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Abstract: Problem statement: Osteoporosis; the major health problem is an iaiper disease
requires a significant attention to discover difer aspects of this threatening abnormality. Tlaeee
some problems in osteoporotic human populatiorotwoct researches such as lack of a homogenous
sample size or ethical problems. So, there wasea te have protocol in animal model to let the
scientists discover various feature of this diseaggomote health status of the human populaiibe.
aim of this research was to make such protocohimal model.Approach: About 15 rabbits were
utilized in the current research. Six animals ob@r 1 have undergone bilateral ovariectomy which
was followed by IM injection of 1 mg k§day of methylprednisolone. Six rabbits of secondugr
only undergone bilateral ovariectomy and three ahiof Group 3 served as a control group. They
neither undergone any surgery nor received any caéidns. After surgery up to four weeks
radiographs were taken. At week four animals weuthanized and samples of cortical and
chancellors’ bone were evaluated by light and scenmlectron microscopedkesults: Group 1
completely manifested features of osteoporotic b@uenplete radiolucent view with cortical thinning
in radiographs as well as broken, thinned and patdéd chancellors bone trabecullae in light and
electron microscope confirmed the osteoporotic neataf both cortical and chancellors’ bone.
Ovariectomy alone did not show sufficient potent@linduce osteoporosis in rabbits in such short
period. Conclusion: As the conclusion, bilateral ovariectomy followigjection of mild doses of
glucocorticoids could result in a fast, easy angstable protocol to induce osteoporosis in rabbit
model. This procedure could be utilized in creatosjeoporotic rabbits for better understanding of
unknown aspects of the recent growing syndrome.
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INTRODUCTION osteoporosis in women and study limitation in human
it is necessary to have a trustable protocol for
Osteoporosis is a cluster of abnormalitiesosteoporosis induction in animal model. Another
characterized by a decrease in bone mass and pmoblem concerned in human society is their lifdest
deterioration in bone microarchitecture which ledls Smoking, alcohol consumption and various diet sabit
an enhanced fragility of the skeleton and hence to inhibit the scientists to have homogenous of sgdiet
greater risk of fracture (Jee and Yao, 2001). Byconduct an investigation. By inducing osteoporotic
improving the public health and aging of the animal models, the better understanding of
population, the incidence of this disorder is alsoosteoporosis, incidence and susceptibility of défe
increasing. Postmenopausal osteoporosis is a majtiones to fractures and different ways to osteopmrot
health problem for women society. High susceptipili fractures augmentation would be possible. Animal
to fractures in osteoporotic bone, increased okisic  model also plays an important role in manifestihg t
resorption and ceased osteoblastic bone formatioonknown aspects of the disease (Turner, 2001).
induce an obligation to know physiopathology, daii An appropriate animal model for any research
manifestation and treatments of this disease morshould be based on the following consideration3: (1
concisely. Due to slow development of postmenodausappropriateness as an analog, (2) transferability o
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information, (3) genetic uniformity of organismseve (100 mLY; 40 mg kgY), Xylazine (20 mC*; 5 mg kg*)
applicable, (4) background knowledge of biologicaland Acepromazine (5 mt 1 mg kgl)_ For
properties, (5) cost and availability, (6) genezallility — maintenance, 1% Isoflurane with oxygen flow rate of
of the results, (7) ease and adaptability to expental 0.6 L mini* (through the face mask) in the completely
manipulation, (8) ecological considerations and (9)open circuit using Y piece was utilized.

ethical and societal implications (Turner, 2001;

Davidsonet al., 1987). Surgery protocol: Designated animals have undergone
_ The rabbit is one of the most commonly usedpjjateral ovariectomy. For ovariectomy, skin inoisi
animals for medical research, being used inyas made on the ventral mid line from umbilicus
approximately 35% of musculoskeletal research 68idi gistally for 4 cm. The subcutaneous fascias were
(Neyt_et al., 1998)' This IS in part due to ease ofincised on the same line. Linea Alba was also sdbb
handling and size. The rabbit is also convenierthat and cut. Left ovary was and three pedicle clamp
it reaches skeletal maturity shortly gfter sexuaturity technique was employed to clamp and ligate theiawar
gte:rrg;tngl Ségor%n)onths of age (Gilsasizal., 1998; vessels. Another three clamp technique was used to

N X detach the ovary from uterine horn. The other ovary

Although some differences in bone remodeling .
between rabbit and human bone. however thié’"so was removed in the same manner. For last step,

laboratory animal is commonly and frequently used i -inea Alba and skin were sutured respectively.

bone tissue researches (Peasteal., 2007). Since ) . . .

