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ABSTRACT

Glucocorticoids (GCs) are widely
utilized in medical practice to combat
diseases having an inflammatory ele-
ment. The aim of the present study is
to throw light on the effects of risedro-
nate sodium (Ris)on the architecture
of the tibiae of the albino rats on beta-
methasone (Bet) therapy. Thirty adult
male albino rats (200-250 gm) were
used in this study. They were ran-
domized into three equal
groups:control, Bet-treated and both
Bet- and Ris-treated. At sacrifice,
small pieces of the decalcified tibiae
were processed to prepare paraffin
sections stained with haematoxylin
and eosin (H&E) and Masson's tri-

477

Other
stained with uranyl acetate and lead

chrome. ultra-thin  sections
citrate for EM study were, also, pre-
pared. The tibiae of the Bet-treated
rats showed an apparently marked
decrease in the amount of collage-
nous fibres, separation and thinning
of the pesiosteum, notches at the
bone surfaces, resorption cavities
filled with granulation tissue, irregular
sizes and distribution of Haversian
canals as well as non-homogenous
dark and pale areas of the matrix. Ul-
tra-structurally, the osteoblasts got
degenerated. They lost their process-
es and became smooth. Their cyto-
lacked
gained many vacuoles. Similar altera-

plasm its organelles and
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tions affected the osteocytes. Follow-
ing Ris-teatment, the bones of ani-
mals on Bet-therapy showed that the
above-mentioned affections were
lessened. The osteoclasts exhibited
marked degeneration. Nearly the his-
tological and ultra-structural features
of the control bones were resumed.
These data lend support to a protec-
tive role of Ris. Consequently, Ris
should always be advised for patients
during GCs Jexposure in a trial to al-
leviate their osseous adverse effects.

INTRODUCTION

GCs are widely used in medicine.
They play a pivotal role in the man-
agement of numerous diseases that
have an inflammatory element such
as rheumatoid disorders,
diseases, atopic dermatitis, bronchial
asthma and sarcoidosis. Their effec-
tiveness as an anti-inflammatory
agents is offset by the occurrence of
drawbacks (McLaughlin et al., 2002;
Lange et al., 2004; Lee et al,2005; Ir-
win and Richardson, 2006; Summey
and Yosipovitch, 2006). The most se-
rious osseous complication of GCs is
osteoporosis(OP). This is a public
health issue threatening a large pro-
portion of the population over fifty

collagen
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years of age (Watts, 2004). Aside
from the post-menopausal OP, the
most common secondary cause of
OP is the long term use of GCs. It de-
velops in approximately half of pa-
tients who take long term GCs and
fracture is its first clinical sign (Ram-
sey-Goldman, 2002; Ward, 2005;
Shah and Gecys, 2006; Kanis et al.,
2007). In spite of the detrimental role
of GCs on bone tissue metabolism,
numerous questions remain pertain-
ing the mechanisms of GCs-induced
OP (Saag, 2004; Lu et al.,2005; Sed-
lak et al., 2006). Although GCs-
induced OP is common, it is too often
unrecognized and its management re-
mains sub-optimal. Many at-risk pop-
ulation do not receive any therapy for

~ this clinical condition (Blalock et al.,

2005; Grazio et al., 2005; Orcel,2006;
Solomon et al., 2007).

This silent systemic skeletal disor-
der, OP, has been the target of sever-
al researches in the late era in a trial
to explain the various mechanisms
implicated in its evolution. There are
relatively few studies evaluating the
process of bone repair in OP. Also,
the full impact of OP on the consoli-
dation of bone fracture is still not viv-
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idly understood .Thus, performing fur-
ther investigation for alternative reme-
dies for OP is a must (Larsen et al.,
2003; Abadie et al., 2005; Maric-
ic,2005 ; Werkman et al., 2006). Re-
cently, a number of therapies have
been introduced for the management
of OP. Among these suggested reme-
dies, come the members of biphos-
phonate group which have a profound
effect on calcium metabolism. They
have been used for the management
of hyper-calcaemia of malignant bone
tumours. Also, these drugs are tried
in the treatment of many bone diseas-
es associated with bone resorption as
Paget's disease, myeloma and bone
metastases (Bobba et al., 2006; Gil-
jevic and Volk, 2006; Suzuki,2006;
Russell, 2007). Despite the applied
clinical efficacy of these medications,
the exact mechanism of their action
has received a limited attention (Cur-
tis et al., 2006; Takahashi et al.,
2006; Reginster et al., 2007; Sato et
al., 2007). Consequently, the present
study was carried out with an intent to
draw a vivid picture for the histologi-
cal and ultra-structural effects of the
latest generation of these biphospho-
nates, Ris, on the tibiae of the adult
male albino rats on treatment with the

