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PATHOPHYSIOLOGY OF BONE LOSS IN CASTRATED
ANIMALS
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Summary—The pathophysiology of bone loss in castrated animals is reviewed. Both male and
female rats rapidly lose metaphyseal trabecular bone from the tibia and the femur due to an
imbalance between bone resorption and bone formation. The aetiology of sex hormone
deficiency-induced bone loss is not fully understood. It seems unlikely that the bone loss is
due to changes in the circulating levels of the calciotropic hormones or to an increase in the
spontaneous release from peripheral blood monocytes of the bone resorption stimulating
cytokine IL-1. Changes in the sensitivity of bone of castrated rats to calciotropic hormones
may play a role as well as the lack of direct stimulatory effects of gonadal oestrogens and
androgens on bone cells. In addition several data indicate that prostaglandins may be involved.

INTRODUCTION

Since life expectency is increasing, age-related
disorders are becoming more common. These
disorders do not only cause suffering for the

patients, but also lead to high costs for the:

community [1].

Osteoporosis is such a disorder and is defined
as a reduced amount of normally mineralised
bony tissue per volume of bone. Osteoporosis
increases the risk of fractures, when bone mass
is diminished to such an extent that the skeleton
has insufficient strength to withstand normal
mechanical loading [2]. At present, considerable
research is being done to study the aetiology of
osteoporosis and to find drugs that can be
used for the prevention and treatment of this
disorder.

In males and females spontaneous bone loss
occurs during aging. This loss is associated with
a reduction in the bone-forming capacity of
osteoblasts and may, later in life, result in the
development of senile osteoporosis or osteo-
porosis type II[3]. In females, a strong acceler-
ation of mainly trabecular bone loss occurs
in the late premenopausal and early post-
menopausal years [4, 5]. This bone loss, which
is most likely due to oestrogen deficiency, is
osteoclast-mediated [6] and may provide a basis
for the development of postmenopausal osteo-
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porosis or osteoporosis type I, which character-
istically occurs in women 15-20yr after the
menopause [7].

Studies on the aetiology of osteoporosis are
hampered by the fact that sex hormone defi-
ciency-induced bone loss does not occur spon-
taneously in experimental animals. Such a type
of bone loss can, however, easily be induced for
example in the rat and dog by surgical ovari-
ectomy or inhibition of ovarian function with
LHRH agonists or antagonists [8—13].

In this paper we will review the course of
ovariectomy- and orchiectomy-induced trabecu-
lar and cortical bone loss in the rat and ovari-
ectomy-induced bone loss in dogs. In addition,
we will compare what is known about the
aetiology of bone loss in animals and in hu-
mans.

OVARIECTOMY-INDUCED BONE
LOSS IN THE RAT

After ovariectomy trabecular bone is lost very
fast from several sites from the rat skeleton, e.g.
from the metaphyses of the femur and tibia and,
at a much lower rate, from the vertebra. Bone-
histomorphometrical studies have shown that
the loss of trabecular bone from the tibia is due
to a strong increase in bone remodelling [10-12].
Bone remodelling in intact rats is characterised
by a balance between bone resorption and bone
formation; in ovariectomised rats, however, the
process of bone remodelling is in dysbalance:
the increase in bone resorption is not completely
compensated by an increase in bone formation.
Histological studies in early postmenopausal
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females have shown that during oestrogen defi-
ciency osteoclasts make deeper resorption lacu-
nae while osteoblast activity is normal [14]; this
provides a morphological explanation for the
dysbalance during remodelling in early post-
menopausal women. Such data are not available
for the rat, but the fact that in the rat early after
ovariectomy trabecular perforation occurs,
strongly suggests that, here too, oestrogen defi-
ciency causes an increase in the bone-resorbing
capacity of osteoclasts. Only when the depth of
a formed resorption lacuna exceeds trabecular
plate thickness can trabecular perforation
occur.

Measurements of trabecular thickness have
shown that this parameter does not diminish
after ovariectomy in the rat[15] which further-
more suggests that osteoblast activity is not
reduced after ovariectomy. On the basis of
this consideration it is most likely that in the
ovariectomised rat, as in early postmenopausal
women, trabecular bone loss is osteoclast-
mediated.

