Egypt. J. Anat, Vol. 26 (1) 85-119, January 2003 ISSN 1110-2144 l

ROLE OF CARNOSINE IN PREVENTION AND TREATMENT
OF OSTEQPOROTIC LLUMBAR VERTEBRAE OF
OVARIECTOMIZED HAMSTERS

Kawther M, Soliman, Hoda M. El-Aasar*, Naglaa A. Ibrahim*
and Amal M. Abbas**
Departments of Biochemistry, Anatomy* and Histology**,
Faculty of Medicine, Cairo University

INTRODUCTION

Estrogen plays an important role in the growth and maturation of bone as well
as in the regulation of its turnover to maintain bone balance in adults. During bone
growth, estrogen is needed for proper closure of epiphyseal platcs both in females
and males (Vaananen and Harkonen, 1996). In the adult, both bone formation
and resorption occur side by side in a process called remodeling where bone
formation equals the amount of that lost during resorption. With aging, resorption
hecomes more active than-formation with a net loss of bone mass (Lindsay et al,,
1980). Estrogen withdrawal as a resuit of menopause or induced by ovariecto-
my leads to osteoporosis as a result of a decrease in bone formation and an in-
crease in bone resorption (Sun et al., 1997; Chen et al., 2000), however, the de-
crease in bone formation may precede the increase in bone resorption (Seifert-
Klauss et al., 2002). The mechanisms which have been suggested for the develop-
ment of osteoporosis following estrogen withdrawal include stimulation of the
production of bone resorbing cytokines which stimulates osteoclast formation in
bone marrow (Vaananen and Harkonen, 1996). reduction of osteoprotegerin in the
osteoblasts resulting in stimulation of bone resorption (Liao et al., 2002) and reduc-
tion of the life-span of osteoblasts and increase of the life-span of osteoclasts (Chen
et al., 2000).
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Certain medications are in therapeutic use to prevent fractures in women with
estrogen deficiency. These included estrogen replacement therapy, raloxifenc. nasal
calcitonin, biphosphonates and parathyroid hormone (Watts, 1999). Although, theo-
retically, the most appropriate therapy for osteoporosis in younger women is estro-
gen replacement therapy (Castelo-Branco, 1998; Watts, 1999). yet the trial-based
evidence of the ability of hormone replacement therapy (HRT) 1o prevent fractures
is not strong. Moreover, the menstrual bleeding and increased risk of endometriosis.
endometrial cancer and breast cancer are among the factors that lead to limitation of
the use of HRT (Gibaldi, 1997; Colditz, 1998).

Camnosine (B-alanyl-L-histidine) is a dipeptide abundantly present in the
skeletal muscles and in the nervous tissues of the vertebrates including humans
(Boldyrev and Severin, 1990; Abe, 1991). Carnosine was proved to aid the
recovery of fatigued muscle, to act as a membrane-stabilizing agent, to possess anti-
oxidant activity and to have certain therapeutic properties (Perelman et al., 1989;
MacFarlane et al., 1991; Bogardus et al., 1992). Many researches pointed to the
wide safety of carnosine. No toxic effects of carnosine were observed even at con-
centrations of up 1o 500 mg / kg body weight (Ermakova et al., 1988). In addition,
Soliman and Abdel Monem (2001) recorded carnosine LD 50 in mice as 18.5 gm /
kg, a fact pointing to its safety.

A specific biological action of carnosine that may be of orthopedic importance
is that it can uniquely chelate zinc ion forming B-alanyl-L-histidinato zinc (AHZ)
that has more intensive effect than zinc sulfate on bone formation suggesting its role
in treatment of osteoporosis (Kishi & Yamaguchi, 1994 - a & b; Yamaguchi,
1995; Yamaguchi & Kishi, 1995 - a). The dipeptide of AHZ may be useful in the
penetration of zine ions into marrow cells with stimulation of the osteoblastic cells
(Hashizume & Yamaguchi, 1994; Yamaguchi et al., 1994; Yamaguchi and
Matsui, 1997) and inhibition of the osteoclastic cell formation (Yamaguchi, 1995;
Yamaguchi & Kishi, 1995 - a),

The aim of this work was to evaluate the degree of efficiency of the camosine
in prevention and treatment of osteoporosis through a histological and histomorpho-
metric study of its effect on lumbar vertebrae in ovariectomized hamsters.

MATERIALS AND METHODS

Thirty-three adult female hamsters weighing 103 - 120 gms were used in this
study. They were housed in cages, five animals each, under good hygienic
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conditions and food and water were allowed ad libitum. The animals were divided
into four groups as follows :
Group I (sham-operated group; control group; n = 9):

the animals were subjected to sham operation by mobilizing the ovaries of both
sides without doing ovariectomy.

Group 1I (ovariectomy only; n = 9):
hilateral ovariectomy was performed for the animals of this group.

Group ITI (ovariectomy with early carnosine treatment; n = 9) ¢

bilateral ovariectomy was performed for these animals followed by a daily dose
of intramuscular injection of carnosine (10 mg / kg body weight), starting from the
next day after the operation.

