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Forskolin Could Protect Against Flutamide-Induced Osteoporosis 

Modulation of Serum Osteocalcin and Sclerostin in Rats 

Nashwa H. Abo-Rayah, Abeer A. Eldeeb, Doaa M. Khalil, Abeer A. AbdElhameed 

 

Abstract: 

Background: Osteoporosis (OP) is a disease characterized by 

decreased bone mass and is widely recognized as a major health 

problem. Flutamide is an androgen receptor blocker used in treatment 

of cancer prostate. Its prolonged use is usually associated with OP 

which is now treated by bisphosphonates. Aim: this work was designed 

to explore the potential benefit of forskolin (a cAMP/protein kinase A 

pathway stimulant) alone and in combination with alendronate on 

flutamide -induced osteoporosis in rats. Subjects and methods: 

Forskolin 6 mg/kg/day orally was taken either singly or in combination 

with Alendronate 0.1mg/kg /day orally in rat model with osteoporosis 

which was induced by flutamide 15 mg/kg/day orally for 4 weeks (in a 

three-months case-controlled study, at clinical pharmacology 

department labs- Benha Faculty of Medicine- Benha University). The 

tested parameters include bone formation marker serum osteocalcin 

(OC), bone resorption markers as urinary hydroxyproline (HPO) and 

serum sclerostin (SOST) as well as bone histopathological and 

histomorphometric studies on femoral bone. Results: Flutamide 

produced full picture of OP manifested as significant rise in urinary 

HPO and serum SOST level with significant decreased in serum OC level as well as distortion of 

microscopic bone architecture with rarefaction of cortex and trabeculae of tested bone. 

Alendronate failed to induce significant improvement in histomorphometric parameters or bone 

formation marker. It only resulted in significant decrease of urinary HPO excretion. Forskolin 

significantly decreased urinary HPO excretion and serum SOST with significant increase in 

serum OC level. It produced marked improvement in both histopathologic and 

histomorphometric parameters. Moreover, Forskolin augmented the effect of alendronate. 

Conclusion: Forskolin is a promising agent in management of OP either singly or in 

combination with alendronate.  
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Introduction 
 

Cancer Prostate is the most commonly 

diagnosed cancer and the second leading 

cause of death in men, with incidence 

approximately 1.6 million /year 
[1]

.The 5-

year survival rate in the United States is 

99% 
[2]

. Its treatment options include 

surgery, radiation, and medical therapy 

either chemotherapy or androgen 

deprivation therapy before radiation to 

reduce tumor size. Androgen deprivation 

therapy aims at lowering androgen levels or 

stopping them from getting into cancer 

prostate cells leading to shrinkage or grow 

more slowly for a time 
[2]

. 

Androgen deprivation therapy include 

androgen synthesis inhibitors e.g. 

abiraterone and androgen receptor blocker 

such as flutamide 
[3]

. Androgen deprivation 

therapy deprives bone from the anabolic 

effect of androgen 
[4]

. In addition, cancer 

prostate and osteoporosis commonly coexist 

in men over 65 years as a result of age-

related decline in androgen levels 

(andropause)
[5]

. Osteoporosis (OP) is a bone 

metabolic disease characterized by low bone 

mineral density with high risk for fractures. 

It occurs when there is an imbalance 

between bone resorption and bone formation 

during the bone remodeling process 
[6]

. 

Osteoporosis is generally viewed to be the 

result of many factors: age-related, 

hormonal, dietary, lifestyle, and genetic 

factors, all of which can lead to reduced 

bone mass 
[7]

. 

Bisphosphonates (BPs) are known drugs that 

inhibits the loss of bone mass 
[8]

. Many BPs 

have been approved and utilized to manage 

osteoporosis, e.g., alendronate, risedronate, 

zoledronate 
[9]

. Moreover, they produce 

some troubles and side effects as marked 

gastrointestinal upset, increased incidence of 

cancer esophagus and atrial fibrillation 
[10]

. 

In addition, over suppression of bone 

turnover may result in increased incidence 

of subtrochanteric shaft fracture of hip bones 
[11]

. 