GC, Bet, utilizing both light and trans-
mission electron microscopes.

MATERIALS AND METHODS

Thirty adult male albino rats (200-
250 gm) were used in the present
study. They were equally allocated
into three groups. Group | rats served
as control and were given normal sa-
line 1ml/day orally by a modified plas-
tic syringe. The animals of group Il re-
ceived betamethasone,bet,(a product
of Guif-Pharmaceutical Industries,
Ras Al-Khaima, U.A.E.in the form of
0.5 mg tablets under the trade name ,
betasone) in a dose of 0.45 mg/kg
body weight/day, dissolved in 1ml dis-
tiled water and given by the same
route as in the control group (Takaha-
shi et al., 2006). The rats of group IlI
were given both betamethasone(in an
oral dose similar to that given to
group Il animals) and risedronate
sodium, Ris, (a product of Aventis-
Pharm, Main, Germany in the form of
5 and 35 mg tablets under the trade
name, Actonel) in subcutaneous daily
dose of 2.5 micro-gm/kg (Iwamoto et
al., 2007). The doses were given for
three months. All animals were
housed under the same conditions
and were allowed food and water ad-
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libitum. After the lapse of 24 hours
from the last dose, the rats of all
groups were anaesthetized by intra-
muscular ketamine hydrochloride an-
aesthesia (45mg/kg body weight),
perfused through a cardiac puncture
by glutaraldehyde 2%, the shaft of
each tibia was removed, immersed in
glutaraldehyde and after 4 hours,
they were put in a buffer for 24 hours.
The bones were decalcified by daily
exchange of ethylene-diamine tetra-
acetic acid (EDTA) for 9 days (Ban-
croft et al.,1996). A part from the mid-
shaft of tibia of each rat was im-
mersed in 10% formalin, dehydrated ,
cleared and embedded in paraffin .
Paraffin sections (6 um) were pre-
pared and stained with haematoxylin
and eosin (H&E) to study the general
histological architecture. Other paraf-
fin sections were stained by Masson's
trichrome (M.T.) stain for detection of
the collagenous fibres (Drury and
Wallington,1980; Bancroft and Ste-
vens, 1996).

For electron microscopy, fine frag-
ments of the decalcified mid-shaft of
tibiae were fixed in 2% glutaralde-
hyde in 0.1 M phosphate buffer at pH
7.4. They were ,then, transferred to

Vol. 39, No.1&2 Jan., & April, 2008

1% osmium tetroxide in the same buf-
fer, dehydrated in ascending grades
of alcohol and propylene oxide and
embedded in epon. Ultra-thin sec-
tions (40-50 nm) were cut using a
glass knife,stained with 4% uranyl ac-
etate and 2% lead citrate (Hayat,
1989) and examined by JEOL 100S
electron microscope.

RESULTS

Histological changes :

A transverse section in the mid-
shaft of the decalcified tibia of the
control adult male albino rat (group
I)showed that the bone was surround-
ed from outside by the periosteum.
The bone matrix contained many
osteons (Haversian systems) com-