Ovariectomy also affects cortical bone mass
in rats. In a study in growing female ORGA
rats, we found that ovariectomy not only in-
creases longitudinal and periosteal growth but
also reduces endosteal bone formation. This
observation is in line with those of Turner
et al.[12], who found in ovariectomised rats,
using histomorphometry, that periosteal bone-
forming surfaces were increased while endosteal
bone-forming surfaces were decreased.

Apparently, endogeneous oestrogens stimu-
late endosteal osteoblast activity. The increase
in periosteal bone formation in ovariectomised
rats may be related to the significant increase in
body weight gain (see Fig. 1).

The decrease of the trabecular bone mass in
the metaphyses, the reduction of the amount of
newly formed endosteal bone and the slight
increase in bone volume results in a significant
reduction in the ratio of bone weight and bone
volume, i.e. in the specific mass. This parameter
has frequently been used in studies in the rat as
an indicator for osteoporosis [9].

AETIOLOGY OF OESTROGEN DEFICIENCY-
INDUCED BONE LOSS IN THE RAT

Various studies have been performed in rats
to identify the regulatory factors involved in
bone loss after ovariectomy. Since 99% of total
body calcium is located in the skeleton, it
has been hypothesized that the calciotropic
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Fig. 1. Effect of gonadectomy on body weight gain in rats.
(From Ref.[7].)

hormones may be involved. However, plasma
levels of PTH and 1,25 (OH),vitD; do not
change after ovariectomy [13, 16-18]. The basal
level of plasma calcitonin, on the other hand,
is significantly reduced in ovariectomised
rats[16, 19, 20]. It is, however, unlikely that
oestrogen deficiency-induced bone loss can be
attributed to a reduction in plasma calcitonin
levels, since no difference in bone loss was
observed between ovariectomised and ovari-
ectomised thyroidectomised rats [19]. Further-
more, plasma calcitonin was not reduced in
ovariectomised rats on a low calcium intake,
while they did rapidly lose trabecular bone [17].
These data indicate that bone loss is not medi-
ated by changes in the plasma levels of the
calciotropic hormones. A similar conclusion on
the lack of a role in the aetiology of early
postmenopausal bone loss was drawn by
Falch [21].

As originally suggested by Heaney [22], it
may not be the plasma levels of the calciotropic
hormones which are of importance, but
changes in the sensitivity of bone to these
hormones. This hypothesis is sustained by: (a)
the observation that bone of ovariectomised
rats is more sensitive to the resorbing actions of
PTH [23), and (b) by the recent in vitro finding
that 17B-oestradiol reduces the PTH-induced
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formation of cyclic AMP in osteoblasts, which
mediate the bone-resorbing activity of PTH [24].
178-Oestradiol has stimulatory activity on the
proliferation of primary cultures of osteoblasts
and osteoblast-like cells suggesting that 178-
oestradiol has both anti-catabolic and anabolic
effects [25-28]. In a study in ovariectomised rats,
in which 17f-oestradiol was infused directly
onto trabecular bone in the femur, further evi-
dence for the anabolic activity of 17§-oestradiol
was obtained [29].

Several investigations have drawn attention
to a possible role of local factors as mediators
of ovariectomy-induced bone loss. It is already
known for a long time that the prostaglandin E,
(PGE,) is a potent stimulator of bone resorption
in vitro [30]. Measurements of the production of
PGE, by calvaria of neonatal rats show that
PGE, production is increased in ovariectomised
rats {31]. In vivo data further indicate a possible
role for prostaglandins, since trabecular loss
from the metaphyses of ovariectomised rats was
partly prevented by treatment with the non-
steroidal anti-inflammatory drug Naprosyn®
(naproxen) [32]. Another local factor that has
been implicated in oestrogen deficiency-induced
bone loss is interleukin-1 (IL-1). This cytokine
is synthesized by osteoblasts upon stimulation
with tumour necrosis factor o or lipopoly-
saccharide [33,34] and strongly stimulates
bone resorption in vitro and in vivo [35-37].
Peripheral blood monocytes of early post-
menopausal women spontaneously release
increased amounts of IL-1 and following treat-
ment with 17f8-oestradiol, a reduction of this
IL-1 release was observed [38, 39].