Group 1V (ovariectomy with late carnosine treatment; n = 6):

the animals were subjected to bilateral ovariectomy. Four weeks after the oper-
ation, the animals started to receive a daily dose of intramuscular injection of carno-
sine (10 mg / kg body weight).

In each group, the animals were anaesthetized by intramuscular injection of 0.5
ml of sodium thiopental of concentration of 1 gm / 20 m1 of distilled water and a
midline abdominal incision was performed. Both ovaries were identified and mobi-
lized with great care to avoid injuring the surrounding structures. Bilateral ovariecto-
my was done in groups IL, IIl and IV. After the operation, the incision was closed by
interrupted 0.5-silk sutures and the wound was sprayed by antibiotic powder.

The animals of each group were killed - three animals at a time - by intraperito-
neal injection of 1 ml of sodium thiopental at the specified intervals of 4, 6 and 8
weeks, from the date of the operation, in groups I, 11 and 111 and at intervals of 6 and
& weeks, from the date of the operation, in group IV, The lumbar vertebrae were re-
moved from each animal and fixed in 10% formol saline, The specimens were decal-
cified using 2% formic acid, and then paraffin blocks were prepared. Longitudinal
scctions of 7 pm were cut stained with Hx & E and Masson's trichrome (Masson,
1924) stains.

Morphometric guantification :
The areas of bone trabeculae (Ab, in pm?2) and their perimeters (Pb, in pm)
were measured using the binary image of the image-analyzer computer assisted by
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the software Leica Qwin 500 with a standard measuring frame (A1) of 720240.8
um?, These data were measurcd in 10 fields of each specimen and the mean values
were obtained. The following parameters were calculated using the following cqua-
tions, according to Parfitt et al. (1983) : o

* Trabecular bone volume (TBV) % = (Ab / Af) X¥100,

* Mean trabecular plate thickness (MTPT; um) = (2.000/ 1.199) X (Ab/ Pb).

* Mean trabecular plate density (MTPD; per millimeter) = (1.199/ 2.000) X (Pb

/ At),

Statistical analysis (Table) ;

The Statistical Package for the Social Sciences (SPSS version 7.5) was used in
data analysis. Data were cxpressed as mean & SE. One-way analysis of variance
(ANOVA) was used. The percentage of reduction compared to the control was cal-
culated as follows :

% = [(treated-control) / control] x 100.

RESULTS

Morphometric study (Table; Figs, 1, 2, 3) :

In group 11, where the animais underwent ovariectomy only, the measurements
of each of TBV%, MTPD and MTPT showed reduction in their values compared
with those of the control group I as well as with groups 111 and IV, along the whole
period of the cxperiment, Comparing to the control group, the reduction in the val-
ues of TBV% and MTPT were Statistically significant (P < 0.05), at the 4% weck of
the operation and statistically highly significant (P < 0.01) at the other period inter-
vals. On the other hand, the reduction in MTPD became statistically significant (P <
0.05) from the 6" week onwards.

The measurements of TBV%, MTPD and MTPT of group 111 (ovariectomy +
early carnosine treatment) were higher than those of group II but still showed reduc-
tion in their values compared with the control group. The reduction of the values of
measurements of MTPD wag statistically insignificant (P > 0.05) along the whole
period of the experiment while the reduction of those of TBV% and MTPT were sta-
tistically insignificant at the 4% week from the date of the operation then stalistically
significant at the other intervals.

In group IV (ovariectomy + late carnosine treatment), the measurements of
TBV% and MTPD werc higher than those of group It but lower than thosc of groups
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{ and TIT. Comparing with the control group, the reduction in the values of the meas-
urements of TBV% were statistically significant along the whole period of the ex-
periment while the reduction of the measurements of MTPD were statistically sig-
nificant at the 8% week of the operation. On the other hand, the values of
measurements of MTPT were higher than those of groups I1 and 111 and lower thar
those of group I, where the reduction was statistically significant, along the whole
period of the experiment.

There was an overall variation significance among the different animal groups,
which became more significant with the increased lime interval as indicated from
the greater numerical value of F-ratio by the 8 week from the date of the operation.
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Table : Measurements of the trabecular bone volume percent (TBV %), mean
trabecular plate density (MTPD / mm?) and mean trabecular plate
thickness (MTPT, um) in the different experimental groups,

