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Abstract

Osteoporosis occurs predominantly in women aged 45 to 50 years at the outset
of menopause and progresses with age. Most authors support the hypothesis that the
cause of postmenopausal bone loss is an increased bone resorption in the presence of a
basically normal state of formation. Although sex steroids have been used extensively
in the treatment of postmenopausal osteoporosis and other types of osteoporosis, their
mechanism of action and therapeutic usefulness are not completely understood and
Sorm the subject of this review.

Introduction

The term osteoporosis implies that the skeleton has lost substances, but that
the bone which remains is, by conventional histological methods, qualitatively normal.
Whether or not osteoporotic bone is biochemically normal is a matter for further
investigation. Osteoporotic bone loss occurs predominantly from the endosteal surfaces
of the long bones and by resorption of trabecular bone. This review emphasizes the
findings concerning the possibility of oestrogen deficiency in development of osteoporosis.

Though a great deal of information on formation and degradation processes
of bone matrix is available, little is known about the mechanisms and the detail of
calcification and decalcification. New bone formation is controlled by osteoblasts and
osteocytes and bone resorption by the osteoclasts. Previously thought as ‘dead end’ cell,
the osteocyte is now believed to be an important component in the cellular respomnse to
various hormones and maintenance of plasma calcium homeostasis since its surface
area in contact with bone could facilitate rapid calcium mobilization or sequestration.
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Hormonal control of skeletal growth and development

The mammalian skeleton serves two different and often imcompatible functions!-3.
Structurally, the skeleton must be strong, light, mobile and capable of orderly growth,
response to stress and repair. Metabolically, it must serve as an ion reservoir of calcium,
phosphorus, magnesium, sodium and carbonate. In bone and cartilage, hormones act
in a coordinated manner to maintain a balance among these functions. Thus, it is not
surprising that skeletal growth and development are under complex hormonal control.

Hormones and factors that influence skeletal development can be classified as
calcium regulating hormones, systemic hormones and local factors. It is known that
these hormones have important actions on bone and other target organs which may
indirectly affect bone metabolism, but only the direct effects on bone growth and
development will be dealt with in the present review.

1. Calcium regulating hormones

These hormones have been the subject of a recent review?. Briefly, the effect
of parathyroid hormone (PTH) on bone growth is controversial>>6. High concentrations
of PTH were found to inhibit osteoblastic collagen synthesis both in vivo and in vitro’.
However, chronic treatment with-PTH increase osteoblastic activity and appositional
growth rate3:. PTH does stimulate osteoclastic bone resorption.

Vitamin D stimulates bone mineral mobilization to increase the supply of
calcium and phosphate in the serum!®. It is also thought that vitamin D is essential in
vivo for normal skeletal mineralization. In vitro, the active metabolite of vitamin D, 1,
25-dihydroxycholecalciferol (1,25 (OH),D5) directly stimulates osteoclastic bone resorption!!.
This catabolic effect of 1,25(OH),D; on bone represents a special adaptation to calcium
and phosphate deficiency. For example, when serum calcium and phosphate are normal,
the free level of 1,25(OH),D; in plasma is relatively low but at a level enough to permit
normal calcium and phosphate absorption in the intestine. When the serum calcium
and phosphate are low however, synthesis of 1,25(0OH),D; is stimulated. The increased
level of 1,25(0OH),D; exerts a stimulatory effect on bone resorption to supply the required
calcium and phosphate.

Calcitonin (CT) is an antihypercalcaemic hormone that inhibits osteoclastic
bone resorption.

2. Systemic hormones

Growth hormone (GH) is essential in the regulation of skeletal growth
especially in infants and growing children. Deficiency in GH results in decreased
cartilage cell proliferation and matrix synthesis, impaired osteoblastic function and a
decline in linear growth. The effect of GH on bone is mediated by somatomedins.

Insulin also has an important role in skeletal development. Juvenile onset
diabetes mellitus is associated with diminished bone mass!2-14, In vitro, insulin was
found to stimulate growth of bone and cartilage directly!’.
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The presence of adequate thyroid hormone is necessary for normal bone
development. Hypothyroidism results in impairment of skeletal growth while linear
growth in hyperthyroid children is accelerated!6-17. How thyroid hormone affects the
skeletal development is unclear but it is possible that thyroid hormone directly increases
osteoclastic bone resorption and thus stimulates bone turn over and remodeling!8.

Glucocorticoids inhibit growth in many tissues including bone!®. The
major mechanism for growth arrest is the inhibition of proliferation of precursor cells20.

Sex hormones such as adrenal androgens, testosterone and oestrogen are
associated with accelerated linear growth and epiphyseal closure at puberty. Even after
puberty, they stimulate the increase in bone mass2!. Bone growth appears to be more
dependent on androgen than oestrogen?2. Controversies arose when another group of
investigators found that oestrogen decreased bone growth by inhibiting somatomedin
production?3. At menopause, the lack of oestrogen is also associated with excess loss of
bone mass which is thought to be due to accelerated bone resorption?*. However, the
mechanism by which oestrogen affects bone metabolism is not yet understood and is the
subject of this review.

3. Local factors
Klein and Raisz in 1970%° found that prostaglandin E, (PGE,) can inhibit
bone collagen synthesis. Moreover, prostacyclin (PGI,) produced by bone itself can
stimulate bone resorption?6, Another local factor, a potent stimulator of bone resorption
and an inhibitor of collagen synthesis is called osteoclast activating factor (OAF) which
is produced by lymphocytes?’. However, the physiological significance of OAF is still
doubtful.

Osteoporosis

The term osteoporosis originated in the histological distinction by German
pathologists of three disorders of the bone: osteomalacia, in which much of the bone
tissue is uncalcified, osteitis fibrosa, in which the bone is eroded by osteoclasts and
replaced with fibrous tissues; and osteoporosis, in which the bone tissue is calcified and
otherwise normal, except that there is too little of it.