Forskolin, a plant product produced by 

Coleus plant of mint family, is an adenyl 

cyclase stimulant that control metabolic 

pathways related to vascular reactivity, 

platelet aggregation and cell survival 

through activation of protein kinase A and 

cAMP regulated guanine nucleotide 

exchange factor-1
[12]

.It is also involved in 

expression of pro-osteogenic cytokines like 

interleukin 11, insulin like growth factor 1 

and transforming growth factor- β[13]
.Thus, 

it is plausible tool for increasing bone 

formation which is a target not achieved by 

any other drug used in this respect except 

intermittent recombinant parathyroid 

hormone fragment
 [14]

. 

In this work, the possible beneficial effect of 

forskolin administration was investigated 

either singly or in combination with 

alendronate (bisphosphonate derivative) in a 

rat model of osteoporosis induced by 

flutamide. This is to simulate the actual 

clinical situation in osteoporosis as a side 

effect of androgen deprivation therapy. The 

efficacy of the tested drug was estimated in 

combination with alendronate which is one 

of the essential drugs used in standard 

medical protocol of cancer prostate to 

prevent osteoporotic side effect as a result of 

https://en.wikipedia.org/wiki/5-year_survival_rate
https://en.wikipedia.org/wiki/5-year_survival_rate
https://en.wikipedia.org/wiki/Indian_Coleus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siddappa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18490653
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bone metastasis or androgen deprivation 

therapy.  

Materials and methods   

Animals 

Forty adult male albino rats weighing 

between 190-220 g obtained from 

Experimental Animal Breeding Farm, 

(Helwan-Cairo) were used in this study. All 

rats were kept 7 days for adaptation before 

the experiment and housed in metabolic 

cages at room temp. 25
o
C± 2 and 12 hours 

dark/ light cycle with free access to water 

and balance diet ad libitum. The study was 

carried out following direction of Ethics 

Committee at Benha University approval 

number: 00086. 

Drugs and chemicals 

Forskolin, Flutamide and Alendronate were 

purchased from Sigma-Aldrich Chemical 

Company (St. Louis, Mo., USA). The 

biochemical analysis was performed using 

standard kits. The chemicals used in 

histopathological study were all high 

analytical grade. 

Experimental protocol: 

Rats were randomly allocated into 5 groups, 

each contained 8 rats. Group I (Control): In 

which rats received only saline by oral 

gavage in comparable volumes of tested 

drug dosage. Group II: Flutamide-induced 

osteoporotic group (Flut-OP group) in which 

rats administered Flutamide (15 mg/kg/day 

orally) for four weeks 
[15]

. Rate in group III 

(forskolin-treated flutamide–induced 

osteoporotic group) received forskolin at 

dose of 6 mg/kg per day orally 
[16]

 

simultaneously with flutamide (15 

mg/kg/day orally) for four weeks. Group IV 

(Alendronate-treated flutamide induced 

osteoporotic group) in which rats received 

alendronate at a dose of 0.1 mg/kg/day 

orally 
[17]

 simultaneously with flutamide (15 

mg/kg/day orally) for four weeks. In group 

V (Forskolin + alendronate-treated 

flutamide -induced osteoporotic group of 

rats) rats received forskolin in the same 

manner as group III in combination with 

alendronate as in group IV.   

Samples collection and preparation: 

Twenty-four hours before the end of 

experiment, each rat was kept in special 

metabolic cage with perforated platform to 

collect urine then centrifuged and the 

supernatant kept at      -20
o
C to be analyzed 

for hydroxyproline (HPO) 
[18]

. At the end of 

experiment, all rats were anesthetized with 

intraperitoneal injection of pentobarbital 

sodium in a dose of 9.1mg/kg 
[19]

. Blood 

samples were collected from retroorbital 

plexus, incubated for 1 hour at 37
 o

C then 

centrifuged for 20 minutes at 5000 rpm in 

cold centrifuge. Serum samples were kept at 

-20
o
C till analyzed. Then, all animals were 

killed by cervical dislocation. The femur 

was excised, cleared of fat and connective 

tissue and immediately fixed in 10% 

formaldehyde for 48h then preserved in 10% 

ethylene diamine tetra acetic acid (EDTA) 

for histopathological investigation. Each 

specimen was processed to get 6mm thick 

paraffin sections to be stained with 

hematoxylin and eosin (H&E) stain 
[20]

. 