N TBV 9 MTPED / mm? MTPT (jum)
weeks | Groups | nreanisk Mean+SE | Mean +SE
4 weeks | Control 42.44+237 746+ 0.88 5743+ 152
Group | 3511 £28% 7.16+0.73 50.16 £221
PR (- 17.27)* (-4.02) (- 12.66)*
Growp IIT [ 42.09£6.17 7.44 1 0.68 55521309
. PR (- 0.82) (- 0.26) (-3.32)
F - ratio 0.47 0.95 0.27
6 weeks | Control 4244+ 237 746 £ 0.88 57.43+252
Group II 26,33+2.70 6.24 £ 0.41 41971295
PR (- 37.95)%* (- 16.35)% (-26.91)%*
Group I 32,14+ 217 7.18 £0.50 44,83 + 3 47
PR (- 24.26)* (~3.75) (- 21.39)*
Group IV 298337 6.50 £ 0.83 4582 +517
PR (- 29.71)* (-12.87) (- 20.22)*
F - ratio 2.69 1.66 2.74
8 weeks | Control 42441237 746 £0.88 5743+ 1.52
Group II 18.01+4.19 4824058 37.65+4.12
PR (- 57.56)** (- 35.38)* (- 34.44)%*
Group IIT 2936 £ 4.51 6.97 £ 1.64 4227+ 5,76
PR (- 30.82)* (- 6.56) (- 26.39)*
Group IV 2818 £2.71 536 %041 3246 £ 1.21
PR (- 33.60)* (- 28.15)*% (- 8.65)*
F - ratio 4.64 ¥ 125 8.84 8%

PR : Percentage of reduction compared to the control.

SE : Standard error

* 1 Significant with respect to the control group (p < 0.05)

** ; Highly significant with respect to the control group (p < 0.01)

# : Significant at p < 0.05 (ANOVA)

## 1 Significant at p < 0.01 (ANOVA).

Note : The F - ratio indicates the overall significance among the different animal
groups. The greater the numerical value of the F - ratio the more significant
the difference is.
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Fig (1) : A histogram showing :
A) The trabecular bone volume (TBV %).
B) Mean trabecular plate density (MTPD / mm‘g')A

C) Mean trabecular plate thickness (MTPT, pm)
All measurements are demonstrated in the different experimental groups 4 weeks

after the operation.
* Significant with respect to the control group (p < 0.05).
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Fig (2) : A histogram showing :

A) The trabecular bone volume (TBV %).

B) Mean trabecular plate density (MTPD / mm?),
) Mean trabecular plate thickness (MTPT, pm)

All measurements are demonstrated in the different experimental groups 6 weeks
after the operation.

* Significant with respect to the control group ﬁp <0.05).
** Highly significant with respect to the control group (p < 0.01).
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Fig (3) : A histogram showing :

A) The trabecular bone volume (TBV %).

B) Mean trabecular plate density (MTPD / mm?).

) Mean trabecular plate thickness (MTPT. pm)

All measurements are demonstrated in the different experimental groups 8 weeks
after the operation.

* Significant with respect to the control group (p < 0.05).

*# Highly significant with respect to the control group (p < 0.01).
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thstological study :
Group I (sham-operated, control group) :

Penzitudinal sections of the lumbar vertebrae showed a thick shell of compact
tone with prominent Haversian system.(Fig. 4). The bone trabeculae were thick and
arranged in vertical and transverse directions with good intertrabeeular connectivity
(Fig. 5). Well-aligned and intact cement lines could be seen in both compact and tra-
becular bones (Figs. 4 & 5).

Ovariectomized groups :
Four weeks post-operative :
* Group 11 (ovariectomy enly) :

The histological picture of the lumbar vertebrac of these animals showed a thin
shell of compact bone containing few osteoporotic cavities (Fig. 6). A number of 0s-
teoclasts eroding the inner aspect of the compact bone could be seen (Fig, 7). The
bone trabeculae were thin and fewer in number - compared with those of the control
group - and arranged mainly in a vertical direction with many free ends and de-
creased intertrabecular connectivity (Fig, 8). Areas containing cartilaginous matrix
and cartilage cells were demonstrated in many of bone trabeculae (Figs. 8, 9 - a& b).
The bone marrow cavities were wide and contained a number of fat cells (Fig. 8).

* Group IX (ovariectomy with early carnosine treatment) ;

The lumbar vertebrae of the animals of this group showed a thick shell of com-
pact bone with intact cement lines (Fig, 10). The bone trabeculae were thick and ar-
ranged in vertical and transverse directions with good intertrabecular connectivity
(Fig. 11). The bone trabeculae demonstrated few numbers of osteoporotic cavities
(Fig. 11), many osteocytes and well-formed cement lines (Fig. 12).

Six weeks post-operative :
* Group I (ovariectomy only) :

The histological picture of the lumbar vertebrae of these animals showed oste-
oporotic cavities within a thin shell of compact bone (Fig. 13), There were few thin
bone trabeculae arranged mainly vertically with poor intertrabecular connectivity
and wide bone marrow cavities (Fig. 13). Some of the trabeculae formed a thin shell
around large mass of cartilage cells (Fig. 13).
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* Group 111 {ovariectomy with early carnosine treatment) :

Il lumbar vertebrae of this group showed thick bone trabeculae arranged both
»onizontally and vertically with good intertrabecular connectivity (Fig. 14). Cleav-
age of cement line (Fig. 14) and sites of osteoporotic cavities as well as few areas of
cartilaginous matrix could be seen within some bone trabeculae (Figs. 14, 15). Pro-
liferation of the cartilaginous plate was detected (Fig. 15) indicating active process

of bone formation.