there is a great need to further characterize iffe OSteoporosis establishment:  Following bilateral

aspect of postmenopausal osteoporosis and singvariectmy, 1 mg kg day’ of methylprednisolone

rabbit is one of the most common animal in bone(Castanedat al., 2008) was injected intra muscular to

researches it is wise to have an osteoporosis fiduc the first group. Second group did not receive any

protocol in this animal model. medication. Third group neither undergone surgery
So far there are very few and limited data onnor received any medication treatment and served as

osteoporosis induction on rabbit model. The maimai  control group.

this investigation is to introduce a simple andcpical

osteoporosis induction protocol in rabbit model. Sample examination: The radius and femoral bone
were radiographed preoperative, post operative and
MATERIALSAND METHODS once a week after surgery up to 4 weeks. At wette4d

, . rabbits were euthanized by intra cardiac injectin
Animals and_ desgn:_ A total of 15 fem?"e New  qolethal (Pentobarbital; 200 mg AL 2 mL rabbit)
Zegland White rabbits, 6 months old with averageqer general anesthesia. The compact as well as
weight 2.5 kg were chose for the present study. Thg,,n4 'hones were removed for histological assessme
protocol for this research project and animal expent o, Scanning Electron Microscope (SEM) evaluation.
in the current study has been approved by AnimaéCa p,qiys was sample of compact and head of femur and
and Use Committee of Faculty of Veterinary Medicine wing of ilium were chose as representatives of ggon
University Putra Malaysia. Rabbits were dividedp o oo statistical evaluation was made by one way

randomly into three groups; group 1 with 6 rabbisl A\ oy, of SPSS 16.0 version. p<0.05 was considered
been undergone bilateral ovariectomy and that wagg statistically significant.

folowed by IM injections of 1 mg kg day*
methylprednisolone, Group 2 had six rabbits and/ onl
undergone ovariectomy and third group with three
rabbits served as the control group and did nativec
any surgery or medication. The animal of this groupRadiographic observation: Radiographs were taken
were kept under same feeding and environmentadn weekly bases using table top procedure (44 k\p a
condition with other two groups. Rabbits were kept2 mAs) with an exposure time of 10 ms and working
individually in separate cages in room temperatmé distance of 1 m in all groups. At fourth week
were fed ad libitum with commercial rabbit pellet postoperation, radius in group 1 showed completely
provided by a local supplier. They were experiegcin radiolucent view with very thin cortex with and
12 h as days and same hours as night. abnormal marrow cavity density (Fig. 1a) whereas

radius in Group 2 and 3 shows normal bone structure
Anesthetic protocol: The animals were anesthetized thick and radiopaque cortex with normal marrow tavi
using intramuscular injection of premixed of Ketami density (Fig. 1b).
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Fig. 1: At 4th week, Group 1 shows complete featire
osteoporotic bone (a) where as Group 2 and 3
were not qualified to induce osteoporaosis (b)

Fig. 3: Femoral head trabecullae at week 4 shows
elongated, thinned and broken trabecullae in
Group 1 (a) but it is showing a complete
connectivity in other two groups (b). Trabecullae
thickness was also measured and compared

Histopathology examination: As the representative of
cancellous bone, wing of ilium and head of femuswa
assessed. In Group 1 in iliac wing, the bone traltee
was broken and proliferated. There was not cortinui

in the bone trabecullae in wing of ilium (Fig. 2a).

femoral head, the trabeculae became elongated and

broken (Fig. 3a). Second and third groups showed
normal, thick bone trabecullae with complete cautin

and connectivity in both iliac wing (Fig. 2b) and

femoral head (Fig. 3b). Trabecullae thickness was

measured in all groups. There was significant diffiee
between Group 1 with Group 2 and 3 (p<0.05).

Fig. 2: At 4th week bone trabeculla shows broked an For the cortical bone, size of lacunae in all grou
perforated appearance in Group 1 (a) whilewas measured. Group 1 showed larger trabecullae
showing complete connectivity in other two (Fig. 4a) in comparison to the other two groups
groups (b) The trabeculla thickness was alsdFig. 4b). There was significant difference in laau
measured in all groups size between Group 1 with Group 2 and 3 (@5P
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Fig. 4: Lacunar size in all groups was measuretedp®rotic bone (a) showed larger size comparagtigamormal
bone (b)
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Fig. 5: Scanning electron microscope shows perdréarrow), thin and broken treabecullae in ostesgpoanimals

of Group la while other two groups shows (a) comepteormal and connected trabecullae (b) Thicknéss o
trabecullae were measured and compared betwegroals
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Fig. 6: Head of femur under SEM, showed thinndsdraullae in Group 1 (a) in comparison with othgr@ups (b)
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Bone thickness was also measured. There was saymifi problem affecting more than 25 million individuals
difference in bone thickness between Group 1 withonly in the United States and is responsible fofl we
Group 2 and 3 (p<0.05). Bone thickness wasover one million bone fractures each year (Pergcival
significantly decreased in the first group. 1999). The annual financial costs of osteoporasihé
US alone -based on hospitalization costs and aamnude

