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Purpose of histomorphometry

Histomorphometry is always
related to mechanistic
guestions or safety issues

e Bone structure

e Bone formation

e Boneresorption

e Bone mineralization

« Bone modeling and remodeling




Important issues

Strain-, gender-, age-related and site specific
differences in bone structure and bone mass

Differences in osteoclast morphology

Differences in osteoblast morphology and
assessment of bone formation

Differences in cancellous and cortical bone
remodeling

Differences in the physiologic response to
bone-active drugs



Gender-related differences in mice

A Female Female

& Male Male

— Estrogen is a bone
anabolic hormone In
mice, unlike other
mammalian species.

Schmidt et al. Am J Pathol 155:557, 1999



Age-related changes in mice
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Age-related changes in rats
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Vertebrae in mice and rats
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Example: Efficacy of denosumab in GIO model

Murine RANKL genomic structure
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(Kostenuik et al., JIBMR 24:182, 2009)



OPG/RANKL system

RANK: Receptor activator of NFkB
OPG: Osteoprotegerin
RANKL: RANK ligand
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Example: Efficacy of denosumab in GIO model
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Example: Efficacy of denosumab in GIO model

Bone formation rate distal femur
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Differences in osteoclast morphology




Differences in osteoclast morphology

Reliable detection of osteoclasts in mice should be based on TRAP-
stained sections!

Therefore, it is necessary to use a methylmethacrylate mixture
suitable for histochemistry (e.g., Erben, J Histochem Cytochem
45:307,1997), or to decalcify bone specimens.



Differences in osteoblast morphology

Marker interval (cancellous
bone formation!)

1 day in 3 — 4-wk-old mice

2 days in 8 — 12-wk-old mice

2 - 3 days in aged mice >5 mo

4 -5 days in rats



Do mice and rats have bone remodeling?
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Do rats and mice have bone remodeling?




Age dependent changes in modeling and remodeling

Proximal tibial cancellous bone
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Erben Anat Rec 246:39, 1996



Age dependent changes in modeling and remodeling

Lumbar vertebral cancellous bone
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Age dependent changes in modeling and remodeling

Longitudinal bone growth in the proximal
tibia and L1 of female Fischer rats
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Labeling escape error

MI1 MI2

YN — To minimize the

— labeling escape error,

_ the marker interval

should be less than

about 1/5 of the
- formation period.

— More information: Erben
RG (2003) Bone Labeling
Techniques. In: Handbook of
Histology Methods for Bone
~ 7 and Cartilage. An YH, Martin
KL (eds) Humana Press Inc.,

MI3

Time Totowa, NJ, USA, pp 99 - 117



Bone remodeling In rats and mice
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Bone remodeling In rats and mice
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Differences in physiological response to drugs

Total BMD L4 Gender-related skeletal effect
of cyclosporin A

Erben et al. Endocrinology 144:40, 2003
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— Female rats have a 7-fold
higher hepatic CsA excretion rate
relative to males in steady state.



Betacellulin transgenic mice
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Schneider et al. IBMR 24:455, 2009



Take home messages

Always take out vertebrae in aged mice and
severely osteopenic rats.

For the quantification of osteoclasts in mice
always use TRAP staining.

For the assessment of bone formation fluoro-
chrome labeling with an appropriate marker
Interval is essential.

Rats and mice lack true Haversian cortical
bone remodeling, but not cancellous bone
remodeling activity.

Consider species specific effects of certain
drugs in rats and mice (e.g., CsA in rats,
estrogen and PTH in mice).
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