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Background: The present study examined the effect of intermittent fasting (IF) on bone 
mineral content (BMC) and bone mineral density (BMD) and the markers of bone re-
modeling in a glucocorticoid-induced osteoporosis (GIO) rat model. Methods: Forty 
male rats were allocated to 4 groups (N=10 per group): control group of normal rats; 
control+IF group (normal rats subjected to IF for 16-18 hr daily for 90 days); dexametha-
sone (DEX) group: (DEX [0.5 mg i.p.] for 90 days); and DEX+IF group (DEX and IF for 90 
days). By the end of the experiment, BMD and BMC in the right tibia were measured. Se-
rum levels of the following were measured: glucose; insulin; triglycerides (TGs); total 
cholesterol; parathyroid hormone (PTH); osteoprotegerin (OPG); receptor activator of 
nuclear factor-κB (RANK); bone-resorbing cytokines, including bone deoxypyridinoline 
(DPD), N-terminal telopeptide of collagen type I (NTX-1), and tartrate-resistant acid 
phosphatase 5b (TRAP-5b); and bone-forming cytokines, including alkaline phospha-
tase (ALP) and osteocalcin (OC). Results: DEX administration for 90 days resulted in sig-
nificantly increased serum levels of glucose, insulin, TGs, cholesterol, PTH, OPG, DPD, 
NTX-1, and TRAP-5b and significantly decreased BMD, BMC, and serum levels of RANK, 
OC, and ALP (all P<0.05). IF for 90 days significantly improved all these parameters (all 
P<0.05). Conclusions: IF corrected GIO in rats by inhibiting osteoclastogenesis and PTH 
secretion and stimulating osteoblast activity.
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INTRODUCTION

Glucocorticoids at physiological concentrations have a potentially essential role 
in the process of bone development and homeostasis.[1] However, administration 
of glucocorticoids for a long duration results in Cushing disease which has a nega-
tive effect on bone health and may be associated with an increased risk of bone 
fracture.[2] The long-term use of exogenous glucocorticoids as anti-inflammatory 
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or immunosuppressive agents for the management of acute 
and chronic inflammatory disorders e.g. arthropathies and 
autoimmune disorders have been increased for last several 
decades.[3] Glucocorticoid-induced osteoporosis (GIO), a 
common sequalae for the long-term use of glucocorticoids, 
is considered the most common secondary cause of osteo-
porosis.[4] The bone loss caused in GIO is characterized by 
(1) rapid initial phase during the first year of treatment, 
which is characterized by loss of bone mineral density (BMD) 
of around 6% to 12%; and (2) slow long-term phase there-
after, which is characterized by BMD loss of around 3% per 
year.[5] However, there is a wide heterogeneity in individu-
al susceptibility to the skeletal adverse effects of glucocor-
ticoids.[5]

It has been demonstrated that the process of osteoclas-
togenesis and bone remodeling involve several signaling 
pathways such as osteoprotegerin (OPG), receptor activa-
tor of nuclear factor-κB (RANK) and RANK ligand (RANKL).
[6] Normally, the RANKL stimulates the differentiation and 
activation of osteoclasts as well as it inhibits the process of 
apoptosis in these cells, while OPG directly inhibits the bind-
ing RANKL with RANK.[6] Also, it has been demonstrated 
that administration of glucocorticoids significantly increas-
es the expression of RANKL and decreases the expression 
of OPG in stromal and osteoblastic cells.[7] Moreover, dur-
ing the process of bone remodeling, several bone-resorb-
ing markers such as N-terminal telopeptide of collagen type 
I (NTX-1), tartrate-resistant acid phosphatase 5b (TRAP-5b) 
and deoxypyridinoline (DPD) and bone-forming cytokines 
such as procollagen type 1 N-terminal propeptide and al-
kaline phosphatase (ALP), bone specific ALP, or osteocalcin 
(OC) are released.[8] 

