ejbps, 2022, Volume 9, Issue 4, 81-85.

Review Article

SJIF Impact Factor 6.044

EUROPEAN JOURNAL OF BIOMEDICAL
http://www.ejbps.com

ISSN 2349-8870
Volume: 9
Issue: 4
81-85
Year: 2022

EXPERIMENTAL OSTEOPOROSIS: DIFFERENT METHODS AND SPECIAL

EMPHASIS ON GLUCOCORTICOID-INDUCED OSTEOPOROSIS

Dalia A. Elbahy**, Mahmoud H. Abd El Reheem?, Sanaa A. Ahmed*

!Department of Pharmacology, Faculty of Medicine, Sohag University, Sohag, Egypt.
’Department of Pharmacology, Faculty of Medicine, Assiut University, Assiut, Egypt.

*Corresponding Author: Dalia A. Elbahy

Department of Pharmacology, Faculty of Medicine, Sohag University, Sohag, Egypt.

Article Received on 13/01/2022

Article Revised on 03/03/2022

Article Accepted on 24/03/2022

ABSTRACT

Osteoporosis (OP) is the most common systemic skeletal disease characterized by progressive bone loss and
increase fragility fractures, it affects commonly the old population and females more than males. It's a worldwide
challenge as OP affects more than 200 million people, in addition, it impacts a great economic burden in the aging
population due to increased dependence and mortality. Glucocorticoid-induced osteoporosis (GIOP) is the most
common secondary OP, that was observed with their prolonged use in the treatment of autoimmune disease,
neoplasms, and organ transplantation. Designing a proper experimental model of OP is necessary to understand
the pathological mechanisms and to evaluate the efficacy of new drugs. There are different methods for induction
of experimental OP including: pharmacological, surgical, immobilization, diet, and transgenic. Also, combinations
of these methods have the advantage of reducing the time needed for induction of OP and ensuring an apparent OP

model.

INTRODUCTION

Osteoporosis (OP) is a systemic skeletal disease
evidenced by decreased bone density and
microarchitectural degradation of bone tissue, resulting
in increased bone fragility.™ It is also described as a
bone mineral density (BMD) that is more than 2.5
standard deviations (SD) units below the mean BMD
value for a young adult, according to the World Health
Organization (WHO).”! O.P. is a major health issue that
has an impact on people's quality of life because it is
linked to morbidity and death, as well as a financial
burden.®!

Primary OP includes postmenopausal OP, which is
caused by an estrogen deficit, and senile OP, which is
caused by bone mass loss owing to the aging of cortical
and trabecular bones."! Secondary OP occurs as a result
of the existence of particular diseases, lifestyle factors,
and medication use that cause bone loss.

An OP model is necessary to analyze new medicine
efficacy, duration of the pathogenic process, and
pathways.["t") Because there are various limitations to
creating an OP model in humans, a reliable OP induction
approach in animals is required. Tobacco use and dietary
habits make it difficult for scientists to research in a
homogeneous community. A better understanding of OP
and expressing the unknown elements of the disease can
be achieved by producing osteoporotic animal models.!
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However, OP may be easily based on a variety of
species, but choosing the right model is crucial.”! The
following criteria should be used to pick animals for
every study: they must meet national and local ethical
standards, be conveniently accessible to experimental
centers, be safe to handle, cost-effective, and reproduce
reliably. The majority of these criteria are met by
laboratory mice and rats.'@ Furthermore, rodents
develop rapidly, have a short lifespan, and have good
skeletal qualities. Furthermore, rodents share many
characteristics with humans, including their genomes.™!
However, the majority of experimental techniques use
laboratory mice and rats, which are capable of
mimicking OP models of diverse etiologies such as
immobilization, nutritional manipulations, hormone
deprivation, and drug-induced OP.!"}