In 1940, Albright and coworkers2® proposed a general theory of osteoporosis
based upon a postulated failure of osteoblasts to deposit normal quantities of new bone
matrix. According to their theory, osteoporosis occurred in postmenopausal woman
because of decreased secretion of oestrogens; in senile or debilitated subjects or in
patients with Cushing’s syndrome or hyperthyroidism because of a defect in protein
anabolism or because of deficiency in anabolic hormones and/or excess in catabolic
hormones. The Albright’s theory was seriously challenged when the calcium balance
and radiocalcium kinetic studies showed that the bone formation is normal in post-
menopausal and senile osteoporosis??:30 and is even augmented in hyperthyroidism3!.
Moreover, the osteoclastic activity is found to increase in osteoporosis3?-33 and the
gonadal hormones suppress bone resorption34-35,
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While these and other studies have made the Albright theory untenable, they
have not been able to explain the mechanism of osteoporosis. Albright. theory was
wrong when it proposed that osteoblastic activity is decreased in osteoporosis. Frost’s
proposal in 196132 was also over-simplified when he suggested that osteoporosis was
essentially a disorder of osteoclastic activity. The realization that bone formation and
resorption are not independent but are homeostatically linked is of key importance in
the understanding of osteoporosis. The degree of parathyroid activity and consequent
bone resorption depend on how well intestinal absorption balances excretory loss. If
the body intake of calcium balances the loss, then bone resorption will balance bone
formation. A change at a single end organ will provide a compensatory shift of
parathyroid hormone secretion, but the new equilibrium will be the result of the altered
activities of all end organs. Under such circumstances, calcium homeostasis will be
maintained but bone mass may well change. The following diagrams whow 3 situations;
a normal condition (Fig. 1A) and two osteoporotic conditions, one of which showing
disturbance at the level of bone such as excessive resorption (postmenopausal osteoporosis)
as a cause of calcium disturbances (Fig. 1B), and the other demonstrating development
of osteoporosis as a result of calcium disturbances caused by decrease in intestinal
calcium absorption (Fig. 1C).

Diagram A represents the normal condition with a normal level of PTH
secretion. The urinary calcium excretion balances the dietary intake and bone accretion
balances the resorption resulting in a constant level of plasma calcium.Diagram B illustrates
the reciprocal interdependence of end organ effects. Assume that the osteoclasts have
somehow acquired an increased sensitivity to circulating PTH or their activities are
stimulated by certain factor (eg. as in postmenopausal osteoporosis), the increased
resorption will lead to hypercalcaemia and a reduced PTH secretion. The kidney and
intestine when exposed to low PTH will conserve calcium less effectively and the new
equilibrium- will be in a negative balance. On the other hand, as shown in diagram C,
dietary calcium deficiency or malabsorption will result in hypocalcaemia. Osteoporosis
thus occurs simply as a result of a compensatory increase in PTH secretion. These
diagrams show that the observed osteoporosis may develop primarily from disturbances
in the bone itself causing the shift in activities of various end organs or it may well be
the end result of the readjustment of the calcium regulating system to provide extra
calcium.

Postmenopausal Osteoporosis

The relation between osteoporosis and the menopause was first noted by
Albright et al. in 194136, when they described 42 cases of spinal osteoporosis, all but 2
of them in postmenopausal women, 9 of whom had undergone an artificial menopause.
Donaldson and Nassim in 195437 found no relation between osteoporosis and an artificial
menopause, but radiological observations by workers using different techniques have all
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Figure 1: Diagrams showing the difference in the distributions of calcium among four
main compartments: the plasma, GI tract, urine and bone in (A) normal
condition where the bone accretion equals bone resorption; (B) an osteoporotic
condition with bone as the primary site of disturbance ie. bone resorption
exceeds bone accretion, and (C) an osteoporotic condition with GI tract as
the primary site of disturbance, and the bone resorption again exceeds bone
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suggested that loss of bone density in women starts at or around the menopause38-40,

A “‘physiologic’’ demineralization of bone occurs in women aged 45-50 years
at the onset of menopause and progresses with age. In men, this process seems to begin
somewhat later, between the age of 60 and 704142, The obvious suggestion that the
earlier onset in women is due to menopause continues to be put forward but awaits
proof38,

Most authors support the hypothesis that the cause of bone loss in osteoporosis
is an increased bone resorption in the presence of a basically normal state of
formation2?%-43-45, Since then sex hormones have been used extensively in the treatment
of osteoporosis although their mechanism of action and therapeutic usefulness have not
been completely understood. However, some authors have suggested that the association
of osteoporosis with the menopause is largely fortuitous because autopsy studies have
demonstrated that maximal bone mass is attained between ages 20 and 40 years in both
sexes, and then there is a progressive bone atrophy which begins premenopausally in
women and correlates linearly with age*6. Despite that observation, higher values of
calcium in serum, urinary excretion of calcium and urinary hydroxyproline excretion
which is taken as an index for resorption, have been observed in postmenopausal woman4’
supporting the theory of an increased bone resorption. If the menopause is associated
with a rise in plasma and urine calcium oestrogens might be expected to reverse the
process. This is infact the case. Oestrogen substitution has been round to decrease
plasma calcium as well as urinary calcium excretion36,47-49,

Oestrogen Treatment in Postmenopausal Osteoporosis

Many investigators have proposed that the major effect of sex hormones on
osteoporosis is an inhibition of bone resorption34:43:48,51.52  There is uncertainty
concerning the benefit of sex hormone treatment after a long term administration.
Although treatment with sex hormones produces calcium retention in che majority of
osteoporotic patients studied by metabolic balance method?, but years of treatment fails
to increase the radiodensity of bone. These observations suggest that short term treatment
can result in calcium retention which, however, cannot be maintained indefinitely43-4
by long term treatment.

