcium in the blood at
around 5 mg/dL and the total level of calcium in the
serum between 9 and 11 mg/dL (Bowers et al. 1986).
The concentration of circulating calcium in the blood
and serum has as its ultimate source the composition
and amount of the calcium-containing mineral per unit
area of bone tissue. The hormones are the means by
which the various calcium pools keep the blood and
serum at the required levels. An adult human body
may contain 1 kg of calcium but less than 1% is out-
side the skeleton (Bronnar 1997). Formation and main-
tenance of skeletal tissue with its important mineral
constituent are homeostatic, a balance served by a se-
ries of checks and balances, a feedback system of chemi-
cal reactions that are totally integrated and internal.

The health of humans is intimately connected with
the ingestion of adequate nutrients. The elements
essential for all living forms — oxygen, carbon, nitro-
gen and hydrogen — are never in short supply (Kohn
1999), but some cations can be rate-limiting in con-
verting these elements into the molecules of life. The
list of the essential elements in addition to C, N, O,
and H is presented (Table 23.1) in groups of macro,
micro, and trace elements, to illustrate the present un-
derstanding of the amount of each element required
daily for adequate nutrition (O’Dell and Sunde 1997).

Bone Mineral

The list contains a large proportion of the natu-
rally occurring elements found in the Periodic Table.
At the top of the list of macronutrients are Ca and P,
They are essential to the formation and deposition of
hydroxylapatite, Ca,(PO,),(OH), the main constitu-
ent of the mineral matter of bones and teeth (Skinner
1973). Many of the elements in the list form stable
solid solutions in the apatite crystal structure (Fig.
23.1), as has been shown from study of the natural
occurrences of apatites in igneous, metamorphic, and
sedimentary rocks (Deer et al. 1992, Skinner 1997).
Carefully extracting the mineral from the organic/cel-
lular fraction of bone shows that all of these elements
occur as part of this essential inorganic constituent of
the tissues. Table 23.2, an analysis of the mineral found
in the dense portion (the cortex) of a leg bone of a
cow, 1s presented to illustrate the amount of each ele-
ment found in normal, heavily mineralized tissue. The
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Table 23.1: Elements for adequate nutrition Table 23.2: Composition of the mineral of bovine cortical
bone after ethylenediamine extraction

Macro:
Elements with daily requirements more than 100 mg Element Content Element Content

Ca, P, Ng, K, CI, Mg, S (Percent by Weight) (Percent by Weight)
Micro:
Elements with daily requirement less than 1 mg up to 100 mg Ca 33.50 £0.13 P 15.53 =0.05

Fe, CU, Zn, Mn, I, Mo, Se, F, Bz, Cr, Co, Si Ag 0001 Mn  <0.001

Al 0.01-0.1 Na 1-10.0

Trace: Ba  0.001-0.01 Pb 0.001-0.01
Elements whose requirements are not as yet adequately Cr 0.001-0.01 SI. <0.001
determined, but whose presence in microgram quantities is Cu 0.01-0.1 Ni <0.001
thought to be necessary. As and Pb are potentially hazardous Fe 0.1-1.0 Sn 0.001-0.01
in excess. Mg 0.1-1.0 Sr 0.01-0.1

As, B, Sn,Ni, Ge, V, W, Pb Ko <0 HO 35

composition of human bone tissue would be very
similar. Each sample of cortical bone submitted to such
detailed analysis will show small differences in trace
element composition based on the diet and metabo-
lism of the specific individual.

With extreme insolubility over a range of pH, hy-
droxylapatite usually forms as very small crystallites,
on the order of 5 x 50 micrometers, when precipitated
in any biological tissues (Skinner 2000b). The crystal-
lites, therefore, have large surface areas on which other
elements gnd ligands can be absorbed.

The mineral in bone plays important roles in the
dynamic equilibrium between the intake of elements
and their availability locally and systemically. As a store-
house of elements, and an intermediary, bone mineral
makes a very important chemical contribution to the
viability of all tissues in the body. The deposition of
hydroxylapatite in bone acts to conserve phosphorus,
the most important element in the energy cycles of all
living forms. We literally carry around with us our
private fuel source. In light of the distinctive chemical
and physical attributes of this mineral, it is not sur-

prising that vertebrate hard tissues are mineralized with
apatite (Skinner 2000a).

Strontium affords us a prime example of one of
the cations that cross over from the environment into
the bone mineral system. We learned about its trans-
position in a most direct and, indeed, urgent manner.

Spectrographic semiquantitative analysis from Spectrochemical
Analysis Section, Analytical Chemical Division, National
Bureau of Standards, U.S. Department of Commerce.

Other elements looked for but not detected: As, Au, B, Be, Bi,
Cd, Ce, Co, Ga, Ge, Hf, Hg, In, Ir, La, Mo, Nb, Os, Pd, Pt, Rh,
Ru, Sb, Sc, Ta, Te, Th, TL, U, V, W, Y, Zn, Zr.

[Skinner (1987) p.201]

The radioactive isotope, *Sr, was generated during the
tests on the hydrogen bomb in the early 1950s. The
expectation that the radioelement would be deposited
in mineralized tissues led to outcries across the U.S.
and elsewhere for the military to stop testing. The fo-
cus of concern was the potential immediate, and long
term, harm to children whose rapidly growing bones
and teeth would incorporate the radioactive form of
Sr. Numerous scientific reports were published eluci-
dating the distribution of *°St, as well as non-radioac-
tive forms of Sr, in soils, milk and other foods (Hoopes
1962, Knapp 1961), as well as the uptake in humans
and specifically in teeth (Bjornerstedt et al. 1957,
Pennington and Jones 1961). Detailed effects of the
inhalation and ingestion of **Sr-laden foods at the cel-
lular and tissue level followed (Bustad and Goldman
1972). The data generated on the relationship of dose
to response could not have been gathered without the
enormous public interest in the radioactive hazard.
Fortunately, the ingestion of large amounts of Ca in
the children’s diets prevented an excessive uptake of
the radioactive form of Sr. As the tests ceased, a re-
lieved populace moved away from worries about fu-
ture cancers in their youngsters. Because of these ad-
ventitious circumstances we obtained valuable insight
into the interaction of Sr and health.
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Conclusions

The mineral deposited and sequestered in the skel-
eton reflects the composition of food ingested. Bone
tissue is, in effect, a mirror of the global environment
in which it forms. The importance and influence of
some anions and cations on bone tissue, bone mineral,
and the mechanisms of biomineralization continue to
be investigated (Bronnar 1996). Studies of the many
other living vertebrates, all of whom derive their nu-
trition directly and ultimately from the geological en-
vironment, although occasionally manipulated by hu-
mans, can also be relevant to, and increase our under-
standing of, the effects of a range of elements on our
skeletal tissues and ultimately our total health. In ad-
dition, it seems prudent that research detailing the
composition of bone mineral by biomedical scientists
be correlated with the data becoming available through

geochemical studies on the environment (Plant et al.,
and Selinus).
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