Method of induction of osteoporosis

1. Drug-induced osteoporosis

The drugs used to induce OP include corticosteroids,
gonadotropin-releasing hormone agonists, aromatase
inhibitors, and retinoic acid. Drug administration and
bone loss are closely linked with prednisone or
dexamethasone-induced  osteoporosis  (GIOP).l A
gonadotropin-releasing  hormone (GnRH) agonist,
buserelin, promotes estrogen insufficiency, which causes
bone loss similar to bilateral ovariectomy.™! Aromatase
inhibitors (Vorozole) cause net trabecular bone loss in
the appendicular and axial skeletons of aged male rats.*
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Because of its short modeling time, retinoic acid, a
vitamin A derivative, is a regularly utilized modeling
approach for acute OP in rats. Oral treatment of 70-105
mg/kg retinoic acid for two weeks can successfully
produce an OP model.*® Retinoic acid can activate
osteoclasts and increase bone resorption, but it does not
affect bone production or the mineralization process of
the bone matrix, and it does not impede the activity of
osteoblasts. As a result, bone remodeling is out of
equilibrium, with bone resorption exceeding bone
production, eventually leading to OP in animals.™*®! This
model has the benefits of being simple to use, having a
high success rate, and having typical symptoms. This
model is extensively utilized in the research and
development of new medications because it has the
advantages of ease of use, a high success rate, and
typical symptoms.**!

Glucocorticoid induced osteoporosis (GIOP)

GIOP is the most prevalent iatrogenic cause of secondary
OP and the most common cause of the secondary OP.
The most prevalent significant GIOP-related adverse
event is fragility fractures. When bone mineral density
(BMD) is quickly decreasing following exposure to
glucocorticoids (GCs), asymptomatic fractures might
occur.!™ Vertebral fractures are more common in those
with GIOP, but hip fractures are also more common.
Trabecular bone is more affected by bone loss than
cortical bone.[*!

Pathophysiology of GCs induced osteoporosis

GIOP's pathophysiology is characterized by poor or
decreased bone production over time, as well as an
increase in bone resorption in the early stages (the first
year after starting treatment). Osteoblastogenesis is
inhibited by GCs, which cause death in osteoblasts and
osteocytes while extending the lifespan of osteoclasts.™
The role of autophagy and its control by GCs in bone
cells, particularly osteoblasts, has gotten a lot of attention
in recent years.*

Osteoblasts

Peroxisome proliferator-activated receptor 2 (PPAR2),
Kruppel-like factor 15 (KLF15), CCAAT/enhancer-
binding protein- (C/EBP), adipocyte protein 2 (aP2), and
canonical WNT signaling are all affected directly by
GCs.?1 22 GCs upregulate PPAR2, KLF15, C/EBP, and
aP2, causing pluripotent precursor cells to preferentially
differentiate into adipocytes rather than osteoblasts,
reducing the number of osteoblasts. In the WNT—
catenin signaling pathway, GCs repress WNT16
expression while increasing sclerostin and other pathway
inhibitors in a time- and dose-dependent manner,

resulting in impaired osteoblastogenesis and bone
|OSS [23] [24]

Interstitial collagenase (the enzyme that destroys type |
collagen) synthesis in osteoblasts is also increased by
GCs  via  post-transcriptional  mechanisms.®
Furthermore, GCs impact osteoblast autophagy™® in a
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dose-dependent manner; hence, they appear to promote
autophagy and sustain osteoblast viability and function at
low or physiological concentrations. High doses, on the
other hand, inhibit the process, resulting in a decrease of
osteoblast-associated gene expression and an increase in
apoptosis.®

Complex effects on signaling pathways mediated by the
Notch receptor have also been found in osteoblasts and
osteocytes. Notch expression is increased by GCs, which
leads to increased expression of Notch target genes that
encode repressive transcription factors such HES and
HEY, which may contribute to altered osteoblast
function and decreased bone formation.”’? GCs, on the
other hand, diminish HEY expression by inhibiting
transcription, a mechanism that may preserve or increase
bone mass at normal glucocorticoid concentrations.!

Osteoclasts

The effects of GCs on osteoblasts cause a rise in the
RANKL to osteoprotegerin ratio, which leads to
increased bone resorption by boosting osteoclast
development and maturation. This mechanism, as well as
additional impacts on IL-61"! and interferon expression,
could explain the transitory increase in bone resorption
observed in individuals starting glucocorticoid
medication. The long-term effects of GCs on osteoclast
function, on the other hand, are less obvious; some
studies suggest that GCs can alter the osteoclast
cytoskeleton, resulting in decreased osteoclast activity
despite increasing their lifespan.k*”!