posed of central Haversian canals

housing blood vessels and connec-
tive tissue and were surrounded by
concentric lamellae with osteocytes
within their lacunae in between. Sub-
periosteal cement lines intervened
between the newlyiformed bone la-
mellae and the old ones (Fig.1). The
mid-shaft of the decalcified tibia of the
Bet- treated animals (group i) exhibit-
ed a separated -occasionally thin-
periosteum. Both the outer and inner
surfaces of bones exhibited numer-
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ous notches. The bone lodged re-
sorption cavities filled with granulation
tissue. There were multiple Haversian
canals of variable sizes and an irregu-
lar distribution. There were, also, non-
homogenous dark and pale areas of
the matrix with osteoporotic cavities
(Figs.2,3). Following therapy with
both Bet and Ris in group lli rats, the
mid-shaft of the decalcified tibiae
showed signs of improvement and
nearly the control histological configu-
ration was more or less regained.
There were, still, non homogenous
dark and pale areas of the matrix with
small cavities (Figs.4,5). The tibia of
group | rats exhibited excessive col-
lagenous fibres in the periosteum, en-
dosteum and in the matrix (Fig.6).
There was a remarkable decrease in
the amount of collagenous fibres in
the thin periosteum and in the matrix
of the bones of group Il animals
(Fig.7). The bones of group lil rats
presented an apparent increase in
the amount of collagenous fibres but
it was not
levels (Fig.8).

identical to the control

Ultrastructural changes
Examination of ultra-thin sections
of the decalcified tibiae of group | ani-

mals showed the bone cells and ma-
trix. The osteoblast possessed a nu-
cleus with an obvious nucleolus. The
collagen fibrils in close vicinity to the
cells were pale (unmineralized matrix
or prebone). They were ,in turn, sur-
rounded by dark collagen fibrils (min-
eralized matrix or bone) (Fig. 9). The
osteocyte was imprisoned within a la-
cuna and possessed an oval nucleus
and many cytoplasmic processes in-
side canaliculi. This cell was sur-
rounded by pale (unmineralized) ma-
trix and then a dark (mineralized) one
(Fig.10). The osteoclast, in turn, had
irregular boundaries and many nuclei.
Its cytoplasm lodged many mem-
brane bound vesicles of various sizes
and many secondary lysosomes. The
encircling demineralized bone looked,
more or less, electron pale (Fig.11).
Ultra-thin sections of the tibiae of
group |l rats showed several altera-
tions. The osteoblasts got degenerat-
ed . They lost their processes and ap-
peared smooth. Their cytoplasm
lacked the organelles and gained
many vacuoles. The surrounding ma-
trix looked pale and lodged apparent-
ly few collagen fibrils (Fig.12). The os-
teocytes were ,as well, degenerated
with small nuclei and many vacuoles
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in their cytoplasm (Fig.13) . The ma-
trix was partly dark with excessive
collagen fibrils and partly pale with

marked degeneration. They lost their
ruffled border and became smooth.
Many nuclei exhibited some degener-

apparently fewer fibrils (Fig.14). The

g ation
bones of group Il animals showed

and cytoplasm gained many

: relativi les. h cells
some sort of improvement. The oste- Bidiivaly Jarga vacuolss. Such ol

oblasts possessed large nuclei and
were surrounded by a pale matrix
(prebone) then by a dark one (bone)
(Fig.15). The osteoclasts underwent a

were surrounded by non-deminer-

alized electron dense collagen fibrils.

The matrix exhibited excessive colla-
gen fibrils (Figs.16,17).

Fig. (1) : A photomicrograph of a transverse section in the mid-shaft of the decalcified tib-
ia of a control aduit male albino rat (group 1) showing the periosteum (P). The
subperiosteal lines (C) intervene between the newly formed bone lamellae and
the old ones. The matrix contains many Haversian systems (osteons), each is
composed of a central Haversian canal (H) housing blood vessels surrounded
by connective tissue lamellae (L) and osteocytes (Os) (H&E x 200).
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‘ Fig. (2) : A photomicrograph of a transverse section in the mid-shaft of the decalcified tib-
,’ ia of an adult male albino rat treated with Bet (group Il) showing separation of
: the periosteum (P). The outer and inner surfaces of bones exhibit several
i notches(N).Resorption cavities filled with granulation tissue (G) are encour-
[ tered. Numerous Haversian canals(H) show apparently variable sizes and an
[ irregular distribution (H&E x200).