In the studies of osteoporotic patients receiving androgen or oestrogens for
less than 3 months, Lafferty et al.43 found the skeletal4’Ca accretion to be unchanged,
but found a reduction of 47Ca accretion in 3 of 4 osteoporotic patients receiving sex
hormones for more than 9 months. Riggs and his group?5:53 observed similar results
and proposed that a sustained inhibition of bone resorption with a secondary decrease
in bone formation would provide a basis for the commonly held belief that treatment
with sex hormones can arrest but cannot cure osteoporosis. It also would explain the
apparent inability to maintain a positive calcium balance throughout long periods of
treatment. Similar results were observed in experimental animals4,
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Although the etiology of osteoporosis has not yet been clarified it is impossible
to disregard the importance of lack of oestrogen for the development of osteoporosis.
Evidence supporting the lack of oestrogen as a possible cause of postmenopausal
osteoporosis is gathered mostly from observations in natural and artificial menopause.
In addition, observations in other types of osteoporosis also lend support to this hypothesis.
The following part will give some details of the finding under various conditions (Fig. 2).
The premature occurrance of osteoporosis in Turner’s syndrome and in young
oophorectomized women indicates such an association®>. Most of ‘the patients with
Turner’s syndrome in this study had evidence of increased bone resorption with normal
formation. The patients had no historical evidence to suggest significant dietary
deficiencies of calcium or vitamin D, the oestrogen deficiency remaining the most likely
explanation.
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Figure 2: Possible mechamism of oestrogen treatment in preventing excessive resorption
of bone which may occur in various conditions.

Oestrogenic hormones have also been shown to have dramatic, acute inhibitory
actions on bone resorption in experimental animals56. For instance, administration of
oestrogen to young rats caused a general reduction in the rate of growth of the
skeleton and of the total body37-38, This may be explained by the fact that oestrogen
may interfere with resorption and thus slows down the general bone turnover rate. In
another study, oestrogen treatment for 2 to 6 weeks increased density, breaking strength
and ash percentage of the femur® but was without effect on the calcium and fluoride
content of the femur ash. Fluride intake seemed to offset the action of oestrogen in
rats®?, but the mechanism by which it did so is unclear. Another example of the
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protecting effect of oestrogens against the development of osteoporosis is described by

Orimo®. Immobilization of limbs is commonly known to result in osteoporosis; oestrogen

administration can prevent this in rats®0. However, the failure of the development of

immobilization osteoporosis in dogs after the removal of the parathyroid gland as

shown by Burkhart er al.%! strongly suggests the importance of PTH-induced bone

resorption as the etiology factor of this type of osteoporosis. Oestrogen might diminish

the severity of immobilization osteoporosis, possibly through the inhibition of PTH-
induced bone resorption®?,

There seems to be slight species difference in the effect of oestrogen on bone
resorption. A short term®? and long term63 decrease in serum calcium concentration
after oophorectomy has been noted. The serum calcium changes in the oophorectomized
rat differ from these reported in the postmenopausal female®4-66, in whom an increase
in serum calcium is found which is reversed by the administration of oestrogen.

Another line of evidence which is relatively new is concerned with the role of
peripheral oestrogens. Perspective studies starting 3 years after oophorectomy indicate
that not all castrated women continue to lose bone mass during the ensuing years. This
prompts the question of whether extraovarian tissues in certain women can produce
osteotrophic substances similar or identical to those produced by the ovary and thereby
protect the skeleton from further bone loss. This concides with another finding of a
later onset of menopause in obese women®’. The explanation for this may be that these
women synthesize oestrogen peripherally. Increasing evidence suggests that fatty tissue
may produce oestrogens in sufficient quantity to protect against osteoporosis. De Waard
et al.%8:%9 reported persistent oestrogenic effect in the vaginal smears of obese postmenopausal
women that often persisted for decades after menopause. In these subjects, this evidence
of oestrogen effect subsided with weight loss. Grodin and his group in 197370 as well as
Schnider ef al. in 197271 have indicated that adipose tissue is a likely site for the production
of oestrone from steroidal precursor androstenedione found in the plasma of postmenopausal
women. Therefore, it seems that obesity may help protecting the postmenopausal
women from osteoporosis presumably by adipose tissue synthesis of oestrogen.

Mode of Action of Oestrogens

The mean by which oestrogen exerts its effects upon the skeletal system remains
unclear. It has been demonstrated that tritiated oestradiol is taken up by the rat femur’2,
although it is not known whether this is nonspecific binding or if this binding is to the
cell or to other areas of bone. No receptor was demonstrated in osseous tissue, making
it unlikely that bone is a primary target organ for the hormone’3. There are contradictory
data on the influence of oestrogen on tissue or organ culture of bone. In some in vitro
experimental situations, oestrogen fails to inhibit bone resorption’. There is a
suggestion’3 that the reason for any measurable effect is direct toxicity of oestrogen on
cell metabolism. On the other hand, there have been several suggestions that oestrogen

)
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may affect bone metabolism simply by decreasing the sensitivity of bone to parathyroid
hormone?5:51,62,

Previous in vivo’%62 and in vitro experiments’®77 have confirmed that
oestrogens decrease the sensitivity of bone to the effect of PTH. The increase in serum
PTH noted after oestrogen therapy in one report>* was probably related to the oestrogen-
induced decrease in serum calcium. Hossain ef al. in 197078 reported that hyperparathyroid
postmenopausal women are more osteoporotic, and hypoparathyroid postmenopausal
women less osteoporotic than normal controls. Oestrogen treatment can reduce the
fasting plasma calcium, urine calcium and the hydroxyproline content in urine® presumably
by suppressing PTH induced bone resorption. These results offer a possible explanation
of the relatively high incidence of hyperparathyroidism in postmenopausal women.
Hyperparathyroidismin postmenopausal women is sometimes due to adenoma of the
parathyroid gland. However, it seems unlikely that the menopause or the oestrogen
lack gives rise to adenoma formation. More probably, a preexisting adenoma only
becomes clinically manifest when oestrogen lack leads to a drop in the plasma calcium
which in turn stimulates the secretion of PTH. The markedly increased level of PTH,
thus, exerts its full effect on bone and leads to a rise in plasma and urine calcium. This
can be looked upon as an exaggerated form of the increase in bone resorption which
normally follows the menopause®.