Urinary hydroxyproline(HPO): Was 

determined in urine according to the 

modified method of Prockop et al. 
[21]

. 

Serum sclerostin (SOST): Was measured 

using a Solid Phase Sandwich ELISA 

(Mouse/Rat SOST kit, R&D Systems 
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Europe, Ltd., Abingdon, UK) according to 

the manufacturer’s protocol. 

Serum osteocalcin (OC): Was evaluated by 

using rat OC (Rost-ELISA) kit from 

biosource-Belgium, according to 

manufacturer’s protocol. 

Trabecular and cortical bone thickness: 

Were investigated after staining with 

hematoxylin and eosin (H&E) stain 
[20]

. 

Trabecular bone thickness was measured 

by drawing multiple perpendicular lines 

through the whole width of each trabecula 

(Fig., 1B). Cortical bone thickness was 

measured by drawing multiple perpendicular 

lines from periosteum to the endosteum 

(Fig., 1C). 
 

 

Statistical analysis 

Results are presented as mean  standard 

deviation (mean  SD). Statistical analysis 

was performed using One-way Analysis of 

Variance (ANOVA) followed by Tukey 

Kramer post-test at P 0.05. 
  

Results 

In this work, flutamide administration for 

four weeks resulted in significant increase in 

urine HPO and serum SOST associated with 

significant reduction in serum OC (Table,1). 

As well as significant decrease in cortical 

and trabecular bone thickness with widening 

of bone marrow spaces (Table 2, fig. 2) 

compared to normal control group. 

Concomitant administration of forskolin 

with flutamide resulted in significant 

improvement of all previously mentioned 

parameters compared to flutamide 

osteoporotic group while alendronate was 

significantly better than forskolin as regard 

to urinary HPO reduction. Combination of 

forskolin and alendronate had more 

powerful improving effect than either drugs 

singly. Histopathological examination 

revealed that flutamide administration 

resulted in disruption of the classical 

structure of compact bone as well as 

cancellous bone (Fig.2) in the form of 

irregular thinned compact bone with 

irregular outer and inner surfaces covered by 

thickened periosteum and endosteum with 

decreased osteocytes. Both forskolin and 

alendronate produced obvious improvement 

of the previously mentioned histological 

picture (Fig. 3 A, B & fig. 4 A, B) but the 

best results were obtained on drug 

combination (Fig. 5 A, B) compared with 

either drug alone.  
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Table 1: Effect of forskolin (6 mg /kg /day orally for 4 weeks) and/ or alendronate (0.1 mg /kg/day oral for 4 weeks) 

administration on urinary HPO (µg/ml), serum OC (ng/ml) and serum SOST (pg/ml) on flutamide (15 mg /kg/day 

oral for 4 weeks)- induced OP in adult male rats. 

 
Groups Urinary HPO 

(µg/ml) 

Serum SOST 

(pg/ml) 

Serum OC 

(ng/ml) 

Group(I): Control 0.011 ± 0.002 205 ± 25.2 4.1523 ± 0.5 

Group II : Flut-OP 0.215 ± 0.015
a 

725 ± 112.5
a 

1.412 ± 0.03
 a
 

Group III: FORS-Flut-

OP 

0.065±0.005
a,b

 315 ± 32.4
a,b 

2.7741 ± 0.605
a,b

 

Group IV: ALEN-Flut-

OP 

0.051 ± 0.018 
a,b,c  

687 ± 59.7
a,c 

1.58 ± 0.53
a,c 

Group V: FORS + 

ALEN -Flut-OP 

0.039 ± 0.001
a,b,c,d 

349. ± 45.6
a,b,d 

3.12 ± 0.98
a,b,d 

Data represented by mean ± SD a: Significant difference compared with control group, b: Significant difference compared with 

Flu-OP group, c: Significant difference compared with FORS-Flu-OP group and d: Significant difference compared with ALEN-

Flut-OP group. The mean difference is significant < 0.05 levels 

 
Table 2: Effect of forskolin (6 mg /kg /day orally for 4 weeks) and or alendronate (0.1 mg /kg/day oral for 4 weeks) 

administration on average (Mean ± SD) trabecular and cortical bone thickness on flutamide (15 mg /kg/day oral for 

4 weeks)  induced OP in femur of adult male rats (n=8). 