Fig. (3) : A photomicrograph of a transverse section in the mid-shaft of the decalcified tib-
ia of an adult male albino rat of group Il showing a thin separated periosteum
(P), many dilated Haversian canals(H),several osteoporotic cavities (O) and
non homogenous dark (D) and pale (Pl) areas of the matrix (H&E x 200).
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Fig. (4) : A photomicrograph of a transverse section in mid-shaft of the decalcified tibia of
an adult male albino rat treated with both Bet and Ris (group Ill) showing the
periosteum (P),the subperiosteal cement lines (C) .the osteocytes (Os) and
Haversian systems (H) resembling nearly that of the control. There are non-
homogenous dark (D) and pale(Pl) areas of the matrix and a small osteoporot-
ic cavity (O) (H&E x 200).

Fig. (5) : A photomicrograph of a transverse section in the mid-shaft of the decalcified tib-
ia of an adult male albino rat of group |1l showing the homogenous matrix and
the apparently normal size and distribution of Haversian canals (H) and oste-
ocytes (Os) (H&E x 200). i
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Fig. (6) : A photomicrograph of a transverse section in mid-shaft of the decalcified fibia of
a control adult male albino rat of group | showing an excessive amount of col-
lagenous fibres in the periosteum (P), endosteum (E) and in the matrix(M}
(Masson's trichrome stairn x 200).

35.

Fig. (7) : A photomicrograph of a transverse section in the mid-shaft of the decaicified tit:-
ia of an adult male albino rat of group 1l showing a remarkable decrease in the
amount of collagenous fibres in the thin periosteum(P) and in the matrix(M).
Notice the Haversian canals(H) (Masson's trichrome stain x 200).

MANSOURA MEDICAL JOURNAL
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Fig. (8) : A photomicrograph of a transverse section in mid-shaft of the decalcified tibia of
an adult male albino rat of group Ill showing an increase in the amount of col-
lagenous fibres in the periosteum (P), endosteum (E) and in the matrix (M)
(Masson's trichrome ctain x 200).

Fig. (8) : An electron micrograph of an
ultra-thin section in the mid-
shaft tibia of a control adult
male albino rat of group |
showing an osteoblast .it has
a nucleus(N) with an obvious
nucleolus(n). In vicinity of this
cell, pale collagen fibrils (un-
mineralized matrix a pre-
bone) (P) are visible sur-
rounded, in turn,by dark
collagen fibrils (mineralized
matrix a bone) (B) (Uranyl ac-
etate / lead citrate x 2000).
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Fig. (10) : An electron micrograph of an
ultra-thin section in the mid-
shaft of the decalcified tibia
of a control adult male albino
rat of group | showing an os-
teocyte imprisoned within a
lacuna (L).It has an oval nu-
cleus (N) and cytoplasmic
processes (arrows) extend-
ing into canaliculi. The cell is
surrounded by a pale unmin-
eralized matrix (P) then a
dark mineralized one (D)
(Uranyl acetate/ lead citrate x
2000).

Fig. (11) : An electron micrograph of an
ultra-thin section in the mid-~

shaft of the decalcified tibia
of a control adult male albino
rat of group | showing an os-
teoclast. It has irrgular boun-
daries and many nuclei(N).lts
cytoplasm contains many
membrane bound vesicles
(V) of different sizes that rep-
resent the ruffled border of
the cell cut in numerous
planes and several lyso-
somes (L).The deminezal-
ized bones(B) around the cell
appears more or less elec-
tron pale(Uranyl acetate/lead
citrate x 10000).