Treatment with Calcium and Vitamin D

Can osteoporosis be the result of chronic calcium deficiency? Administration
of calcium with or without vitamin D rivals sex steroid therapy as the most widely used
form of treatment for osteoporosis. Inspite of its long use, there is controversy
regarding its value. The use of a high calcium intake in the treatment of osteoporosis
has been strongly advocated by Nordin30:7%, He postulated that osteoporosis is the
result of a prolonged negative calcium balance in which mineral is mobilized from the
skeleton to maintain the serum calcium. He is supported by the experimental studies of
Harrison and Fraser®® which demonstrated that in rats deprived only of calcium
osteoporosis developed, whereas in those deprived of both calcium and vitamin D
osteomalacia developed. Although some investigators succeeded in maintaining positive
calcium balance in parients with postmenopausal osteoporosis’?-83, no improvement in
mineralization was observed. Failure of the skeleton to retain the additional calcium
absorbed with the high calcium intake, as evidenced by the significant increase in urinary
calcium, is against the concept of osteoporosis resulting from chronic calcium deficiency
and points to a pathologic process primary to bone.

There have been few studies on the effect of pharmacologic doses of vitamin D
in primary osteoporosis. Riggs and his group® in 1976 demonstrated that oral calcium
and vitamin D therapy decreased bone turmover in osteoporosis. The suggested mechanism
for the observed decrease in bone resorption was a decrease in PTH secretion.
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As for the direct effect of oestrogen on other calcium regulating hormones
there is considerable information about the effect of sex steroids on the metabolism of
vitamin D. In egg-laying birds, ovariectomy can inhibit in vitro renal metabolism of 25
hydroxycholecalciferol35. The treatment of female rats with a large dose of oestradiol
for 8 days has been claimed to increase the concentration of 1,25-dihydroxycholecalciferol
(1,25(0OH),D;3)86. Pregnant women and lactating women have markedly raised levels of
1,25(0OH),D; as have lactating rats87-38, But in normal menstruating women, endogenous
increase in oestrogen neither directly nor indirectly stimulate 1,25(0OH),D; production,
nor do they affect circulating levels of the hormones known to influence calcium
homeostasis in man8. However the relatively low 1,25(OH),D; levels observed in
postmenopausal women are elevated by exogenous oestrogen administration®. So from
available evidence, it is possible that the regulation of 1,25(OH);D; by sex hormones is
restricted to the state of calcium stress such as during pregnancy and lactation in mammals.

The hypothesis of the existence of a connection between oestrogen and calcitonin
(CT) has received some support by demonstration of a fall in CT levels and a decrease
in CT secretion after calcium challenge in ovariectomized rats. The CT levels in
postmenopausal osteoporotic patients were lower than in normal age and sex matched
subjects?!. However, the transient fall in CT levels after ovariectomy in rat is not
corrected by injecting oestrogens, implying that the fall in CT levels is probably not
due to a lack of this steroid?2. o

It remains to be shown that the links between ovarian function and CT secretion
observed in rats exist in human. The present conclusion on the mode of action of
oestrogen is that oestrogen has a direct effect on bone physiology but the manner of
this remains obscure.

Other Factors Influencing Postmenopausal Osteoporosis

Factors that are commonly assigned a contributary role in the development of
osteoporosis include small constitutional size, female sex, a genetic predisposition
including white ancestry, deficiencies of calcium and sex hormones, inactivity, and the
aging process. Other less frequent contributory factors include thyrotoxicosis,
malabsorption ‘syndromes, the postgastrectomy state, active collagen disease, hyperpara-
thyroidism, chronic uremia and alcoholism. The relative importance of each of these
factors has not been determined and the interrelationships between factors remain
obscure. One interesting example of factors which may promote development of
osteoporosis is cigarette smoking. It has been observed that middle aged men and
women with symptomatic osteoporosis were almost exclusively heavy cigarette
smokers?3-94, Several mechanisms by which smoking might contribute to this development
have been proposed based on other related findings. For instance, smokers are reported
to have earlier menopause®3-95. However, no conclusive evidence on smoking related
early ovarian failure has yet been available. Nevertheless, smoking related phenomena
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Figure 3: The acute effect of ethanol (3 g/kg body weight) administered orally or
intraperitoneally on the plasma calcium concentration and urinary calcium
excretion. *denotes a significant difference (P< 0.05) from the control value
at zero minute.

other than early menopause have drawn considerable attention; and these include change
in blood pH (known to affect sensitivity to PTH), the presence of chronic respiratory
disease (commonly associated with osteoporosis) and lowered tissue level of vitamin
C9%-% which is essential for bone metabolism.

Osteopenia and increased risk of fracture are well recognized clinical features
of chronic alcohol ingestion in man!00-102 and in experimental animals. There have
been many hypotheses to explain the effect of alcohol on bone metabolism. Previous
reports!03-104 and results from our laboratory showed that acute administration of
ethanol induced hypocalcaemia (Fig. 3) which could well cause a defect in bone
formation and/or a compensatory increase in PTH secretion resulting in excessive bone
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The acute effect of ethanol (3 g/kg body weight) administered orally on the
plasma calcium concentration and urinary calcium excretion in thyropara-
thyroidectomized (TPTX) rats which received a loading dose of 0.5 mg CaCl,
and a continuous infusion of 0.1 mg/30 min CaCl,. *denotes a significant
difference (P <0.05) from the control value at zero minute.

resorption.

However, alcohol induced hypocalcaemia is present even in thyropara-
thyroidectomized animals (Fig. 4). Therefore it is unlikely that alcohol acts through
either direct or indirect stimulation of PTH secretion. Baran and his group in 1980105
observed a direct toxic effect of alcohol on bone cells resulting in osteopenia. Other
possible explanations are put forward, for instance, defective bone metabolism may be
the result of systemic alterations of 25(OH)D;!06, testosterone!07-109 or oestrogen!i0
which inturn, may promote bone resorption and/or decrease bone accretion.