* Group IV (ovariectomy with late carnosine treatment) :.

The histological picture of the lumbar vertcbrac of this group showed many 0s-
teocytes within a relatively thin shell of compact bone. compared with that of the
control group, (Fig. 16). The bone trabeculae were mainly arranged in vertical direc-
tion with decreased intertrabecular connectivity. The trabeculae demonstrated carti-

laginous areas as well as few osteoporotic cavities (Fig. 17).

Eight weeks post-operative :
* Group I (ovariectomy only) :

The lumbar vertebrae of these animals still showed a thin shell of compact bone
with some osteoporotic cavities. The bone trabeculae were mainly arranged vertical-
ly and showed large cartilaginous areas and sites of osteoporotic cavities. There was
much reduction of the intertrabecular connectivity and increased trabecular free ends
with widening of the bone marrow cavities (Fig. 18). Many osteoclastic cells were
demonstrated, either imbedded inside the bone trabeculae or eroding their surfaces
(Figs. 19-a &b).

* Group I (ovariectomy with early carnosine treatment) :

By the end of the 8™ week following the date of the operation, the compact
bone shell of the lumbar vertcbrae of these animals was still thick; having similar
thickness to that of the control group with large number of osteocytes (Fig. 20), The
bone trabeculae were arranged both vertically and horizontally with intertrabecular
connectivity and few trabecular free ends. Small cartilaginous areas as well as few
osteoporotic cavities could be seen within the trabecular bone (Fig. 21). Active pro-
cess of bone formation was indicated by the appearance of osteocytes within the are-
as of the cartilaginous matrix occupying the bone trabeculae (Fig. 22).
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* Group IV (ovariectomy with late carnosine treatment) :

The histological picture of the lumbar vertebrae of these animals showed bone
trabeculac arranged mainly vertically and decreased intertrabecular connectivity
with few trabecular free ends. Small areas of cartilaginous matrix and several oste-
oporotic cavities were also demonstrated within the bone trabeculae (Fig. 23). Simi-
lar to thosc of group Il osteocytes were seen within the areas of cartilaginous ma-
trix occupying the bone trabeculac.

Fig. (4) : A photomicrograph of
a longitudinal section in a lum-
bar vertebra of group I (control
group) showing thick shell of
compact bone with prominent
Haversian system (H) and well-
aligned cement lines (arrows).
Note the covering periosteum
(crossed arrow).

(Hx. & E.; x 100)

Fig. (5) : A photomicrograph of
a longitudinal section in a Jum-
bar vertebra of groui I (control
group) showing thick bone tra-
beculae arranged in ventical and
transverse directions (TB) and
demonstrating intact cement line
(arrow) with well intertrabecular
connectivity.

(Ix. & E.; x 40)
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Fig. (6) : A photomicrograph of a longitudinal section in a lumbar vertebm
of group Il (underwent ovariectomy only), 4 weeks after the operation,
showing thin shell of compact bone containing ostcoporolic cavities (o).
Note the periostial-covenng layer (arrow).

(11x. & E.; x 100)

Fig. (7) : A photomicrograph of a longitudinal section in a lumbar verntebra
of group Il (underwent ovariectomy only), 4 weeks after the operation,
showing an osteoclast (OC) eroding the inner aspect of the compact bone
(CB). Note the canilage cells (CC) within a bone trabecula on the left side

of the picture.
(Hx. & E.; x 400)
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(8) : A photomicrograph of a longitudinal section in a lumbar vertebra of
II (underwent maﬁeamy?h only), 4 weeks after the operation, showing thin o
trabeculae which are few in number and arranged mainly in a ventical direction with
many trabecular free ends. Decreased tra ar connectivity and areas containing
cartilaginous matrix (arrows) within the bone trabeculae are clearly seen. Note the
wide bone marrow cavities containing a number of fat cells (F) and the cartilagi-

ks Pl 1) (Hx. & E.; x 40)
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Figs. (9 a & b) : Photomicrographs of different fields of a longitudinal sec-
tion in a lumbar \renebra“;% group II (underwent ovariectomy only), 4
weeks after the operation, showing :

a) Cartilage matrix (CM) within a bone trabecula (TB).

b) Cartilage cells (CC) within a bone trabecula (TB).

(Ix. & E.; x 400)
(Hx. & E.; x 400)
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Fig. (10) : A photomicrograph of a longitudinal section in a lumbar verte-
bra of group I (underwent ovariectomy with early camosine treatment), 4
weeks afler the operation. showing a thick shell of compact bone (C) with
intact cement line (arrow). Note the thick covering layer of periosteum (P)
with muscle fibers (M) anached 10 iL

(Hx. & E.: x 100)

Fig. (11) : A photomicrograph of a longitudinal section in a lumbar verie-
bra of group [T (underwent ovariectomy with early camosine treaiment), 4
wecks alter the operation, showing thick bone trabeculae arranged in verti-
cal and transverse directions with goad intenirabecular connectivity. Few
osleoporotic cavities (0) can be seen within the bone trmbeculae.