In view of the close anatomical contact
between monocytes and bone cells one may
assume that increased levels of locally released
IL-1 stimulates bone resorption after the induc-
tion of oestrogen deficiency. Preliminary studies
in rats, however, failed to show an increase in
the release of IL-1 from monocytes after ovari-
ectomy (Pacifici, personal communication;
Schot, unpublished data). Obviously, additional
studies are necessary to further investigate the
possible role of IL-1 in oestrogen deficiency-
induced bone loss.

OVARIECTOMY-INDUCED BONE
LOSS IN THE DOG

Bone loss also occurs in dogs following ovari-
ectomy, however, the mechanism of bone loss is
not completely clear. Faugere et al. [40] found,
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initially after ovariectomy, a strong increase in
osteoclast activity and in bone remodelling. The
increase in bone resorption was temporary and
4 months after ovariectomy bone resorption was
normal. Osteoblast numbers were, however,
significantly increased, suggesting that the
maintenance of bone loss in the dog is due to
impaired osteoblast function [41]. These data
are in line with those of Dannucci et al.[42].

In another study, however, no increase in
bone remodelling was found after ovariectomy;
it was concluded that bone is lost due to a
change in the balance between bone resorption
and bone formation [43].

EFFECTS OF ORCHIECTOMY IN MALE RATS

Studies in humans have revealed that hypo-
gonadism is associated with a low bone mass
and an increased risk of the development of
osteoporosis [44,45]. It was also found that
castration of young males causes a significant
increase in bone remodelling and loss of trabec-
ular from the spine [46). Apparently, a reduction
in sex hormone levels causes similar effects in
males and females.

Little is known on the aetiology of androgen
deficiency-induced bone loss but, since andro-
gens have a positive effect on the calcium
balance by increasing the calcium uptake from
the intestine and reducing the urinary excretion
of calcium, calciotropic hormones may be
involved. In addition, it has been reported that
monocytes of hypogonadal males release in-
creased amounts of IL-1[47].

Only a limited number of studies have been
performed on the effect of orchiectomy in the
rat. As in females, castration results in a change
in body weight gain. In contrast to ovari-
ectomised female rats, castrated male rats gain
less weight than intact animals (see Fig. 1). In
addition, skeletal growth is impaired [8, 48, 49].
Both longitudinal and periosteal growth are
reduced by orchiectomy, indicating that the
male sex hormone stimulates both the prolifer-
ation of the epiphyseal plane chondrocytes
and the bone-forming capacity of the periosteal
osteoblasts. Castration of 1-yr-old male rats,
which did not show measurable longitudinal
growth, resulted in a significant reduction of
bone volume [50]. Since length did not change,
the reduction in volume was most likely due to
periosteal bone resorption.

In addition to effects on cortical bone mass,
effects of orchiectomy on trabecular bone mass
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have also been reported. Verhas et al. [50] found
a significant increase in activity of osteoclasts
located on trabeculae near the epiphyseal plate
and a strong increase in bone turnover rate at
those sites in the femur and tibia where high
amounts of trabecular bone occur. Apparently,
during the increase in bone turnover there is a
greater increase in bone resorption than in bone
formation, since trabecular bone is lost from the
methaphyses of the femur of young castrated
male rats [51-53]). From these observations it
may be concluded that orchiectomised rats
lose trabecular bone by an imbalance in bone
remodelling, as was also observed in castrated
males [46].

With regard to the aetiology of bone loss
in male rats, almost nothing is known. It
seems unlikely, however, that such loss is
related to changes in the levels of the cal-
ciotropic hormones, since in young castrated
males no changes in plasma calcium, phos-
phate, 25(OH)vitD; and 1,25(OH),vitD; were
found [53]). It seems more likely that androgen
deficiency changes the sensitivity of the bone to
the activity of the calciotropic hormones, as
testosterone has been found to increase the
biological activity of calcitonin in thyroidec-
tomised rats [54].

Note added in proof: In a recent publication Coble [54]
demonstrated that naproxen has no lasting ability to halt
estrogen depletion bone loss in aged ovariectomised rats.

This may indicate that prostaglandins are only involved
in the early phase of oestrogen deficiency-induced bone loss
in the rat.
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