J. Sci. Soc. Thailand, 8 (1982) . 17

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Harris, W.H., and Heaney, R.P. (1969) Skeletal renewal and metabolic bone disease. N. Eng. J. Med
280, 193-201.

Harris, W.H. and Heaney, R.P. (1969) Skeletal renewal and metabolic bone disease. N. Eng. J. Med
280, 253-259.

Harris, W.H., and Heaney, R.P. (1969) Skeletal renewal and metabolic bone disease. N. Eng. J. Med
280, 303-311.

Krishnamra, N., and Limlomwongse, L. (1979) Calcium homeostasis, J. Sci. Soc. Thailand 5, 117-130.

. Bingham, P.J., Brazell, I.A. and Owen, M. (1969) The effect of parathyroid extract on cellular activity

and plasma calcium levels in vivo. J. Endocrinol 45, 387-400.

Bingham, P.J., and Riasz, L.G. (1974) Bone growth in organ cultures: Effects of phosphate and other
nutrients on bone and cartilage. Calcif. Tiss. Res. 14, 31-48.

Dietrich, J.W., Canalis, E.M., Maina, D.M., and Raisz, L.G. (1976) Hormonal control of bone collagen
synthesis in vitro: Effects of parathyroid hormone and calcitonin. Endocrinology 98, 943-949.

Parsons, J.A. (1976) Parathyroid physiology and the skeleton. In ‘‘Biochemistry and Physiology of
Bone’’, Bourne, G.H., ed., Vol. 4, pp., 159-225, Academic Press, New York.

Tam C.S., Wilson, D.R., and Harrison, J.E. (1980} Effect of parathyroid extract on bone apposition
and the interaction between parathyroid hormone and vitamin D. Min. Elect. Metab. 3, 74-80.

DeLuca, H.F. (1979) The vitamin D system in the regulation of calcium and phosphorus metabolism.
Nutr. Rev. 37, 161-170.

Raisz, L.G., Trummel, C.L., Holick, M.F., and DeLuca, H.F. (1972) 1,25-dihydroxycholecalciferol: A
potent stimulator of bone resorption in tissue culture. Science 175, 768-769.

Levin, M.E., Boisseau, V.C., and Avioli, L.V. (1976) Effects of diabetes mellitus on bone mass in
juvenile and adult-onset diabetes. N. Eng . J. Med 294, 241-245.

McNair, P., Madsbad, S., Christiansen, C., Christiansen, M.S., Faber, O.K., Binder, C., and Transbal,
1. (1979) Bone loss in diabetes: Effects of metabolic state. Diabetologia 17, 283-286.

Santiago, J.V., McAlister, W.H., Ratzan, S.K., Bussman, Y., Haymond, M.W., Shackelford, G:, and
Weldon, V.V. (1977) Decreased cortical thickness and osteopenia in children with diabetes mellitus.
J. Clin."Endocrinol. Metab. 45, 845-848.

Canalis, E.M., Dietrich, J.W., Maina, D.M., and Raisz, L.G. (1979) Hormonal control of bone
collagen synthesis in vitro-effects of insulin and glucagon. Endocrinology 100, 668-674.

Mundy, G.R., and Raisz, L.G. (1979) Thyrotoxicosis and calcium metabolism. Min. Elect. Metab. 2,
285-297

Schlesinger, S., MacGilivray, M.H., and Munschaner, R.W. (1973) Acceleration of growth and bone
maturation in childhood thyrotoxicosis. J. Pediatr. 83, 233-236.



18

18.

19.

20.

21.

22.

23.

24,

25.

27.

28.

29.

30.

31.

32.

33.

J. Sci. Soc. Thailand, 8 (1982)

Mundy, G.R., Shapiro, J.L., Bondelin, J.G., Canalis, E.M. and Raisz, L.G. (1976) Direct stimulation
of bone resorption by thyroid hormones. J. Clin. Invest. §8, 529-534.

Dietrich, J.W., Canalis, E.M., Maina, D.M., and Raisz, L.G. (1979) Effects of glucocorticoids on fetal
rat bone collagen synthesis in vitro. Endocrinology 104, 715-721,

Raisz, L.G., Trummel, C.L., Wener, J.A., and Simmons, H. (1972). Effect of glucocorticoids on bone
resorption in tissue culture. Endocrinology 90, 961-967.

Ducharme, J.R., Forest, M.G., DePeretti, E., Sempe, M., Collu, R., and Bertrand, J. (1976) Plasma
adrenal and gonadal sex steroids in human pubertal development. J. Clin. Endocrinol. Metab. 42,
468-476.

Rudman, D.,Goldsmith, M., Kutner;M.and Blackston, .D. (1980) Effect of growth hormone and
oxandrolone singly and together on growth rate in girls with X chromosome abnormalities. J.
Pediat 96, 132-135.

Wiedemann, E., Schwartz, E., and Frantz, A.G. (1976) Acute and chronic estrogen effects upon serum
somatomedin activity, growth hormone and prolactin in man. J. Clin. Endocrinol Metab. 42,
942-952.

Heaney, R.P., Recker, R.R. and Saville, P.D. (1978) Menopausal changes in calcium balance performance.
J. Lab. Clin. Med. 92, 953-963.

Klein, D.C., and Raisz, L.G. (1970) Prostaglandin: Stimulation of bone resorption in tissue culture.
Endocrinology 86, 1436-1440.

Raisz, L.G., Vanderhack, J.Y., Simmons, H.A., Kream, B.E., and Nicolaou, K.C. (1979) Prostaglandin
synthesis by fetal rat bone in vitro: Evidence for a role of prostacyclin. Prostaglandins 17, 904-914.

