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Abstract

The generd perceptionof boneisthat of an inert material which providesthe framework (skeleton)

to support therest of the body and organs. This conceptistotally inaccurate. Boneisin fact avital

organd thebody. Structural stability only happensto beone of its many important functions. Bone
isadynamic connectivetissue. Among the functionsaf bone are: (1) support of mechanical loads,
(2) protection of vital organ, (3) haematopoiesis, (4) ionized mineral homeostasis, (5) regulation o

tissue devel opment, remodeling and repair through the synthesisof paracrine and autocrinefactors,
and (6) electrical capacitors. Cellularinteraction between the 3 cdll typesand hormonal, physical and
chemica signals controlsbone health. The osteoblastsappear to communicate with the osteocytes
and osteoclasts both directly and indirectly and coordinates cell activity. Mineral metabolismis a
well recognised function of bone. However bone biomechanics and electrical function are little

appreciated activitiesd bone.
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INTRODUCTION

Thegenera perceptionof boneisthat of aninert
material which provides the framework
(skeleton) to support the rest of the body and
organs. Thisconceptistotaly inaccurate. Bone
isin fact avita organ of the body. Structura
gability only happens to be one of its many
important functions. Among the functions of
bone are:

. support of mechanical loads,

. protection of vital organ,

. haematopoiesis,

. ionized minera homeostasis,

regulationof tissuedevelopment,remodeling
and repair through the synthesisof paracrine
and autocrine factors, and

6. electrical capacitors.

S NFRENT

BONE METABOLISM
Control of bone metabolism

Bone metabolismiscontrolledprimarily by bone
cells. Bone cells respond to various
environmental sgnas whjch include chemical,
mechanicd, electrical and magnetic. Receptors
for these signals are found either on the cell
membrane or the cytoplasm. The three bone
cell types are osteoblasts, osteoclasts and
osteocytes.

Osteoblasts are the bone forming cells and
they generally control bone metabolism.
Osteoblastscontai nthereceptorsfor themgjority
of the chemica mediatorsof bone metabolism.

They play a critical role in the regulation of
boneactivity. Osteoclastsarethe agents of bone
resorption and remodelling. They arise from
haematopoietic mononuclear cells. The
osteoclasts themselves are multinucleated.
Ogteocytesarefoundin the bone matrix inlarge
numbers. Their function is not well understood
though recent researchindicates that they receive
mechanical stimuli and transmit thesestimuli to
other bone célls.

Osteoblastsand osteocytesdevel op from the
mesenchymal stem cell. These differentiate
under the influence of bone morphogenetic
protein (BMP), BMPs are now recognised asan
important means o stimulating bone growth.
These cdlls are in intimate contact with each
other via the bone candiculi. The cdlls can
thereforetranamit and receive signalsfromeach
other.

Osteoblasts are probably the cells which
control the regulation of bone function. They
contain the mgjor receptorsof bone metabolism
and are directly involved in bone synthesis and
bone matrix degradation. Osteoid synthesisis
carried out by the osteoblastson the surface of
bone. Bonematrix degradationiscarried out by
resting osteoblasts. These secrete collagenase,
collagenaseinhibitor and plasminogenactivator.

Osteoclasts are multinucleated and are
responsible for bone resorption. Osteoclasts
have no receptors for the bone resorption
hormiones such as parathyroid hormone, vitamin
D and prostaglandinE. Their actionistherefore
mediated via osteoblasts.
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Cellular interaction

The 3 cdll types interact very closdly in the
control on bone metabolism. This process is
well illustrated by their responseto thehormonal
mediators o bone formation and resorption.
Parathyroid hormoneand prostaglandinshind to
cell surface receptors on osteoblasts. This
activates cyclic AMP production and triggers
thecal cium messenger system. 1.25-dihydroxy-
vitamin D and glucorticoids diffuse into the
cells and bind to intracellular receptors.
Intracel lularreceptorsof oestrogenar e d sofound
inosteoblasts. Through thesereceptorsoestrogen
stimulates osteoid formation.

Physical and chemica signdls also activate
osteoblasts and osteoclasts. Hormonal
dimulation of resting osteoblasts results in
osteoid being disrupted (as opposed to active
osteoblasts). Osteoclastsare then exposed and
sgnasare sent by the osteoblast to activatethe
ogsteoclast.  Osteoclastic bone resorption then
activates specific moleculesin the bone matrix
such as transforming growth factor beta (TGF-
B) which stimulates bone formation by
osteoblasts or signals osteoclasts to decrease
bone resorption.

Mineral metabolism

Extracellular calcium is important in the
regulationof neural, muscular and cardiovascular
functionandisan intracellular second messenger
of mogt cdls. Cacium homeostasisismaintained
by three organ systems;-

1. theintestines

2. the bone

3. thekidneys

Cdcium requirements are high in childhood
until the peak bone massis reached in the third
decade of life. Maintenance levels of calcium
can only be estimated. However increased
amounts of calcium are required in pregnant
and lactating women, adolescents and
postmenopausa women.