Scanning electron microscope evaluation: On iliac long-term care-are estimated to exceed ten billion
wing, trabecullae were thinned, broken and peréarat dollars (Percival, 1999) and with the rapid agirighe
lliac wing trabecullae thickness was measured In alPopulation, these costs are expected to increase
groups. There was significant difference in traieey  dramatically. The bone loss that precedes the
thickness between Group 1 (Fig. 5a) with Group @ an OSteoporotic fracture is a symptomless process, so
3 (Fig. 5b) (p<0.05). osteoporosis may go undetected until bones become s
Femoral head trabecullae thickness was measurdyittie that even the slightest trauma would caase
by SEM in all groups. Group 1 showed thinner bongffacture (Dempster and Lindsay, 1993). Spine is the
trabecullae (Fig. 6a) compared with Group 2 and 3NOSt common region of fracture, with one third of
(Fig. 6b) There was significant difference betweenomen 65 years and older having sustained spinal

normal and osteoporotic trabecullae thickness @x0. ~ Vertebrae fractures, leading to loss of height,hogis
and chronic back pain (Dempster and Lindsay, 1993;

Percival, 1999). By extreme old age, one of evhrge
women and one of every six men will have had a hip
fracture which, by any measure, is the most detiagta
The result of our study gives the impression toof all osteoporotic fractures (Percival, 1999).
indicate that only group one could successfullyiegh With this threatening awaking awareness stillelitt
in inducing osteoporosis in rabbit model. Groum#8 8  emphasis has been given to the study of fractumirige
were completely unsuccessful in osteoporotic animain osteoporotic bone (Namkung-Mattheti al., 2001).
induction, which means ovariectomy alone was noHence, a trustable osteoporotic inducible protacol
sufficient in osteoporosis induction. animal model now is showing to be so vital to pdavi
Radiographic observation showed a completais more information about different aspects of bone
osteoporotic feature in Group 1. Cortical thinnasgwell ~ fracture and bone healing pattern in this disease.
as complete radiolucent view confirmed the osteagier Bone biopsies performed in osteoporotic women
by radiologic findings. Histopathologic findingsgaf  have demonstrated decreased bone formation rates du
the issue by demonstrating broken, perforated antp diminished osteoblastic function and prolonged
thinned trabecullae in iliac wing and elongated andemodeling periods (Mariet al., 1989). Microdamages
broken cancellous trabecullae in head of femoreM SE and trabecular microfractures due to abnormaliiies
evaluation was in agreement with other two findings trabecular microarchitecture have been seen wiihgag
Perforated trabecullae is completely obvious acilving and osteoporosis (Namkung-Matthat al., 2001).
and thinned and broken trabecullae was signifigantl Alterations in fracture healing with delayed osseou
manifested. All findings agreed that ovariectongnalis  differentiation has also been noted in osteoporwtice
not sufficient in osteoporosis induction and it wldobe  in humans (Fujimotet al., 2001) due to compositional
accompanied by injection of a glucocorticoid agent.differences in local growth factors such as tramsfog
These findings are in complete agreement with figsi  growth factor, bone morphogenetic protein (Namkung-
of Castanedet al. (2008). Matthai et al., 2001) and insulin-like growth factor
Studies examining the fracture healing process ifNamkung-Matthaiet al., 2001). As the consequence,
osteoporotic bone are very limited and scant whicHEStrogen deficiency is one of the most importaatdes
might be due to lack of a standard protocol forin the pathogenesis of osteoporosis. Osteoporotic
osteoporosis induction. In a glance osteoporosigldvo changes due to estrogen deficiency have been
result in bone fragility and an increase in susbdjty associated with an imbalance between bone formation
to fracture (Namkung-Matthagt al., 2001). As a and bone resorption (Namkung-Mattieaal., 2001).
health-care problem, osteoporosis now comprises a There are two points of view on the mechanism of
large percentage of both public and private healttihe effect of estrogen deficiency on bone union me
spending and is expected to escalate rapidly ir2flse  bone structure. Cesnjat al. (1991) investigated the
century, with projected costs of hip fractures alon osteoinductive effects of oestrogen and determthatl
reaching US$ 131 bilion worldwide by 2050 osteogenesis was decreased and chondrogenesis was
(Namkung-Matthaiet al., 2001). It is a major health retarded in ovariectomized rats. The authors emrpthi
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this finding by hypothesizing that oestrogen defidy  (2006) in their study observed changes in elastic
altered the production of osteoinductive proteinshs modulus surrounding osteocyte lacunae, reduced
as osteogenin and bone morphogenetic protein, thugineral to matrix ratios in the same areas and an
disturbing bone matrix formation. This mechanismincrease in lacunar size. This finding suggestg tha
accounts for the effect of oestrogen deficiencytlwa  gsteoporosis may alter the metabolism and funation

early phase of bone union (Cesnjej al., 1991). {ne osteocyte and is not just inducing celltdea