Raisz, L.G., Luben, R.A., Mundy, G.R., Dietrich, J.W., Horton, J.E., and Trummel, C.L. (1975).
Effect of osteoclast activating factor from human leukocytes on bone metabolism. J. Clin. Invest.
56, 408-413.

Albright, F., Bloomberg, E. and Smith, P.H. (1940) Postmenopausal osteoporosis. Tr. A. Am. Phys.
55, 298-303.

Heaney, R.P., and Whedon, G.D. (1958) Radiocalcium studies of bone formation rate in human
metabolic bone disease. J. Clin. Endocrinol. 18, 1246-1251.

Nordin, B.E.C. (1960) Osteomalacia, osteoporosis, and calcium deficiency. Clin. Orthopaed. 11,
235-240.

Krane, S.M., Brownell, G.L., Stanbury, J.B., and Corrigan, H. (1956) The effect of thyroid disease on
calcium metabolism in man. J. Clin. Invest. 35, 874-889.

Frost, H.M. (1961) Postmenopausal osteoporosis. A disturbance in osteoclasia. J. Am. Geriatn Soc.
9, 1078-1085.

Riggs, B.L., Jowsey, J., Kelly, P.J. and Keating, F.R. (1964) Bone remodeling in metabolic diseases
assessed by quantitative microradiography. Clin. Res. 12, 356.

N



J. Sci. Soc. Thailand, 8 (1982) 19

34.

35.

36.

37.

38.

39

41.

42,

43,

45.

47.

48.

49.

50.

51,

Heaney, R.P. (1962) Radiocalcium metabolism in human disuse osteoporosis. Am. J. Med. 33, 188-200.

Gordon, G.S., and Eisenbetg, E. (1963) The effect of oestrogens, androgens and corticoids on skeletal
kinetics in man. Proc. Roy. Soc. Med. 56, 1027-1029.

Albright, F., Smith, P.H., and Richardson, A.M. (1941) Postmenopausal osteoporosis: its clinical
features. J. Am. Med. Ass. 166, 2465-2471.

Donaldson, I.A. and Nassim, J.R. (1954) The artificial menopause: With particular reference to the
occurrence of spinal porosis. Brit. Med. J. 1: 1228-1231.

Meema, H.E., Bunker, M.L., and Meema, S. (1965) Loss of compact bone due to menopause. Obstet
Gynec. 26, 333-343.

Nordin, B.E.C., MacGregor, J. and Smith D.A. (1966) The incidence of osteoporosis in normal women:
Its relatjon to age and the menopause. Quart. J. Med. 137, 25-38.

. Saville, P.D., and Nilson, B.E.R., (1966) Height and weight in symptomatic postmenopausal osteoporosis.

Clin. Orthop. 45, 49-54.

Garn, S.M., Robman, C.G., and Wagner, B. (1967) Bone loss as a general phenomenon in man. Fed.
Proc. 26, 1729-1736.

Newton-John, H.F., and Morgan, D.B. (1970) The loss of bone with age, osteoporosis, and fractures.
Clin. Orthop. 11, 229-252.

Lafferty, F.W., Sencer, Jr., G.E., and Pearson, O.H. (1964) Effect of androgens, estrogens and high
calcium intake on bone formation and resorption in osteoporosis. Am. J. Med. 36, 514-528.

Wu, K., Jett, S., and Frost, H.M. (1967) Bone resorption rates in rib in physiological senile and
postmenopausal osteoporosis. J. Lab. Clin. Med. 69, 810-818.

Riggs, B.L., Jowsey, J., Kelly, P.J., Jones, J.D. and Maher, F.T. (1969) Effect of sex hormones on
bone in primary osteoporosis. J. Clin. Invest. 48, 1065-1071.

Trotter, M., Broman, G.E., and Peterson, R.R. (1960) Densities of bones of white and negro skeletons.
J. Bone Joint Surg. A. Amer. 42, 50-58.

Young, M.M. and Nordin, B.E.C. (1967) Effects of natural and artificial menopause on plasma and
urinary calcium and phosphorus. Lancet i, 118.

Jasani, C., Nordin, B.E.C., Smith, D.A., and Swanson, F. (1965) Spinal osteoporosis and the menopause.
Proc. Roy. Soc. Med. 58, 441-444.

Teitelbaum, S.L., Rosenberg, E.M., Richardson, C.A., and Avioli, L.V. (1976) Histological studies of
bone from normocalcemic postmenopausal osteoporotic patients with increased circulating
parathyroid hormone. J. Clin. Endocrinol 42, 537-545.

Henneman, P.H., and Wallach, S. (1957) A review of the prolonged use of estrogens and androgens in
postmenopausal and senile osteoporosis. Arch. Intern. Med. 100, 715-723.

Heaney, R.P. (1965) A unified concept of osteoporosis. Amer J. Med. 39, 877-880.



20

52.

53.

54.

5s.

56.

57.

58.

59.

61.

62.

63.

6S.

67.

68.

J. Sci. Soc. Thailand, 8 (1982)

Eisenberg, E. (1966) Effects of androgens, oestrogens and corticoids on strontium kinetics in man. J.
Clin. Endocrinol Metab. 26, 566-572.

Riggs, B.L., Jowsey, J., Goldsmith, R.S., Kelly, P.J., Hoffman, D.L., and Arnaud, C.D. (1972) Short
and long term effects of estrogen and synthetic anabolic hormone in postmenopausal osteoporosis.
J. Clin. Invest. 51, 1659-1663.

Aitken, J.M., Armstrong, E., and Anderson, J.B. (1972) Osteoporosis after oophorectomy in the mature
female rat and the effect of oestrogen and/or progestogen replacement therapy in its prevention.
J. Endocrinol. 55, 79-87.

Brown, D.M., Jowsey, J., and Bradford, D.S. (1974) Osteoporosis in ovarian dysgenesis. J. Pediatr.
84, 816-820.

Anderson, J.J.B., Greenfield, J.W., Posada, J.R., and Crackel, W.C., (1970) Effect of estrogen on
bone mineral turnover in mature ;emale rats as measured by strontium-85. Proc. Soc. Exp. Biol.
Med. 135, 883-886.