(Hx. & E.: x 40)
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Fig. (12) : A photomicrograph of a longitudinal section in a lumbar vertebra of
group Il (underwent ovariectomy with carly camosine treatment), 4 weeks after the
operation, showing one of the bone trabeculae with many osteocytes (os) and intact

cement lines (crossed arrows).
(Hx. & E.: x 100)

Fig. (13) : A photomicrograph of a longitudinal section in a lumbar venebra of

group Il (underwent ovariectomy only), 6 wecks after the operation, showing an os-
teoporotic cavily (o) within a thin sheil of compact bone (CB). Few thin bone tra-
beculae arranged mainly in vertical direction with poor intetrabecular connectivity
and wide bone marrow cavities can be seen. Note the thin layer of trabecular bone

(TB) surrounding a large mass of cantilage cells (CC).
(Hx. & E.; x 40)
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Fig. (14) : A photomicrograph of a longitudinal section in a lumbar vertebra of
group III (underwent ovariectomy with early camosine treatment), 6 weeks after the
operation, showing thick bone trabeculae arranged in transverse and vertical direc-
tions with good intertrabecular connectivity. Osteoporotic cavities (crossed arrows),
cleavage of cement lines (arrows) and few areas of cartilaginous matrix (CM) can
be clearly seen within the bone trabeculae.

(Hx. & E.; x 40)

Fig. (15) : A photomicrograph of a longitudinal section in a lumba
group [1I (underwent ovariectomy with eaf[y camo:;inez mmlne?n)?‘gw;;: :;ls?llzf
operation, showing proliferation of the cartilaginous plate (PT). Note the osteopo-
rotic cavity (o) and areas of cartilaginous matrix (CM) within a bone trabecula.

(Hx. & E.; x 100)
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Fig. (16) : A Ipholomicmgmph of a longitudinal section in a lumbar verte-
bra of group IV (underwenl ovariectomy with late camosine treatment), 6
weeks after the operation, showing large number of osteocytes within a rel-
atively thin shell of compact bone.

(Hx. & E: x 100)

Fig. (17) : A I%mmmicmgrapeh of a longitudinal section in a lumbar verte-
bra of group 1V (underwent ovaricciomy with late camosine treaiment), 6
weeks after the operation, showing bone trabeculae arranged mainly ina
ventical direction and containing cantilaginous arcas (arrows) and few oste-
oporolic cavities (crossed arrows). Nole the decreased intertrabecular con-

nectivity.
(Hx. & E.; x 40)
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Fig. (18) : A photomicrograph of a longitudinal section in a lumbar vertebra of
group II (underwent ovariectomy only), 8 weeks after the operation. The bone tra-
beculae are arranged mainly in a vertical direction and showed large canilaginous
areas (arrows) and sites of ostcoporotic cavities (o). Much reduction of the intertra-
becular connectivity, increased trabecular free ends and widening of the bone mar-

row cavilies can be seen clearly.
(Masson's trichrome; x 40)
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Figs. (19 a & b) : Photomicrographs of different ficlds of a longitudinal
section of a lumbar vertebra of group Il (underwent ovariectomy only), 8

wecks after the operation, showing
a) Osteoclast cells (oc) cmhedded inside a bone trabecula (TB). Note the
osteoblasts (OB) on the surface of the bone trabecula and the pant of the

cartilaginous plate (PT)
(Hx. & E.; x 400)
rabem

b) Osteoclast cells (oc) eroding a cantilaginous surface of a bone 1
(Hx. & E.; x 400)
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Fig. (20) : A {rhulumicn\gnqm of a longitudinal section in a lumbar verte-
bra of group Il (underwent ovariectomy with early camosine treatment), 8
weeks afler the operation, showing a thick shell of compact bone with large
number of osteocytes (arrows).

(Hx. & E.; x 100)

Fig.(21) : A ?hulumicmgraph of a longitudinal section in a lumbar verte-
bra of group [l {underwent ovariectomy with early camosine treatment), 8
weeks after the gcralion, showing bone trabeculae arranged in both verti-
cal and horizontal directions with inlertrabecular connectivity and few tra-
becular free ends. Small cartilaginous areas (arrows) as well as osteoporot-
ic cavities {crossed arrows) can be seen within the bone trabeculae.

(Hx. &£ E.; x 40)
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Fig. (22) : A higher magnification of a different field of the previous section show-
ing osteocyles (arrows) within a cartilaginous area (CM) occupying one of the bone

trabeculae.
(Hx. & E.; x 400)

Fig. (23) : A photomicrograph of a longitudinal section in a lumbar vertebra of
group 1V (underwent ovanectomy with late carnosine treatment), 8 weeks after the
operation, showing bone trabeculae arranged mainly vertically. Small cartilaginous
areas (crossed arrows) and several osteoporotic cavilies (arrows) can be seen within
the bone trabeculae. Note the decreased intertrabecular connectivity and the few tra-

becular free ends.
(Hx. & E.; x 40)
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DISCUSSION

Bone loss already occurs in young adult women or men. However, the rate of
loss is slow because the remodeling rate is low in this young age while the loss ac-
celerates in women at menopause because the remodceling intensity increases and the
number of basic multicellular units becomes more negative with reduction of the
mineral content of bone tissue (Riggs, 2002).