Osteocytes

The role of osteocytes in regulating bone remodeling and
integrating mechanical and hormonal cues to modulate
the activity of osteoblasts and osteoclasts is now well
established.®™ Aside from inducing osteocyte death, GCs
have been shown to have several additional effects. GCs,
for example, appear to alter the elastic modulus of bone
tissue near osteocyte lacunae.’* Fluid flow disruption in
the osteocyte—canalicular network may also contribute to
changes in the surrounding bone's material properties.
Furthermore, GCs cause osteocytes to produce sclerostin
and Dickkopf-related protein 1 (DKK1)™®, which impair
osteoblast function by inhibiting WNT signaling.
Furthermore, osteocyte apoptosis is linked to skeletal
vascularity, angiogenesis, hydration, and strength®¥, all
of which could be contributory factors to fracture risk.

These glucocorticoid actions on bone cells are suggested
to explain the GIOP's early and long-term stages.
Increased bone resorption and fast bone loss resulting
from the first stimulation of RANKL production by
existing osteoblasts and osteocytes. Meanwhile, lower
osteoblastogenesis and increased death of osteoblasts and
osteocytes diminish bone production, which leads to a
reduction in osteoclastogenesis signals in the long run.

Furthermore, through decreasing transmembrane
transport and intestinal absorption of calcium, GCs
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reduced blood calcium levels and increased calcium
excretion. Negative calcium balance can increase blood
phosphorus levels by increasing phosphorus release from
the bone matrix into the blood, as well as calcium release
from the bone matrix into the blood.”*! These
glucocorticoid-induced alterations can accelerate bone
resorption, causing alkaline phosphatase activity to rise
in response, promoting bone growth. %!

Several GCs have been tested in animal models of GIOP,
according to a study done by Xavier et al.2022. Although
dexamethasone is the most commonly used
corticosteroid in rats and prednisolone is the most
commonly used corticosteroid in mice, it is difficult to
accept them as reference GCs in OP animal models.F”
Dexamethasone was given to rats at the lowest dose of
0.1 mg/kg daily for 60 days and the highest dose of 25
mg/kg twice per week for six weeks.*"* The lowest
dose of prednisone was 1.5 mg/kg per day for 90 days,
and the highest dose was 6 mg/kg per day for 90
weeks. %

Ren and his colleagues (2015) reported that
dexamethasone is the most potent inductor of OP, among
other corticosteroids, in animal models; moreover, it is
characterized by its long-term action thus avoiding the
need for daily injections.*"! This was agreed by Wood
and his coauthors (2018) who stated that this dosage and
interval of dexamethasone administration  was
documented to induce generalized OP.[*Y

2. Surgical induced osteoporosis

The surgical intervention favoured by most studies for
obtaining OP in female and male rats is bilateral
ovariectomy versus orchiectomy. The most commonly
used approach as a model for postmenopausal
osteoporosis is ovariectomy in rats, which imitate the
clinical criteria of an osteoporotic human skeleton and
the response to therapeutic drugs. Orchiectomy promotes

androgen deficiency, resulting in an osteoporotic
model.**!
Hypophysectomy,  pinealectomy, or  below-knee

amputation are one of surgical options for obtaining OP
in rats.*4

3. Immobilization-induced osteoporosis
Immobilization for inducing OP is considered as non-
invasive methods such as tail suspension, confinement,
elastic bandaging!*!, or botulinum toxin administration..
When immobilisation is combined with ovariectomy,
extensive bone loss is achieved in a smaller duration of
time than when either procedure is used alone.!!

Tail suspension is the most popular immobilisation type
because it induces hypertension and adrenal
hypertrophy.®®!  The osteoporotic consequences —of
botulinum toxin type A-induced immobility are similar
to those of ovariectomy.””) The increase in osteoclast
activity and osteoclastogenesis that occurs after
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botulinum  toxin-induced immobility has been
documented, and these two factors are thought to play
critical role in the fast bone loss seen in this form of
immobilization. 8

Immobilization-induced bone loss is characterised by
decreased bone mineral density, impaired trabecular
microarchitecture, and a higher risk of complicated
fractures as a result.

3. Dietary changes for inducing osteoporaosis

Dietary changes are non-invasive methods less
commonly used to induce OP in experimental animals:
diet deficient in Ca2+/vitamin D2/D3 combined with
ovariectomy for achieving OP more rapidly.®? Also,
prolonged Mg2+ deficiency; a high-fat diet; excessive
alcohol may induce OP.[*!

4. Transgenic models for inducing osteoporosis
Identifying the pathophysiology of OP and exploring
new therapeutic targets for OP therapy are both aided by
transgenic models of the disease. TghuRANKL mice
expressing receptor activator of NFkappaB ligand
RANKL, a gene that plays a major role in osteoclast-
induced bone resorption, are wused in these
experiments.®™ Transgenic mice that generate premature
accelerated ageing in mice (a suitable model for
involutional OP and its therapy) or abnormally express
cytokines (IL-4 and IL-13, which are involved in the
regulation of bone remodelling).*?