Lindquist, B., Budy, A.M., McLean, F., and Howard, J.L. (1960) Skeletal metabolism in estrogen
treated rats studied by means of Ca**. Endocrinology 66, 100-111.

Minot, A.S., and Hillman, J.W. (1967) Chemical changes in epiphyseal growth zone of rats induced by
excess and lack of estrogen. Proc. Soc. Exp. Biol. Med. 126, 60-64.

Gedalia, 1., Frumkin, A., and Zukerman, H. (1964) Effects of estrogen on bone composition in rats at
low and high fluoride intake. Endocrinology 715, 201-205.

Orimo, H., Fujita, T. Yoshikawa, M., Hayano, K., and Sakurada, T. (1971) Effect of estrogen on
immobilization osteoporosis in rat. Endocrinology 88, 102-105.

Burkhart, J.M., and Jowsey, J. (1967) Parathyroid and thyroid hormones in the development of
immobilization osteoporosis. Endocrinology 81, 1053-1062.

Orimo, H., Fujita, T., and Yoshikawa, M. (1972) Increased sensitivity of bone to parathyroid hormone
in ovariectomized rats. Endocrinology 90, 760-763.

Cruess, R.L., and Hong, K.C. (1979) The effect of long term estrogen administration on bone metabolism
in the female rat. Endocrinology 104, 1188-1193.

Aitken, J.M., Hart, D.M., and Smith, D.A. (1971) The effect of long term mestranol administration on
calcium and phosphorus homeostasis in oophorectomized women. Clin. Sci. 41, 233-236.

Aitken, J.M., Hart, D.M., and Lindsay, R. (1973) Estrogen replacement therapy for prevention of
osteoporosis after oophorectomy. Br. Med. J. 3, 515-518.

. Gallagher, J.C., and Nordin, B.E.C. (1972) Treatment with oestrogen of primary hyperparathyroidism

in postmenopausal women. Lancet i, 503-507.
Danielle, H.W. (1976) Osteoporosis of the slender smoker. Arch. Intern. Med. 136, 298-304.

DeWaard, F., and Schwarz, F. (1964) Weight reduction and postmenopausal estrogenic effect. Acta
Cytol. 8, 449-453.



J. Sci. Soc. Thailand, 8 (1982) 21

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

DeWaard, F., and Baarden-Van Halewin, E.A. (1961) Further cytological observations concerning
estrogen activity in postmenopausal women. Acta Endocrinol. 38, 515-526.

Grodin, J.M., Siiteri, P.K., and MacDonald, P.C. (1973) Sources of estrogen production in postmenopausal
women. J. Clin. Endocrinol Metab. 36, 207-214.

Schindler, A.E., Ebert, A., and Friedrich, E. (1972) Conversion of androstenedione to estrone by human
fat tissue. J. Clin. Endocrinol Metab. 35, 627-630.

Anderson, J.J.B., and Floeckher, J.N. (1971) Skeletal uptake of H>-oestradiol by rats primed with
nonradioactive oestrogen and parathyroid extract. Isr. J. Med. Sci. 7, 353-358.

Nutik, G., and Cruess, R.L. (1974) Estrogen receptors in bone. An evaluation of action of the uptake
of estrogen into bone cells. Proc. Soc. Exp. Biol. Med. 146, 265-268.

Caputo, C.B., Meadows, D., and Raisz, L.G. (1976) Failure of estrogens and androgens to inhibit bone
resorption in tissue culture. Endocrinology 98, 1065-1068.

Liskova, M. (1976) Influence of estrogens on bone resorption in organ culture. Calcif. Tissue Res. 22,
207-212.

Nordin, B.E.C., Young, M.M., Bulusu, L. and Horsman, A. (1970) Osteoporosis reexamined. In
““Osteoporosis, International Symposium on Osteoporosis, Ist,”” Montefore Hospital and Medical
Center, 1969, (Bazel, U.S., ed.) Grune and Stratton, Inc., New York, p.47.

Atkins, D., Zanelli, J.M., Peacock, M. and Nordin, B.E.C. (1972) The effect of oestrogens on the
response of bone to parathyroid hormone in vitro. J. Endocrinol. 54, 107-117.

Hossani, M., Smith, D.A., and Nordin, B.E.C. (1970) Parathyroid activity and postmenopausal
ostoporosis. Lancet i, 809-811.

Nordin, B.E.C. (1961) Pathogenesis of osteoporosis. Lancet i, 1011.

Harrison, M. and Fraser, R. (1960) Bone structure and metabolism in calcium deficient rats. J. Endocrinol
21, 197-205.

Harrison, M., Fraser, R. and Mulian, B. (1961) Calcium metabolism in osteoporosis. Lancet i, 1015-1019.

Whedon, G.D. (1959) Effects of high calcium intakes on bones, blood and soft tissue, relationship of
calcium intake to balance in osteoporosis. Fed. Proc. 18, 1112-1118.

Schwartz, E., Panariello, V.A., and Saeli, J. (1965) Radioactive calcium kinetics during high calcium
intake in osteoporosis. J. Clin. Invest. 44, 1547-1560.

Riggs, B.L., Jowsey, J., Kelly, P.J., Hoffman, D.L. and Arnand, C.D. (1976) Effects of oral therapy
with calcium ahd vitamin D in primary osteoporosis. J. Clin. Endocrinol.Metab. 42, 1139-1144,

Baksi, S.N., and Kenny, A.D. (1976) Ovarian influence on 25 hydroxyvitamin D; metabolism in
Japanese quail. Fed. Proc. 35, 665-666. )

Baksi, S.N., and Kenny, A.D. (1978) Does oestradiol stimulate in vivo production of 1,25 dihydroxyvitamin D,
in the rats. Life Sci. 22, 787-792.



22

87.

88.

89.

91.

92.

93.

94,

9s5.

97.