 

Groups Trabecular bone thickness 

(µm) 

Cortical bone thickness(µm) 

Group(I): Control 81.87 ± 11.52 295.91 ± 38.55 

Group II : Flut-OP 42.58 ± 8.49
a
 221.37 ± 40.12

a 

Group III: FORS-Flut-OP 157.77 ± 17.61
a,b

 423.57 ± 75.19
a,b

 

Group IV: ALEN-Flut-OP 51.99 ± 10.71
a,c

 238.58 ± 31.59
a,c 

Group V: FORS + ALEN -Flut-

OP 

168.79 ± 24.16 
a,b,d  

453.91±88.8
a,b,d 

Data represented by mean ± SD a: Significant difference compared with control group, b: Significant difference compared with 

Flu-OP group, c: Significant difference compared with FORS-Flu-OP group and d: Significant difference compared with ALEN-

Flut-OP group. p< 0.05  
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Fig. (1): (A) Longitudinal sections of the middle shaft of femur of normal control rat shows an outer fibrous layer, periosteum, an 

inner layer facing the marrow cavity, endosteum, normal cortical width of the shaft, normal osteocytes and Haversian canals. (B) 

The head of the femur of same group showing normal architecture of the trabeculae of the inner cancellous bone and bone 

marrow spaces. (A and B) Hematoxylin and eosin-stained section×200.(C) morphometric measurement ×400. 

 

                            Black arrow : periosteum                                 White arrow : :: osteocyte 

Red arrow : endosteum                                blue arrow : trabecular bone thickness 

                          Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 
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Fig. (2): (A) Longitudinal sections of the middle shaft of group II showing deformation of the general architecture of the tissue, 

thickened periosteum, thickened endosteum, marked decrease in cortical width of the shaft, marked decrease in osteocytes and 

widened Haversian canals. (A) Hematoxylin and eosin-stained section; ×200. (B) morphometric measurement; ×400. 
 

Black arrow : periosteum                                 White arrow : :: osteocyte 

Red arrow : endosteum                                     blue arrow : trabecular bone thickness 

Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 

 

                        

Fig. (2): (C) A photomicrograph of a section of trabecular bone of group II showing marked reduction in trabecular 

thickness and widening of bone marrow spaces. (C) Hematoxylin and eosin-stained section, ×200. (D) 

morphometric measurement, ×400. 

Black arrow : periosteum                                    White arrow : osteocyte 

Red arrow : endosteum                                     blue arrow : trabecular bone thickness 

Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 
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Fig. (3): (A) A longitudinal section of the middle shaft of the femur of group III rats showing marked increase in cortical bone 

thickness with increased osteocytes. (B) A section of trabecular bone of same group showing marked increase in trabecular area 

and widening of bone marrow spaces (A-B) Hematoxylin and eosins stained section, ×200. 

Black arrow : periosteum                                    White arrow : osteocyte 

Red arrow : endosteum                                     blue arrow : trabecular bone thickness 

Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 

 

 

 

Fig. (4): (A)Longitudinal sections of the middle shaft of group IV rats showing thickened periosteum, thickened endosteum, 

marked decrease in cortical width of the shaft, marked decrease in osteocytes and widened Haversian canals. (B) A 

photomicrograph of a section of trabecular bone of group IV rats showing marked reduction in trabecular thickness and widening 

of bone marrow spaces. (A-B) Hematoxylin and eosin-stained section, ×200. 

Black arrow : periosteum                                    White arrow : osteocyte 

Red arrow : endosteum                                     blue arrow : trabecular bone thickness 

Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 
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Fig. (5): (A) A longitudinal section of the middle shaft of the femur of group V rat showing marked improvement of the cortical 

bone thickness, osteocytes and Haversian canals. (B) A section of trabecular bone of the same group shows marked improvement 

of trabecular thickness and bone marrow cavities. (A-B) hematoxylin and eosin-stained section; ×200. 