CONCLUSION

GCs are widely and successfully used as an
immunosuppressive  medication in a variety of
inflammatory illnesses. Bone loss has been associated to
long-term or high-dose glucocorticoid use, leading in
GIOP and increased fracture risk. While the processes
are complicated, they include an increase in osteoclast
function early in glucocorticoid usage, followed by a
decrease in bone formation due to osteoblast and
osteocyte apoptosis. In addition to other techniques,
glucocorticoids are regarded a very essential method of
inducing OP in experimental animals. Furthermore,
GIOP in rats is similar to human bone remodelling,
which contributes to the high repeatability of rat models
employed in the development of new medications for the
treatment of OP.

REFERENCES

1. Thakur RS, Toppo, FA, & Pawar RS. (Preclinical
studies of various extracts of polyalthia longifolia
for the management of dexamethasone induced
osteoporaosis in rats). Int J Pharm Pharm Sci, 2013;
5: 267-270.

2. World Health Organization. Assessment of
osteoporosis at the primary health care level.
Summary report of a WHO scientific Group, 2007.
WHO, Geneva

ISO 9001:2015 Certified Journal | 83



Elbahy et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

www.ejbps.com |

Tsartsalis AN, Dokos C, Kaiafa GD, et al. (Statins,
bone formation and osteoporosis: hope or
hype?). Hormones (Athens), 2012; 11(2): 126-139.
Cosman F, de Beur SJ, LeBoff MS, et al
(Clinician's Guide to Prevention and Treatment of
Osteoporosis). Osteoporos Int, 2014; 25(10): 2359-
2381.

Pietschmann p, Resch H, and Peterlik M. (Etiology
and Pathogenesis of Osteoporosis). Orthopaedic
Issues in Osteoporosis, 2002; 5: 3-18.

Komrakova M, Stuermer E K., Tezval M, Stuermer
K M., Dullin C, Schmelz U, Doell C, Durkaya-
Burchhardt N, Fuerst B, Genotte T, & Sehmisch S.
(Evaluation of twelve vibration regimes applied to
improve spine properties in ovariectomized rats).
Bone Reports, 2017; 7: 172-180.

Dedukh NV, & Nikolchenko OA. (Experimental
Modeling of Osteoporosis in Animals). PAIN,
JOINTS, SPINE, 2021; 11(3): 97-109.

Turner AS . (Animal models of osteoporosis--
necessity and limitations). European cells &
materials, 2001; 1: 66-81.

Costa LA, Lopes BF, Lanis AB, De Oliveira DC,
Giannotti JG, Costa FS.(Bone demineralization in
the lumbar spine of dogs submitted to prednisone
therapy). J Vet Pharmacol Ther, 2010; 33(6): 583-
586.

Lelovas PP, Xanthos TT, Thoma SE, Lyritis GP,
Dontas IA. (The laboratory rat as an animal model
for osteoporosis research). Comp Med, 2008; 58(5):
424-430.

Komori T. (Animal models for osteoporosis). Eur J
Pharmacol, 2015; 759: 287-294.

Sato AY, Tu X, McAndrews KA, Plotkin LI, Bellido
T. (Prevention of glucocorticoid induced-apoptosis
of osteoblasts and osteocytes by protecting against
endoplasmic reticulum (ER) stress in vitro and in
vivo in female mice). Bone, 2015; 73: 60-68.
Goulding A, Gold E. (Buserelin-mediated
osteoporosis: effects of restoring estrogen on bone
resorption and whole body calcium content in the
rat). Calcif Tissue Int, 1990; 46(1): 14-19.
Vanderschueren D, Boonen S, Ederveen AG, et al.
(Skeletal effects of estrogen deficiency as induced
by an aromatase inhibitor in an aged male rat
model). Bone, 2000; 27(5): 611-617.

Orsoli¢ N, Goluza E, Diki¢ D, et al. (Role of
flavonoids on oxidative stress and mineral contents
in the retinoic acid-induced bone loss model of
rat). Eur J Nutr, 2014; 53(5): 1217-1227.

Allen SP, Maden M, Price JS. (A role for retinoic
acid in regulating the regeneration of deer
antlers). Dev Biol, 2002; 251(2): 409-423.