Cacium is critical for the maintenance o
membrane electrical potentials, blood
coagulation and most functions of living
organisms. Caciumlevelsaremaintainedwithin
anarrow rangeand bonecacium issacrificedto
maintain calcium levels in the physiological
range.

Bone consists of the inorganic and organic
phases. The inorganic phase is calcium
hydroxyapatite. Theinorganicphasecons stsof
proteins of which 95% is type | collagen.
Amongsts the newly recognised proteins are
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glutamic acid contai ningproteins (Glaproteins),
bone morphogenetic protein (BMP), and
transforminggrowthfactor beta(TGF-B). These
proteinshaveamajor rolein boneformationand
their usein the stimulation of bone healing after
fracturesand bone surgery isbeing very actively
investigated.

Endocrine function

Boneisasengtiveorgand theendocrinesystem.
There is a delicate balance between bone and
several endocrine organs, including the skin,
parathyroid glands, liver, kidneys, gonads,
adrenals and thyroid. In certain pathological
dates, thepituitary and hypothalamus alsoaffect
bone metabolism. Onedf theprimary effectsof
all these endocrine activities is to maintain
normal serum cacium levels.

Vitamin D modulates calcium homeostasis
directly and indirectly through several calcium
regulating cell systems. Generally,
approximately half an hour of exposure to
ultravioletlight per day onthearms and faceis
sufficient to provide the minimum amounts of
cholecalciferol of approximately 10 mg. The
darker the skin the higher the requirement and
the converse also applies.

Vitamin D metabolism includes vitamin D2
from the diet and vitamin D3 from sunlight.
Vitamin D3 is hydroxylated in the liver into
1,25-dihydroxy-vitamin D3. Thisisnow bound
to aphaglobulin. The next step is I-alpha-
hydroxylation in the renal tubular cellsto form
1,25-dihydroxy-vitamin D3, the physiologically
active form.  This step is controlled by the
parathyroid hormone.

The major target of 1,25-dihydroxy-vitamin
D3 are the kidneys, bone and intestines. In the
bone 1,25-dihydroxy-vitamin D3 affects
osteoblasts to control mineralization, bone
resorption and cellular differentiation.

Parathyroid hormone

Parathyroid hormone and vitamin D are the
mgor regulators of calcium and phosphatein
the body. The main target organsare the bone,
kidneys and the intestines.

Parathyroid hormone causes bone resorption
by actingon osteoblasts. These osteobl aststhen
initiate boneremodel ling, resorption and osteoid
synthesis. Parathyroid hormone releasein turn
is controlled by serum calcium levels. In the
kidney, parathyroid hormone affects the rend
uptakedf phosphatein the proximal tubulesand
calcium uptake in the distal tubules.



Calcitonin

Calcitonin is secreted by the C-cdls o the
thyroid. The main target organs are the bone,
kidneys and the intestines. Osteoclastic bone
resorption is inhibited. Unlike the other
hormones, osteoclasts have receptors for
cacitonin.

Oestrogensand corticosteroids

Oestrogen receptors exist on osteoblasts.
Oestrogen has adirect effect on bone formation
and resorption. Corticosteroidscause boneloss
by inhibiting calcium absorption, increaserenal
excretion and indirectly causing secondary
hyperparathyroidism.

Thyroid hormones

Thyroid hormones in excess lead to bone
resorption. Hence hyperthyroidism leads to
0steoporosis.

Bone biomechanics and metabolism

There is a complex interaction between bone
metabolism and biomechanics. Boneis, as we
know, important in structural and mechanical
function. It is aso a reservoir of calcium,
phosphate, magnesium, trace elements and a
mgjor site of haematopoiesis. Bone is a
compositemateria andiscontinually undergoing
modelling and remodelling. Under normal
conditionsthere is a fine balance of these two
processes which safeguards the structural
drength of bone, dlows rapid repair of injuries
to bone and maintains calcium levels.

In pathological states, such as
hyperparathyroidism, the control of the
remodelling process becomes uncoupled. Bone
loss then occurs and this affects mainly the
trabercular bone which isfound in the vertebrae
and around joints.

Bone responds to stress. It has been noted
that osteoblasts responds within 24 hours of
dynamic loading by increasingtheir production
of RNA. Within a week, peripsteum becomes
active. In dogs, cancellous bone reponds to
stresswithin 8 weeks by forming unorganised
bone. By 18 to 22 weeks, trabeculae forms
within the bone.

Bone stress is therefore essential in the
maintenance of bone homeostasis. The
weightlessnessof spacehasbeen shown to cause
osteoporosisdue to the absence of gravitational
dresstothebone. What effectif any osteoporosis

hason thevascularity of boneand haematopoiesis
has not been well documented.

CONCLUSION

Bone is a dynamic tissue which is vita to the
survival of most terrestrial organisms. Itsrole
has however not been well documented. For
instance, the effect of osteoporosis on the
vascularity of bone and haematopoiesisis not
known. Suffice to say that bone function is
closely linked to many other vital systemsaf the
body. At present, we recognise its great
importance in the maintenance of our body
dructure. Wearealsoleamning itsimportancein
other functions. Generdly it would be wise to
realise that wesk bone is an indicator of poor
hedlth in most other systems of the body.
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