MANSOURA MEDICAL JOURNAL
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Fig. (12) : An electron micrograph of ul-
tra-thin section in the mid-
shaft of the decaicified tibia
of an adult male albinc rat of
group Il showing a degener-
ated osteoblast. It loses its
processes and its outline be-
comes smooth. Its cytoplasm
lacks the organelles and
lodges many vacuoles
(V)and the nucleus(N)iooks
degenerated. The matrix (M)
appears pale ledging appar-
ently few and thin collagen fi-
brils (Uranly acetate / lead
citrate x 3000)

Fig. (13) : An electron micrograph of ul-
tra-thin section in the mid-
shaft of the decalcified tibia
of an adult male albino rat of
group Il showing an osteo-
cyte. It has a relatively smali
nucleus (N) and the cyto-
plasm houses several vacu-
oles(V) (Urany! acetate / lead
citrate x 3000).
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Fig. (14) : An electron micrograph of an
ultra-thin section in the mid-
shaft of the decalcified tibia
of an adult male albino rat of
group Il showing a part of the
matrix possessing dark areas
(D} with excess, regular colla-
gen fibrils and pale areas (P)
with apparently fewer fibrils
(Uranyl acetate / lead citrate
x 3000).

Fig. (15) : An electron micrograph of an
ultra-thin section in the mid-
shaft of the decalcified tibia
of an adult male albino rat of
group lll showing an osteo-
blast. It has a large nucleus
(N) and is surrounded by a
pale matrix or prebone(P)
and then by dark one or bone
(B) (Uranyl acetate / lead cit-
rate x 2000).
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Fig. (16) : An electron micrograph of an
ultra-thin section in the mid-

shaft of the decalcified tibia
of an adult male albino rat of
group lll showing a degener-
ated osteoclast. The cell los-
es its ruffled border which get
smooth. The nuclei (N) show
some degeneration and the
cytoplasm lodges several
vacuoles (V).The cell in sur-
rounded by non-
demineralized electron dense
collagen fibrils (bone) (B)
(Uranyl acetate / lead citrate
x 5000).

Fig. (17) : An electron micrograph of an
ultra-thin section in the mid-
shaft of the decalcified tibia
of an adult male aibino rat of
group lll showing a part of
the matrix containing exces-
sive collagen fibrils (Uranyl
acetate lead citrate x 6000).
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DISCUSSION
GCs are widely used in medicine.
They play a pivotal role in the treat-
ment of diseases that have an inflam-
matory component. Their effective-
ness, in this regard, is limited by the
occurrence of side effects (Lee et al,,
2005; Irwin and Richardson, 2006;
Summey and Yosipovitch, 2006). The
present study was accomplished to
throw light on the histological and ul-
tra-structural effects of Ris on the tib-
iae of the Bet-treated albino rats us-
ing both light and
electron microscopes.

transmission

In the present study, the bones of
the Bet-treated animals showed a
separated or thin periosteum with an
apparently marked decrease in the
amount of the collagenous fibres. A
variation in the sizes and an irregular-
ity in the distribution of the Haversian
canals were also noticed. Such alter-
ations might be due to the shadow
imparted by the given CS on the bone
and paralleled the clinical finding re-
ported by Watts (2004) and Kanis et
al. (2007). The surface notches and
the resorption cavities encountered,
in the current investigation, could be
due to the concomitant enhanced

bone resorption and the reduced
bone formation evoked by the admin-
istered GC. Ultrastructurally, the oste-
oblasts suffered from degenerative al-
terations in the from of losing both the
processes and the organelles and
gaining many vacuoles. The osteocy-
tes underwent similar variations. Both
types of cells were surrounded by
non-homogenous matrix. Again, the
GC utilized could be blamed for these
afflictions which came in accord with
those claimed by Dalle et al.(2005).
They declared that the main action of
GCs is the osteoblastic dysfunctions
by shortening the duration in which
the osteoblasts work actively forming
the bone matrix. Furthermore ,both
Weinstein et al.(2002) and Sedlak et
al.(2006) believed that GCs treatment
causes alterations in the osteocyte
micro-environment (lacunae and ca-
naliculi), demineralization as well as
micro-architectural changes in the
bone quality. These , in turn, lead to
an increased apoptosis of both oste-
ocytes and osteoblasts as well as
suppressed turn over of the cell cycle.
The present results were also sup-
ported by Delany et al.(2001) who an-
nounced that proliferation and diffe-
rentiation of the osteoblasts are
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controlled by local growth factors and
cytokines produced in bone as wel
as by systemic hormones. They add-
ed that GCs inhibit the synthesis and
action of the local growth factors as
the insulin like growth factor (IGF)
and transforming growth factor beta
(TGF-B) which are the important tar-
gets of GCs in bone formation.

