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Glucocorticoids are effective drugs used for the treatment of inflammatory diseases such as rheumatoid arthritis or

asthma. Furthermore, they regulate various physiological processes, including bone remodeling. However, long-term

high- and even low-dose glucocorticoid use is associated with a compromised bone quality and an increased fracture

risk. At the cellular level, glucocorticoids suppress bone formation and stimulate bone resorption, which leads to loss

of bone mass. To investigate the underlying mechanisms and new therapeutic strategies, the in vivo model for

glucocorticoid-induced bone loss is widely used. This protocol outlines the common procedure that is currently used for

the induction of bone loss in mice using glucocorticoids. It further provides useful hints and highlights possible pitfalls to

take into account before starting an experiment.
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Introduction

Bone loss induced by long-term glucocorticoid intake is a
frequent complication of steroid treatment and the underlying
mechanisms have not been fully elucidated yet. A common
model for simulating chronic glucocorticoid use is treating mice
with slow-release pellets containing prednisolone. The for-
mulation of the slow-release pellets in the current protocol
allows a constant release of prednisolone over a 4-week period,
and thus mimics the chronic exposure of patients to
glucocorticoids.

Briefly, the procedure works as follows: take 24-week-old
female mice and implant 60-day slow-release pellets (see
Figure 1) containing placebo or prednisolone subcutaneously.
Check on mice weekly to make sure the wound is healing
properly. After a total of 4 weeks, kill the mice to examine the
effects on the skeleton.1–3

Materials and Methods

Materials

C57BL/6 mice (24 weeks) JANVIER SAS, Le Genest Saint Isle,
France

Calcein Sigma-Aldrich, München, Germany
Cutasept F
(skin antiseptic)

Paul Hartmann AG, Heidenheim,
Germany

FVB/N mice (24 weeks) JANVIER SAS

Ketamine 10%
(100 mg ml� 1)

Bela-pharm, Vechta, Germany

Needles (27G) B. Braun, Melsungen, Germany
Scissors FST Medizintechnik, Bad

Oyenhausen, Germany
Shaver Braun GmbH, Marktheidenfeld,

Germany
Slow-release pellets Innovative Research of America,

Sarasota, FL, USA
Suture clips (Michel
clamp) with appropriate
tool for placing

AGESA Herwarth-Rath
Medizintechnik, Dresden, Germany

Syringe Omnifix-F
(1, 10 ml)

B. Braun

Tweezer FST Medizintechnik
Xylazine (20 mg ml� 1) Pharma Partner, Hamburg,

Germany

Methods
Considerations before starting the experiment.

Gender: Bone loss by glucocorticoids can be induced in both
genders. An advantage of using male mice is to avoid
possible influences of the female endocrine system.
However, because of the ranking order, male mice
commonly have to be separated into smallergroups or
even be isolated (Table 1).
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Age: Take into account that the age is an important factor.
Younger mice (12 weeks) do not lose bone mineral
density after glucocorticoid exposure; therefore, mice
with complete skeletal maturity (around 20 weeks)
should be used (Table 1).

Strain: Not all mouse strains are susceptible to glucocorti-
coid-induced bone loss. A very susceptible strain for
this model is the FVB/N mouse, but also Swiss
Webster or C57BL/6 mice lose bone after long-term
glucocorticoid exposure (Table 1).

Dose: Depending on the strain used, the glucocorticoid dose
may need to be adjusted. C57BL/6 mice, for example,
require a higher dose of glucocorticoids as compared
with FVB/N mice. A total prednisolone dose of 3.5 mg
for FVB/N and 7.5 mg for C57BL/6 mice corresponds
to B4 mg per kg body weight per day and 9 mg per kg
body weight per day, respectively, assuming a body
weight of around 30 g. As prednisolone is well tol-
erable, higher doses can also be used to induce bone
loss within a shorter period of time (for example, 15 mg
pellets over 2 weeks; see Table 1).

Procedure (for the C57BL/6 mouse strain)

1. Order an appropriate number of 60-day slow-release
pellets containing 7.5 mg prednisolone (or equivalent) for
C57BL/6 mice. Order the same amount of placebo pellets
as a control.

2. Wait until the mice are at least 24 weeks old to ensure the
development of detectable signs of bone loss.

3. Anesthetize mice by intraperitoneal injection of a combina-
tion of ketamine (100 mg per kg body weight) and xylazine
(20 mg per kg body weight). Note that other methods of
anesthesia can also be applied (for example, isofluran).