98.

99.

101.

102.

103.

104.

105.

J. Sci. Soc. Thailand, 8 (1982)

Pike, J.W., Toverud, S., Boass, A., McCain, T., and Haussler, M.R. Circulating 1,25(0H),D during
physiological states of calcium stress. In: vitamin D Biochemical, chemical and clinical aspects
related to calcium metabolism, pp. 187-197. Eds. A.W. Norman, K. Schaefer, J.W. Coburn, H.F.
DeLuca, D. Fraser, H.G. Grigolcit and D.V. Herrath. Berlin, New York, Walter de Gruyter.

Kumar, R., Cohen, W.r., Silva, P., and Epstein, E.H. (1979) Elevated 1,25 dihydroxyvitamin D plasma
levels in normal human pregnancy and lactation. J. Clin. Invest. 63, 342-344.

Baran, D.T., Whyte, M.P., Haussler, M.R., Deftos, L.J., Slatopolsky, E., and Avioli, L.V. (1980)
Effect of the menstrual cycle on calcium regulating hormones in the normal young women. J.
Clin. Endocrinol. Metab. 50, 377-384.

Gallagher, J.C., Riggs, B.L., Hamstra, A., and DeLuca, H.F. (1978) Effect of estrogen therapy on
calcium absorption and vitamin D metabolism in postmenopausal osteoporosis. Clin. Res. 26, 415A
(Abstract).

Milhaud, G., Benezech-Lefevre, M., and Moukhtar, M.S. (1978) The level of calcitonin in postmenopausal
osteoporotic patients. Biomed. 29, 272-277.

Cressent, M., Bouizar, Z., Moukhtar, M.S. and Milhaud, G. (1981) Effect of ovariectomy on circulating
calcitonin levels in the rat. Proc. Exp. Biol. Med. 166, 92-95.

Danielle, H.W. (1972) Osteoporosis and smoking. J. Amer. Med. Ass. 221, 509.

Jick, H., and Porter, J. (1977) Relation between smoking and age of natural menopause. Lancet i,
1354-1355.

Lindquist, B., and Bengtsson, C. (1979) Menopausal age in relation to smoking. Acta Med. Scand.
205, 73-76.

Jeffrey, J.J., and Murtin, O.R. (1966) The role of ascorbic acid in the biosynthesis of collagen: I. Site
and nature of ascorbic acid participation. Biochem. Biophys. Acta. 121, 281-291.

Pelletier, O. (1968) Smoking and vitamin C levels in humans. Am. J. Clin. Nutr. 21, 1259-1267.
Pelletier, O. (1970) Vitamin C status of cigarette smokers and nonsmokers. Am. J. Clin. Nutr. 23, 520-524.

Booth, J.B., and Todd, G.B. (1972) Subclinical scurvy-hypovitaminosis. C. Geriatrics 27, 130-164.

. Saville, P.D. (1965) Changes in bone mass with age and alcoholism. J. Bone Joint, Surg. Am. 41, 492-499.

Nilsson, B.E., and Westlin, N.E. (1973) Changes in bone mass in alcoholics. Clin. Orthop. 90, 229-232.
Dalin, N., and Lambe, B. (1976) Bone mineral losses in alcoholics. Acta Orthop. Scand. 47, 469-471.

Peng, T., Cooper, C.W., and Munson, P.L. (1972) The hypocalcemic effect of ethylalcohol in rats and
dogs. Endocrinology 91, 586-593.

Peng, T., and Gitelman, H.J. (1974) Ethanol induced hypocalcemia, hypermagnesemia, and inhibition
of the serum calcium raising effect of parathyroid hormone in rats. Endocrinology 94, 608-611.

Baran, D.T., Teitelbaum, S.L., Bergfeld, M.A., Parker, G., Cruvant, EM., and Avioli, L.V. (1980)
Effect of alcohol ingestioni on bone and mineral metabolism in rats. Am. J. Physiol. 238, ES07-ES10.



J. Sci. Soc. Thailand, 8 (1982) 23

106. Lund, B., Sorensen, B.H., Hilden, M., and Lund, B. (1977) The hepatic conversion of vitamin D in
alcoholics with varying degree of liver affection. Acta Med. Scand. 202, 222-224.

107. Van Thiel, D.H., Gavaler, ].S., Lester, R., and Goodman, M.D. (1975) Alcohol induced testicular
atrophy. An experimental model for hypogonadism occurring in chronic alcoholic man. Gastroenterol
69, 326-332.

108. Gordon, G., Altman, G.K., Southren, A.L., Rubin, E. and Lieber, C.S. (1976) Effect of alcohol
(ethanol) administration on sex hormone metabolism in normal man. N. Eng. J. Med. 295, 793-797.

109. Mendelson, J.H., Ellingboe, J., Mello, N.K., and Kevnhle, J. (1978) Effects of alcohol on plasma
testosterone and leuteinizing hormone level. Alcoholism 2, 255-259.

110. Van Thieh, D.H., Gavaler, 1.S., Lester, R., and Sherins, R.J. (1978) Alcohol induced ovarian failure in
the rat. J. Clin. Invest. 61, 624-632.

[ YA
UNaayo
. A 1 21 ¢ o d 2 ia a A [} a
Osteoporosis mahﬂns:munnsauwu'l@uau'lwdmyav\mq'mwﬂﬂsz%maauﬂa'l.umqmq 45 B9
50 1 ewmInsauvaInsrgnazifinaniuamuen fnddduinnwinniehrunavemifanszgnniaud
Fuiiia sinannafis) bone resorption wmfiuly e bone formation dufinlyodranngd msld sex
. ar - 1] ol 8 a o) ﬂl ] l as : 1 [
steroids $AMINIDUITIMMINTBUTRINIEQNIATWIMLED waefadufunswasagludanuil adilsfiow
anlnlunsf sex steroids Swalunntlasiudldnszqnnioumnniuiiuadislfidinquinfeay uazazRanw

Tuunenuit