In the present work, bilatcral ovaricctomy flared up osteoporotic changes
which, to a great extent, imitated the senile and postmenopansal osteoporotic altera-
tion. The operation led to cancelious as well as compact bone loss of the lumbar
vertebrae and its severity increased with time lapse. The compact bone showed cn-
hanced endocortical resorption as well as increased intracortical porosity. In agree-
ment, Vaananen and Harkonen (1996) studying the effect of estrogen deficiency
on young skcletons as well as on those following menopause, obtained the samc
findings. Furthermore, Vaananen and Harkonen (1996) cmphasized that the endo-
cortical resorption represented the first response of estrogen withdrawal and preced-
ed the intracortical porosity. In the untrcated ovariectomized animals (group 11) of
the current work, the presence of a few number of intracortical osteoporotic cavitics
with the carly appearance of the osteoclasts eroding the inner surface of the compact
bone resulting in its considerable thinning, 4 weeks post-operatively, confirms this
view of Vaananen and Harkonen (1996). Concemning the concellous bone, the ver-
tically directed thin bone trabeculae containing many osteoporotic cavities with loss
of the intertrabecular connectivity, the increased trabecular free ends and the widen-
ing of the bone marrow cavities were the common histological findings and were
cquivalent to those obtained by Chow et al. (1992), Vaananen and Harkonen -
(1996), Kinney et al. (1998) and Chen et al. (2000). These previous rescarches
pointed out that the decrease in the amount of the trabecular bone and their iritercon-
nection was the most serious manifestation of estrogen loss, Tl hey, further, attributed
the decreased bone mass and reduced bone strength to this disturbed bone architec-
ture because of penetrative bone resorption and microfractures.

With time lapse after ovaricctomy, it was obvious that cancellous bone was
much more affected than the compact one. This finding is consistent with the state-
ment of World Health organization (1994) rcporting that bone loss in postmeno-
pausal osteoporosis was much slower in the cortical than the trabecular bone. Riggs
et al. (1998) also assumed that there was a profound and accelerated bone loss main-
ly in cancellous bone during the first postmenopausal decade. Further, Riggs (2002)
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correlated this bonc loss to the abrupt loss of action of estrogen and the loss of its di-
rect restraining effect on bone cell function.

Many mechanisms have been suggested for the development of osteoporosis
following estrogen withdrawal. Vaananen and Harkonen (1996) attributed it main-
wmmWWMMMMMmmMMMMMymmﬂﬂ%ﬂ%DMMWmmﬁﬂ
al. (1988) postulated that the bone loss was the sequence of an increase in bone re-
sorption associated with a slight increase in bone formation. Further, Sun et al.
(1997), Chen et al. (2000) and Seifert-Klauss et al. (2002) ascribed the osteoporot-
ic changes following estrogen withdrawal to inhibition of ostcobalstic formation and
stimulation of osteoclastic activity. Riggs (2002) pointed out that cstrogen deficien-
¢y reduced osteoblast life-span and increased osteoclast life-span as well as reduced
the mineral content of bone tissue. An additional statement by Seifert-Klauss et al.
(2002) postulated that decreased bone formation may precede incrcased bone resorp-
tion. Comparable findings were previously presented by Gibaldi (1997) who de-
duced that estrogen withdrawal following ovariectomy induced a four-fold in-
crease in the osteoclasts which erode the bone trabeculae leading to their perforation
and eventually to their fading. This postulation perfectly explains the present in-
creased number of osteoclasts eroding both the compact and trabecular bones as well
as the marked reduction in the bone trabecular interconnection, density and thick-
ness observed in the ovaricctomized animals (group II). The increased activity of the
osteoclasts as result of estrogen withdrawal was explained by Yaananen and Har-
konen (1996) who suggested that estrogen withdrawal stimulates the production of
bone resorbing cytokines which regulate osteoclast formation in the bone marrow
mmmmwmmmmJMWMHJ&wﬂaL&Mnmmmmdmmmmemmmmndme
osteoprotegerin in the osteoblasts which has an inhibitory effect on bone resorption.
In these ovariectomized animal specimens, the presence of large areas of cartilagi-
nous matrix occupying the bone trabeculae with absence of signs of active process
of bone formation are in favor of the assumption that ¢strogen withdrawal leads, as
well, to inhibition of osteoblastic activity and bone formation (Sun et al., 1997;
Chen et al., 2000; Seifert-Klauss et al., 2002). Whether the effect of estrogen on
osteoblasts is by direct mechanisms is still uncertain (Vaapanen and Harkonen,
1996).