Canalis E, Mazziotti G, Giustina A, Bilezikian JP.
(Glucocorticoid-induced osteoporosis:
pathophysiology and therapy). Osteoporos Int, 2007;
18(10): 1319-1328.

Lespessailles E, Chapurlat R. (High fracture risk
patients with glucocorticoid-induced osteoporosis

Vol 9, Issue 4, 2022. |

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

European Journal of Biomedical and Pharmaceutical Sciences

should get an anabolic treatment first). Osteoporos
Int, 2020; 31(10): 1829-1834.

den Uyl D, Bultink IE, Lems WF. (Advances in
glucocorticoid-induced osteoporaosis). Curr
Rheumatol Rep., 2011; 13(3): 233-240.

Wang L, Heckmann BL, Yang X, Long H.
(Osteoblast autophagy in glucocorticoid-induced
osteoporosis). J Cell Physiol, 2019; 234(4): 3207-
3215.

Ohnaka K, Tanabe M, Kawate H, Nawata H,
Takayanagi R. (Glucocorticoid suppresses the
canonical Wnt signal in cultured human
osteoblasts). Biochem Biophys Res Commun, 2005;
329(1): 177-181.

Yang YJ, Zhu Z, Wang DT, et al. (Tanshinol
alleviates impaired bone formation by inhibiting
adipogenesis via KLF15/PPARy2 signaling in GIO
rats). Acta Pharmacol Sin, 2018; 39(4): 633-641.
Komori T. (Glucocorticoid Signaling and Bone
Biology). Horm Metab Res., 2016; 48(11): 755-763.
Ohlsson C, Nilsson KH, Henning P, et al. (WNT16
overexpression partly protects against
glucocorticoid-induced bone loss). Am J Physiol
Endocrinol Metab, 2018; 314(6): 597-604.

Delany AM, Jeffrey JJ, Rydziel S, Canalis E.
(Cortisol increases interstitial collagenase expression
in osteoblasts by post-transcriptional mechanisms). J
Biol Chem., 1995; 270(44): 26607-26612.

Han Y, Zhang L, Xing Y, et al. (Autophagy relieves
the function inhibition and apoptosis-promoting
effects on osteoblast induced by glucocorticoid). Int
J Mol Med., 2018; 41(2): 800-808.

Zanotti S, Canalis E. (Notch Signaling and the
Skeleton). Endocr Rev., 2016; 37(3): 223-253.
Zanotti S, Yu J, Adhikari S, Canalis E.
(Glucocorticoids  inhibit  notch  target gene
expression in osteoblasts). J Cell Biochem, 2018;
119(7): 6016-6023.

Dovio A, Perazzolo L, Saba L, et al. (High-dose
glucocorticoids increase serum levels of soluble IL-6
receptor alpha and its ratio to soluble gp130: an
additional mechanism for early increased bone
resorption). Eur J Endocrinol, 2006; 154(5): 745-
751.

Teitelobaum  SL.  (Glucocorticoids and
osteoclast). Clin Exp Rheumatol, 2015; 33: 37-39.
Dallas SL, Prideaux M, Bonewald LF. (The
osteocyte: an endocrine cell ... and more). Endocr
Rev., 2013; 34(5): 658-690.

Lane NE, Yao W, Balooch M, et al
(Glucocorticoid-treated mice have localized changes
in trabecular bone material properties and osteocyte
lacunar size that are not observed in placebo-treated
or estrogen-deficient mice). J Bone Miner Res,
2006; 21(3): 466-476.

Wang FS, Ko JY, Yeh DW, Ke HC, Wu HL.
(Modulation of Dickkopf-1 attenuates glucocorticoid
induction of osteoblast apoptosis, adipocytic
differentiation, and bone mass loss). Endocrinology,
2008; 149(4): 1793-1801.

the

1SO 9001:2015 Certified Journal | 84



Elbahy et al.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

www.ejbps.com |

Weinstein RS, Wan C, Liu Q, et al. (Endogenous
glucocorticoids decrease skeletal angiogenesis,
vascularity, hydration, and strength in aged
mice). Aging Cell, 2010; 9(2): 147-161.

Seibel MJ, Cooper MS, Zhou H. (Glucocorticoid-
induced osteoporosis: mechanisms, management,
and  future  perspectives). Lancet  Diabetes
Endocrinol, 2013; 1(1): 59-70.