In the same regard ., Massague
and Chen (2000) and Sowa et al
(2002a) clarified that TGF-3 regulates
bone metabolism and modulates both
production of proteins of osteoblasts
and bone formation. The non-
homogenous dark and pale areas of
matrix detected in the bones of the
Bet-treated rats, in the present study.
might be attributed to the structural
changes evoked by the given drug.
Similar interpretation for the action of
prednisolone on bones of rats was
delivered by Tkocz-Kiatkowska et ai.
(1998). They proved that GC-
administration resuits in a reduction in
the calcium and other mineral sub-
stances in bones. Lu et al.(2005) add-
ed that GCs inhibit formation of the
bone matrix proteins such as type-i
collagen and osteocalcin. Also, Shar-
la et al. (2005) proposed that GCs de-

Vol. 39. No. 1 &2 Jan., & April, 2008

crease the intestinal absorption of cal-
cium and disturb vitamin-D metabo-
lism as they reduce 1.,25-di-hydroxy
vitamin D (D-hormone) receptors in
bone leading to inflammation-induced
OP.

The persistence of the small oste-
oporotic cavities and the heteroge-
nous matrix in the bones of the Bet
and Ris-treated albino rats, in the
current work, couid be owed 1o the
residual harmful effect of Bet. But the
over-all scene of the tibial architec-
ture documented that there was an
evident improvement so that the bony
structure, more or less, resembled
that of the control animals. Such alter-
ations could be attributed to the less-
ening effect of Ris which, in general.
seemed to stamp out the negative
burden imposed by Bet on bones. As
a conseguence, the osteoblasts in the
present group , were found to pos-
sess large nuclei and were surround-
ed by a pale then a dark matrix.
These findings were supported by
lwata et al.(2006) and Follet et al.
(2006) who supposed that Ris not
only inhibits the apoptosis of both os-
teoblasts and osteocytes but also
stimulates proliferation and differenti-
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ation of the former cells. Additionally,
Yao et al.(2006) suggested that Ris
would restore . the bone micro-
architecture and improve its strength
in the ovariectomized mice via altera-
tions in its mineralization. On the oth-
er hand, the osteoclasts, in turn, were
affected by the given Ris in the
present investigation in a different
manner. These cells suffered from
degenerative changes .They lost their
ruffled border, their nuclei showed
some degeneration and the cyto-
plasm lodged many relatively large
vacuoles. Their nearby matrix ap-
peared non-demineralized and elec-
tron dense. Such findings denoted
that Ris could have a favourable ef-
fect on the Bet-stressed bony tissue.

These observations were con-
firmed by those of von Knoch et al.
(2005) and Lambrinouaki et al.(2006)
in human bone. They stated that Ris
inhibits the osteoclast-mediated bone
resorption. Similarly, Boonen et al.
(2004) stressed on that, among the
biphosphonates, Ris shows a higher
anti-resorptive effect. Further-
more, Takahashi et al.(2006), Moreau
et al.(2007) and Reginster et al.
(2007) hypothesized that Ris inhibits

the osteoclastic activity either through
its direct cytotoxic effect, thus induc-
ing their apoptosis, or by preventing
these cells from removing bone. It
was postulated by Werkman et al.
(2006) that Ris, in castrated rats al-
ters osteoclasts cytoskeleton proteins
or inhibits cholesterol synthesis which
are necessary for the formation of the
ruffled border, thus interfering with
the fixation mechanisms of the osteo-
clasts to bone matrix.
Dunford et al.(2006) and Russell
(2007) emphasized on that Ris inhib-
its a key enzyme, farnesy! pyropho-

Eventually,

shate synthase,thereby indirectly pre-
venting the biosynthesis of iso-
prenoid compounds required for both
the survival and function of the osteo-

clasts.

In light of the demonstrated benefi-
cial effects of Ris, in the current in-
vestigation, it is advisable to widen
the scale of its concurrent administra-
tion for patients on GCs therapy to
minimize, as possible, their undesira-
ble bony hazards.
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