Tn group I (early carnosine-treated animals), the large number cf osteocytes
within a thick shell of compact bone as well as the presence of thick bone trabeculae
arranged both vertically and horizontally with good intertrabecular connections
denoted the role of carly treatment with carnosine following ovariectomy, in
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conserving the normal bone architecture compared with those without tnment
(group 1I). Equivalent observations were presented by Yamaguchi and Ki«hi
(1993), Kishi and Yamaguchi (1994 - b) and Kishi et al. ( 1994). Yamaguchi and
Kishi (1993) pointed out that prolanged administration of tested doscs of « ¢ 130,
100 mg / kg / d) carnosine ¢ould completely prevent bone loss in the ovariectom e
rats. Morcover, the histomorphological swudy of Kishi et al. (1994) supported this
view. In the current work, the presence of sites of cleavage of cement lines and oste-
oporotic cavities in the trabecular bone as well as reduction in TRV % demonstrated
in carnosine-treated groups might contradict the view of Yamaguchi and Kishi
(1993) of a complete preventive effect of carnosine on bone loss. However, the
short-term administration of carnosine (8 weeks) and the use of its lowest tested
dose (10 mg/kg/d) can explain this contradiction. In agrcement, Kishi and
Yamaguchi (1994 - b) deduced that the osteoporotic preventive effect ol carnosine
was concentration dependent.

Yamaguchi et al. (1994), Yamaguchi and Hashizume (1994 - a & b) and
Sugiyama et al. (2000) found that beta-alanyl-L-histidine, which chelates zinc ions
in various essential traces forming beta-alanyl-L-histidinato-zinc (AHZ), prevents
bone loss following estrogen withdrawal through stimulation of bone formation and
osteoblastic proliferation. Segawa et al. (1993), Yamaguchi and Kishi (1993), and
Yamaguchi and Kishi (1994 - a & b) concluded that AHZ prevented deterioration
of bone metabolism following ovariectomy by inhibiting the reduction of calcium
and inorganic phosphorus concentrations in the serum as well as inhibiting the re-
duction of the alkaline phosphatase activity and calcium content of bone induced by
various bone resorption factors. Further, Segawa et al, (1992) emphasized the ability
of AHZ to prevent the development of deteriorating bone metabolism even in rats
fed on low calcium and vitamin D-deficient dicts. In the current work, the presence
of large number of osteocytes within both compact and trabecular bones and signs of
an active process of bone formation; proliferation of the cartilaginous plate and ap-
pearance of osteocytes within the cartilaginous areas of the bone trabeculae in carno-
sine treated groups are consistent with the postulation of the stimulatory effect of
carnosine on bone formation.

The mechanism by which carnosine stimulates bone formation was proved by
the finding of increased osteoblastic cell number, DNA content and protein concen-
tration in the cells (Yamaguchi and Matsui, 1996). Furthermore, Soliman and Ali
(2003) demonstrated that carnosine causes increase of the concentration of liver
DNA and RNA as well as selective increase of serum proteins. This may add further
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support 1o the possible ability of carnosine to stimulate bone protein building. The
intermediary metabolism involved in this carnosine stimulatory action is through its
duect elfect on many cellular enzymes ¢.g. cellular alkaline phosphatase and protein
kinase (Hashizume and Yamaguchi, 1994; Yamaguchi and Ehara, 1996;
Yamaguchi and Matsui, 1997) and not through its inhibition to the effect of bone
resorbing factors on osteoblastic cells (Yamaguchi and Hashizume, 1994 - a). In
agreement, Yamaguchi and Hashizume (1994 - b) detected a marked increase in
the concentrations of many cellular proteins, such as osteocalcin. insulin-like growth
factor-1 and transforming growth factor-beta, secreted from osteoblastic cells in the
culture medium by the presence of AHZ. Furthermore, Hashizume and Yamaguchi
(1994) and Yamaguchi et al. (1994) demonstrated that the other zinc-chelating
compounds do not have an effect on cellular protein content. They attributed the po-
tency of AHZ on this aspect to its dipeptide part (AH: carnosine) that may be usciul
in the penctration of zinc ions into marrow cells stimulating their protein synthesis.

In the current histological study, failure to detect any osteoclasts on the surfac-
¢s or within the compact or the trabecular bones in the (wo groups treated with car-
nosine (111 & IV) versus to detection of many of them eroding the compact and ra-
becular bone in the untreated group (IT), can lead to the assumption that carnosine
may inhibit the osteoclastic bone resorption following estrogen withdrawal, Such as-
sumption is in a full agreement with Kishi and Yamaguchi (1994 - a), Yamaguchi
(1995) and Yamaguchi and Kishi (1996) who ascribed this phenomenon to the in-
hibitory effect of carnosine Zn compound (AHZ) on osteoclast-like cell formation,
in mouse marrow culture in vitro. at the earlicr stage of differentiation of marrow
cells without affection of the osteoclastic number. In addition, Yamaguchi and
Kishi (1995 - b) indicated that the transforming growth factor-beta has a stimulatory
and an inhibitory cffect on osteoclast-like cell formation in Mousc Marrow culture
and that AHZ inhibited its stimulatory effect. Furthermore. Yamaguchi (1995) and
Yamaguchi and Kishi (1995 - a) deduced that the preventive effect of AHZ on
bone resorption in vivo is via its inhibitory action on the process of parathyroid
hormone-induced protein kinase C activation, which increases the released cytoplas-
mic Ca*? from its osteoclastic cell stores. The more intensive effect of AHZ than
other zinc-chelating compounds was proved by Kishi and Yamaguchi (1994 - a)
and Yamaguchi and Kishi (1995 - a and 1996) who attributed it to the beneficial
cffect of the dipeptide component of AHZ in the penetration of zinc ion into marrow
cells intluencing the process of protein kinase C activation.