Ko JY, Chuang PC, Chen MW, et al. (MicroRNA-
29a ameliorates glucocorticoid-induced suppression
of osteoblast differentiation by regulating p-catenin
acetylation). Bone, 2013; 57(2): 468-475.

Xavier A, Toumi H, Lespessailles E. (Animal Model
for Glucocorticoid Induced Osteoporosis: A
Systematic Review from 2011 to 2021). Int J Mol
Sci, 2021; 23(1): 377-397.

Chen Z, Xue J, Shen T, Ba G, Yu D, Fu Q.
(Curcumin alleviates glucocorticoid-induced
osteoporosis by protecting osteoblasts from
apoptosis in vivo and in vitro). Clin Exp Pharmacol
Physiol, 2016; 43(2): 268-276.

Han N, Xu J, Xu F, Liu Z, Yin J. (The in vivo
effects of a fraction from Dioscorea spongiosa on
glucocorticoid-induced osteoporosis). J
Ethnopharmacol, 2016; 185: 53-59.

Lin S, Huang J, Zheng L, et al. (Glucocorticoid-
induced osteoporosis in growing rats). Calcif Tissue
Int, 2014; 95(4): 362-373.

Ren H, Liang D, Jiang X, et al. (Variance of spinal
osteoporosis induced by dexamethasone and
methylprednisolone and its associated
mechanism). Steroids, 2015; 102: 65-75.

Wood CL, Soucek O, Wong SC, et al. (Animal
models to explore the effects of glucocorticoids on
skeletal growth and structure). J Endocrinol, 2018;
236(1): 69-91.

Blouin S, Gallois Y, Moreau MF, Baslé MF,
Chappard D. (Disuse and orchidectomy have
additional effects on bone loss in the aged male
rat). Osteoporos Int, 2007; 18(1): 85-92.

Petrescu D C, Ghiciuc CM., Lupusoru CE, Gales C,
& Nechifor M. (Animal models of osteoporosis:
critical ~ considerations). The  Medical-Surgical
Journal, 2015; 119(3): 757-761.

Akamine T, Jee WS, Ke HZ, Li XJ, Lin BY.
(Prostaglandin E2 prevents bone loss and adds extra
bone to immobilized distal femoral metaphysis in
female rats). Bone, 1992; 13(1): 11-22.

Tou JC, Foley A, Yuan YV, Arnaud S, Wade CE,
Brown M. (The effect of ovariectomy combined
with hindlimb unloading and reloading on the long
bones of mature Sprague-Dawley rats). Menopause,
2008; 15(3): 494-502.

Atmaca H, Aydin A, Musaoglu R. (Experimental
model of osteoporosis: comparison between
ovariectomy and botulinum toxin a). Acta Ortop
Bras, 2013; 21(6): 340-343.

Aliprantis AO, Stolina M, Kostenuik PJ, et al.
(Transient muscle paralysis degrades bone via rapid

Vol 9, Issue 4, 2022. |

49.

50.

51

52.

European Journal of Biomedical and Pharmaceutical Sciences

osteoclastogenesis). FASEB J, 2012; 26(3): 1110-
1118.

Brent MB, Briiel A, Thomsen JS. (PTH (1-34) and
growth hormone in prevention of disuse osteopenia
and sarcopenia in rats). Bone, 2018; 110: 244-253.
Schlewitz G, Govindarajan P, Schliefke N, Alt V,
Bocker W, Elkhassawna T, Thormann U, Lips KS,
Hemdan NY, Zahner D, Schnettler R, & Heiss C.
(Ovarektomie und Kalzium-/Vitamin D2/D3-arme
Diat als Osteoporosemodell an der Wirbelsaule von
Sprague-Dawley-Ratten [Ovariectomy and
calcium/vitamin D2/D3 deficient diet as a model of
osteoporosis in the spine of Sprague-Dawley
rats]). Zeitschrift fur Orthopadie und
Unfallchirurgie, 2013; 151(1): 14-19.

Rinotas V, Niti A, Dacquin R, et al. (Novel genetic
models of osteoporosis by overexpression of human
RANKL in transgenic mice). J Bone Miner Res,
2014; 29(5): 1158-1169.

Tyner SD, Venkatachalam S, Choi J, et al. (p53
mutant mice that display early ageing-associated
phenotypes). Nature, 2002; 415(6867): 45-53.

ISO 9001:2015 Certified Journal | 85