According to a different view, in addition to the (| ane et al., 2006). It has been hypothesized that the
negative effects on new bone formation, increasB®b  ,qtoqcvte can remodel its local environment, which
turnover. will lead to osteoporosis in the new b(mga includes both the lacunae and canaliculi (Baylimkl a

well as in the host bone and thus the new bonebsill Wergedal, 1971). Baylink and Wergedal (1971) found

less so_und. Kuboet al. (1999) assert that this that osteocyte lacunae have been shown to uptake so
mechanism adversely affects the late phase of bone

union (Kuboet al., 1999). Walshet al. (1997) have materials such as tetracycline, called “periostéocy
determined that ’new bone is less biomechanicall erilacunar’, indicating their ability to calcifyrdorm

sounds in ovariectomized rats, but that is in asttr °ON€: Alternativel_y_, these investigators also foawed
with Kubo’s findings, who revealed that bone structurePhosphatase-positive  osteocytes  near  endosteal
is less affected in the late phase (Wadshal., 1997). osteoglastlc reserving surfaces, suggesting pe_alenu
Arsalanet al. (2003) reported a less compact structure irff@Pacity to resorb. They also found greater satytof
the callus formation in the periosteal region, fiition of ~ the intralacunar mineral surrounding the normal
matrix calcification and a less mature trabecularosteocyte (Baylink and Wergedal, 1971). These
appearance in bone union (Arsaghal., 2003). observations suggest that the osteocyte can bath ad
Histomorphometric  analysis of osteoporosisand remove mineral and as a result, canalicule siz
associated with menopause, a natural cause obgestr increased is another finding of osteoporotic bone.
deficiency, has shown that bone resorption and dtion The results of this study were in agreement with
are relatively normal in most osteoporotic patientsCastanedaet al. (2008) that revealed performing
(Arsalanet al., 2003). However, there are subgroups ofovariectomy alone is insufficient to induce ostemscs.
patients in whom bone resorption is high and foimmat Laneet al. (2006) stated the osteocyte-lacunar size would
is low. These heterogeneous findings are explaimed increase in glucocorticoid induced osteoporosi$ aE
the hypothesis that there may be different phagses ifinding of the current research and last but nastieas
osteoporosis associated with oestrogen deficiemzy a Arsalan et al. (2003) reported the trabecullae of the
that osteoblastic and osteoclastic activity may yesm  spongy bone would become thinner and broken exactly
phase to phase. Higher increases in osteoblastic asuch as our observation in this research.
osteoclastic activity in the both early and latag#s of
oestrogen deficiency have been reported. Accortbng CONCLUSION
Arsalanet al. (2003) finding’s increase in activity in the

late metabolic phase was higher the early phase of In conclusion, osteoporosis is a major increasing

oestrogen deficiency. They have also observed thirbopulation health problem. So there was a necesity

irregular structures in the callus tissues as aglnature have protocol of animal model of osteoporosis tate
trabecullae of osteoporotic rabbits (Arsadhal., 2003). scientist discover more aspects of this abnormalihe

lliac crest biopsies from patients with bone loss : S .
- ; ~outcome of the current investigation was a simfalst
caused by estrogen deficiency show reductions in

nd trustable protocol to induce osteoporosis bbita

trabecular bone volume, trabecular number an . - .

. ; . . model. Performance of bilateral ovariectomy follogi
connectivity and these are associated with an &sere

) o .
fracture risk (Laneet al., 2006). These alterations in 1 mg kg™ day" IM injection of met_hylprednlsolpne
bone remodeling include an increase in bone reisorpt seems to be an casy, fas_t and efficient technique t
and suppression of bone formation such that rectsti induce osteoporosis in rabbits.

in trabecular bone mass and architecture occur,
including reductions in trabecular thickness and
trabecular number (Laret al., 2006; Dempster, 1989).
Also changes in mechanical integrity surrounding  Different supports of faculty of veterinary
osteocytes along with increased lacunar size argnedicine, university Putra Malaysia are greatly
observed in osteoporosis (Laeeal., 2006). Lanet al.  acknowledged by the authors.
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