From the prescul histomorphometric study. it was found that comparing with
carly carnosine treated group (II1), the late carnosing treated animals (group 1V)
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showed an increase of the MTPT and a reduction of the MTPD, endorsed histologi-
cally with the decreased intertrabecular connectivity and the increased trabecular
free ends. This findings support the view of Parfitt et al. (1983) who stated that the
reduction of TBV as result of estrogen withdrawal occurs predominantly by a pro-
cess that removes entire structural clements of bone resulting in reduction of the
number of bone trabeculae (MTPD) with slight reduction of their thickness (MTPT)
and converting the continuous trabecular network into a discontinuous one., They
added that an increase in TBV as a result of the treatment of 0Steoporosis can occur
by a compensatory increase in the thickness of the existing trabeculae without re-
storing the lost ones, which formation stops after fusion of the epiphyseal plate i.c.
once trabecular plates lost, they can never be replaced, Furthermore, Lane et al.
(1999), and Jerome et al. (2001) pointed out that the compression strength of tra-
becular bone depends more on the preservation of connections between the structu-
ral elements than on the amount of bone present. They added that the thickened tra-
beculae produced by treatment remain disconnccted, so that increasin g TBV even to
normal may not restore a biomechanically normal skcleton, Consequently, Lane et
al. (1999) deduced that prevention of bone loss is much more important than at-
tempting to repair the damage, once it has occurred, suggesting a prompt interven-
tion with anti-resorptive agents for preservation of the biomechanical features of the
bone,

From the present work, it is concluded that bilateral ovariectomy results in in-
crease of osteoclastic resorption activity and inhibition of osteoblastic bone forma-
tion with destruction of bone architccture and that carnosine has both a stimulatory
effect on bone formation as well as an inhibitory effect on bone resorption suggest-
ing its role as a pharmacological tool in treatment of osteoporosis. The early carno-
sine intervention is advisable for preservation of the normal bone structural ele-
ments. The complete osteoporotic preventive cffect of higher doses of carnosine
needs further study.

SUMMARY

Four groups of adult female hamsters were used in this study, group I (control
group) exposed to sham operation, group 11 subjccted to bilateral ovariectomy,
group III exposed to bilateral ovariectomy followed - next day - by a daily dose of
intramascular injection of carnosine and group IV subjected to bilateral ovariectomy
followed - 4 weeks later - by a daily carnosine treatment.
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The animals of groups 1, 1T and Il were sacrificed at intervals of 4,6 and 8
w.hs while those of group IV were sacrificed at intervals of 6 and » w veks from the
date of the operation. The lumbar vertebrac were remoyved and preparcd 1or histo-
morphometric and histological study. The histomorphometric quantification of lum-
bar vertebrae showed variable and statistically significant reduction o TRV %,
MTPD and MTPT in animals of groups 11, I11, and IV. However, The highest redu -
tion was in the animals exposed to bilateral ovariectomy only (group ID. In carly
carnosine-treated group (1), the values of TBV %, MTPD were higher and those of
the MTPT were lower than the corresponding values in late Catosine -treated one
(Iv).

The histological study revealed that ovariectomy resulted in reduction in the
thickness of the compact as well as the trabecular bones. Both showed many osteop-
orotic cavities and osteoclasts eroding their surfaces, Large cartilaginous areas 0ccu-
pying the bone trabeculae, loss of trabecular connection resulting in increased tra-
becular free ends with disturbed trabecular architecture and widening of the bone
marrow cavities showing fat cells were also demonstrated. Treatment with camosine
resulted in disappearance of the osteoclastic resorption activity and increase the
number of osteocytes in the compact and trabecular bones as well as proliferation of
the cartilaginous plate with the appearance of osteocytes within the cartilaginous ar-
eas occupying the bone trabeculae denoting active process of bone formation. How-
ever, early treatment with carosine (group [11) was more cffective than the late
treatment (Group IV) in preservation of compact bone shell thickness, intertrabecu-
lar connectivity and trabecular architecture with reduction of the trabecular free
ends.

From the present work, it is concluded that bilateral ovariectomy results in
marked increase of bone loss with destruction of bone architecture and that carno-
sine has both a stimulatory effect on bone formation as well as an inhibitory effect
on bone resorption. Early carnosine intervention is recommended for betier preser-
vation of the normal bone structural clements.
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