Black arrow : periosteum                                    White arrow : osteocyte 

Red arrow : endosteum                                     blue arrow : trabecular bone thickness 

Yellow arrow : Haversian canal                        green arrow : bone marrow cavity 

 

Discussion 
 
The present study aimed to investigate the 

potential protective effect of forskolin 

against flutamide- induced osteoporosis. The 

results of this work revealed that oral 

administration of flutamide for 4 weeks in 

male adult albino rats disturbed bone 

formation in the form of marked decrease in 

serum concentration of osteocalcin, a 

reliable marker of bone formation, and 

increase in sclerostin as well as urinary 

hydroxyproline excretion, markers of bone 

resorption 
[22]

. Osteocalcin is a 

hydroxyapatite-binding, protein exclusively 

synthesized by osteoblast and hypertrophic 

chondrocytes. It is involved in the process of 

osteoid mineralization, as the protein is 

expressed mainly during this phase of bone 

formation. It has multiple vitamin K 

dependent gamma carboxy glutamate 

residues which binds calcium. Although a 

smaller fraction (15%) is released into the 

circulation where it can be detected by 

immunoassays, serum levels of 

immunoreactive OC have been shown to 

correlate well with the bone formation rate 

as assessed by histomorphometry 
[23]

. 

In the present study, the increase in serum 

sclerostin level in flutamide induced- 

osteoporotic animal group may indicate an 

arrested bone formation because this protein 

is a morphogenic protein inhibitor. It 

antagonizes the effect of bone morphogenic 

proteins 
[24] 

or inhibiting Wnt pathway of 

bone formation probably mediated by 

interaction with LORP5/6 receptors 
[25]

. 

In addition, urinary hydroxyproline 

excretion was increased after flutamide 

administration which may indicate active 

bone resorption. This protein is synthetized 

from proline by posttranslational 

intracellular modification. It is incorporated 

in collagen in bones and cartilage. Up to 



FSK Protect Against FLUT Induced OP in Rats, 2023 

57 
 

90% of urinary hydroxyproline is derived 

from breakdown of bone collagen 

irrespective to dietary protein intake 
[26]

.  

These biochemical evidence of flutamide 

induced osteoporosis are supported by 

histopathological examination that show 

wide spread irregular bone surfaces which 

may indicate exaggerated osteoclastic 

activity. Osteoclasts send out villus-like 

projections toward the bone. They form a 

ruffled border adjacent to the bone by 

secreting proteolytic enzymes and acids that 

dissolve and digest bone matrix 
[27]

.  

Also, there was remarkable thickening of 

periosteum which implies arrested bone 

mineralization. This assumption may be due 

to the fact that osteoblasts form contiguous 

monolayer over the surface of the bone. 

They secrete bone matrix protein which is 

rapidly calcified by deposition of calcium 

salts. The bone thickened surface membrane 

may reflect defect in bone calcification and 

accumulation of uncalcified bone proteins 
[28]

. The morphometric study confirmed the 

above-mentioned assumption as it showed 

marked decrease in cortical and trabecular 

bone thickness. These marked osteoporotic 

changes showed in flutamide-treated 

osteoporotic rats confirm the validity of this 

animal model of osteoporosis as well as 

highlighted adverse effect of such drug on 

bone turnover during clinical use. In 

addition, our results are in line with a 

previous study 
[29] 

that reported flutamide to 

evoke osteopenia in the female rats. 

The antiresorptive effect of androgens may 

be mediated by decreasing osteoclast 

genesis after interacting with bone marrow 

osteoblast precursors and possibly 

osteoclasts due to prevention of osteoblast 

apoptosis and stimulation of osteoclast 

apoptosis 
[30]

.  

Our data denotes that, concomitant 

alendronate administration with flutamide 

produced weak prophylactic effect on 

flutamide induced osteoporosis. Except for 

significant reduction of urinary 

hydroxyproline compared with non-treated 

flutamide induced osteoporotic with mild 

improvement of histological picture, other 

bone resorptive marker or bone formation 

marker as well as histomorphological 

measurement of both trabecular and cortical 

bones of the femur were not significantly 

different from that of non-treated 

osteoporotic group. The antiresorptive effect 

of bisphosphonate may be attributed to its 

ability to concentrate inside osteoclasts via 

its structural similarity to pyrophosphate 

group of natural calcium apatite crystal 
[31]

. 

It promotes osteoclast apoptosis by 

inhibition of malonic acid pathway of 

synthesis of cholesterol of cell membrane 
[32]

. On the contrary to alendronate, 

concomitant forskolin administration with 

flutamide resulted in marked correction of 

urinary HPO excretion, serum levels of 

SOST & OC as well as histopathology and 

histomorphometric measures compared with 

non-treated flutamide group.  