4. Once the mice are sleeping, shave a small area above the
scapula (20� 20 mm; see Figure 1) and disinfect the area
using Cutasept F.

5. Tweeze the skin and make a small cut (5 mm) using scissors
(or a scalpel). Widen the cut by straddling the handles
carefully to create a pocket (see Figure 1).

6. Place the pellet in the pocket under the skin by using the
tweezers. Make sure the pellet is placed well inside the
pocket and does not slip out to the surface again.

7. Clamp the wound with suture clips (see Figure 1).
8. Place the mouse back in the cage and check the next day

whether the mouse is behaving normally and the wound is
still closed.

9. Check the wound healing (inflammation possible) twice
weekly and observe how the mice handle their wound clips,
especially when they are together in groups. Carefully
observe mouse behavior, which may change after gluco-
corticoid treatment.

10. Kill mice after 4 weeks for further analysis. Check whether
the pellets are completely dissolved. Regardless of further
analysis, it is advisable to check bone mineral density to
confirm the success of the procedure.

NOTE: The bone loss induced by glucocorticoids in C57BL/6
mice is rather subtle (8–20%, depending on the skeletal site).
Thus, make sure your sample size is adequate (usually 7–8 mice
per group) to detect significant differences in bone mineral
density. Moreover, assessing the suppression of bone for-
mation is usually a good surrogate for determining the success
of glucocorticoid treatment, which can be investigated using

Figure 1 Procedure for the induction of glucocorticoid-induced bone loss in
FVB/N mice.

Table 1 Overview of different models for glucocorticoid-induced bone loss given

in the reported dose

Strain Gender Age
(weeks)

Pellet
dose
(mg)a

Doseb

(mg per
kg BW
per d)

Duration
(weeks)

Source

FVB/N Female 24 3.5 4 3

Intercross:
Black Swiss
and 129SvJ

Male 32 5 2.1 4 1,4

Swiss Webster Male 24 5 0–8 5

Swiss Webster Male 28 2.1 8 2

Swiss Webster Male 24 1.4 3 6

FVB/N, 129SvJ Female 10 15 12.5 2 7

C57BL/6 Male 20 7.5 4 8

Abbreviations: BW, body weight; d, day.
aUsing 60-day slow-release pellets bFor scaling the dose per mouse to the
equivalent dose in humans, the dose per kg BW should be calculated with the
weight in relation to the metabolic rate (for mice, weight in kg to the 3

4 power9).
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serum markers of bone formation or dynamic bone
histomorphometry.

Discussion

This protocol provides information on the common experi-
mental procedure currently used to induce bone loss in mice
using glucocorticoids. Given the critical role of glucocorticoids
in the treatment of inflammatory diseases, there is a demanding
need to provide valuable insights into the development and
progression of glucocorticoid-induced bone loss. Furthermore,
this method allows for the evaluation of new treatment
strategies in preclinical research. Despite these advantages,
the influence of different mouse strains, gender, age and dose
must be considered for planning such in vivo studies. As
mentioned in this protocol, carefully designed experimental
protocols can minimize these pitfalls and help achieve the
desired outcomes of the study.

Recommended further reading

The following sources document methods and standard
protocols for the induction of glucocorticoid-induced bone loss
in more detail as well as further information regarding to
osteoporosis, glucocorticoids, glucocorticoid-induced osteo-
porosis and histomorphometry.

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

Hofbauer LC, Rauner M. Minireview: live and let die:
molecular effects of glucocorticoids on bone cells. Mol
Endocrinol 2009;23:1525-1531.

Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and
the future. Lancet 2011;377:1276-1287.

Rauch A, Seitz S, Baschant U, Schilling AF, Illing A, Stride B,
et al. Glucocorticoids suppress bone formation by attenuating

osteoblast differentiation via the monomeric glucocorticoid
receptor. Cell Metab 2010;11:517-531.

Weinstein RS. Glucocorticoid-induced bone disease. N Engl
J Med 2011;365:62-70.

Yao W, Cheng Z, Pham A, Busse C, Zimmermann EA,
Ritchie RO, Lane NE. Glucocorticoid-induced bone loss in mice
can be reversed by the actions of parathyroid hormone and
risedronate on different pathways for bone formation and
mineralization. Arthritis Rheum 2008;58:3485-3497.
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