These beneficial effects of forskolin can be 

explained by activation of protein kinase A 

pathway of cell signaling. Such pathway is 

expressed in osteoblasts. Forskolin acts by 

subsequent phosphorylation and inactivation 

of the pro-apoptotic protein Bad, as well as 

increased transcription of survival genes like 

Bcl-2 
[33]

. Moreover, cAMP response 

element-binding protein (CREB) is required 
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for activation of Runt-related transcription 

factor 2 (RUNX2) which is a key 

transcription factor for osteoblast 

differentiation. It is responsible for inducing 

the differentiation of multipotent 

mesenchymal cells into immature 

osteoblasts, as well as activating expression 

of several key downstream proteins that 

maintain osteoblast differentiation and bone 

matrix genes 
[34]

. This agrees with Wang et 

al.,
 [35]

, who showed that both parathyroid 

fragment 1-34 and forskolin enhanced 

Runx2 and osterix (osteoblast specific 

transcription factor) transcription, and the 

stimulatory effects of PTH and forskolin 

were blocked by the pre-treatment of the 

cells with H-89, a protein kinase A (PKA) 

inhibitor. In addition, cAMP PKA pathway 

inhibits the differentiation of non-committed 

mesenchymal stem cells to fat cells via 

phosphorylation inhibition of PPARγ. This 

may link the well-known weight losing 
[36]

 

and putative bone forming effects of 

forskolin 
[37]

. 

The above-mentioned effect of forskolin 

was challenged by in vitro study of Turksen 

et al.,
[38]

, who showed biphasic dose 

dependent effect of tested drug on cultured 

osteoprogenitor cells. Low dose was 

promoted and large dose was depressant of 

osteoprogenitor differentiation. This is in 

line with the effect of another protein kinase 

A activator namely recombinant parathyroid 

hormone fragment which showed bone 

anabolic effect on intermittent low serum 

level and opposite effect on continuous high 

level. Both effects may be explained by 

compensatory desensitization of cAMP 

protein kinase pathway through release of β-

Arrestin which regulates G protein coupled 

receptors by competition with G protein 

required for activation of adenylcyclase 
[39]

. 

The histopathological findings support our 

results to confirm the promising effect of 

forskolin to improve cortical and trabecular 

bone thickness in osteoporotic cases. This 

may emphasize the optimization of proper 

dose and duration of forskolin to obtain the 

appropriate clinical response.  

Concomitant administration of forskolin and 

alendronate augmented the beneficial effect 

of either drugs as regards to measured 

parameters as well as histopathology and 

histomorphometric measures. This may be 

combined effect of osteoclast inhibitory 

effects of alendronate and osteoblast 

promoting effects of forskolin. 

 Forskolin and recombinant parathyroid 

hormone fragment are the only drugs that 

promote bone formation. Other drugs used 

in treatment of osteoporosis have only 

antiresorptive effect. Moreover, forkolin has 

the advantage over recombinant parathyroid 

hormone fragment in having additional 

anticancer 
[40]

 and weight losing effect in 

addition to administration by convenient 

oral rout.  Its anticancer effect may augment 

that of flutamide if used in patient with 

cancer prostate.  

Conclusions 

Forskolin is a promising agent either singly 

or better in combination with alendronate in 

management of osteoporosis as it is orally 

active and has weight reducing effect which 

may ameliorate deleterious effect of 

overweight on bones. These effects at least 

in part may be due to its modulatory effects 

https://en.wikipedia.org/wiki/Mesenchymal_stem_cell
https://en.wikipedia.org/wiki/Bone_matrix
https://en.wikipedia.org/wiki/Bone_matrix


FSK Protect Against FLUT Induced OP in Rats, 2023 

59 
 

of osteocalcin, sclerostin as well urinary 

hydroxyproline excretion. 

Further research is required to optimize the 

dose of forskolin in face of its biphasic 

effect on bone formation and possible 

cardiovascular side effects. Furthermore, the 

potential therapeutic effect of other models 

of osteoporosis mediated by corticosteroid 

excess or estrogen deficiency should be 

investigated. 
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