Intermittent fasting (IF) is a lifestyle in which you eat for 
a specific period time, then fast for the rest of the day. Fast-
ing is made possible by the body's energy storage organs, 
such as adipose tissue and the liver.[9] IF has been found 
to lengthen the life, improve energy metabolism, and re-
duce the chance of acquiring age-related diseases.[10] Fur-
thermore, fasting improves physical and mental perfor-
mance through enhancing metabolic processes and the 
nervous system.[11] Experimental evidence demonstrates 
a preventive role of IF in cognitive decline and many neu-
rodegenerative disorders e.g. Parkinson disease in rodents 
and human.[12-14] Furthermore, Michalsen and Li [15] 
found that fasting for 7 to 21 days is efficient for the con-

trol of rheumatic diseases, chronic pain syndromes, hyper-
tension, and metabolic syndrome. It has been demonstrat-
ed that fasting could improve the bone health by influenc-
ing secretion of parathyroid hormone (PTH),[16] which 
plays a major role in both calcium and phosphate metabo-
lism and the bone remodeling process.[17] Finally, the cal-
orie restriction, a mode of fasting, has been proposed to 
modulate and potentially slow the progression of age-re-
lated diseases such as cardiovascular disease, cancer, obe-
sity, Alzheimer’s disease, and osteoporosis.[18] Based on 
the results of the previous studies mentioned above, we 
hypothesized that the IF could improve GIO. Therefore, in 
the current study, we examined the effect of IF on BMD, 
bone mineral content (BMC) and serum level of PTH as 
well as on the bone-resorbing and forming cytokines in-
cluding OPG, RANK, OC, ALP, NTX-1, TRAP-5b, and DPD 
which are involved in the process of bone remodeling. 

METHODS

1. Animals
Forty male Sprague-Dawely (SD) rats (12-14 old and 300-

350 g) were used in the present study. All rats were housed 
and kept under controlled conditions (23±1°C; 12 hr light: 
12 hr dark cycle) at Nile Center of Experimental Research 
(NCER), Mansoura, Egypt. All experimental procedures were 
approved by our local committee of Animal Care (#RP.2018.90). 
Experiments were performed according to the Laboratory 
Animals Guide published by the US National Institutes of 
Health (NIH publication No. 85-23, revised 1996).

2. Experimental design 
The rats were allocated into 4 groups (each 10 rats): (1) 

control group; included normal male SD rats, fed an ad libi-
tum diet and served as a control group; (2) control+IF group; 
normal SD rats were fasted daily for 18 hr (14:00–08:00) for 
90 days; (3) dexamethasone (DEX) group; SD rats received 
subcutaneous injections of DEX (0.1 mg/kg/day; Tianjin 
Pharmaceutical Group Xinzheng Co., Ltd., Zhengzhou, Chi-
na) for 90 days;[19] and (4) DEX+IF group; SD rats received 
subcutaneous injections of DEX and exposed to IF as in 
previous groups. 

3. Blood samples collections 
At the time of sacrifice, blood samples were taken by 
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heart puncture and placed in tubes without anticoagulant 
for 10 min. To obtain serum, the tubes were centrifuged at 
4,000 revolutions per min for 10 min. Until biochemical 
analysis for the different markers, the serum was kept at 
–20°C.

4. Measurement of BMD and BMC of right tibia 
and femur

All rats’ right hind limbs were dissected from the hip 
joint after blood sample collection. The BMD and BMC of 
the right femur and tibia were assessed using a dual ener-
gy X-ray absorptiometry scan (LUNAR PIXI #50778; GE Lu-
nar, Madison, WI, USA).[8]

5. Histopathological examination of bone
 The metaphysis of the left tibia was dissected out, fixed 

in 10% buffered formalin, and decalcified in ethylenedi-
aminetetraacetic acid solution for 2 weeks. When the bone 
was decalcified, it was embedded in paraffin. Overall, 5-µm-
thick sections were then deparaffinized and stained with 
hematoxylin and eosin for light microscopic examination.
[8]

 
6. Measurement of serum glucose, triglycerides 

(TGs), cholesterol and insulin 
The concentration of blood glucose was measured by 

colorimetric method using commercially available kits (Spin 
React, Girona, Spain) according to manufacturer instruc-
tions. Also, serum TGs and total cholesterol were measured 
by commercially available kits as directed by the manufac-
turer (Human Diagnostics, Wiesbaden, Germany). In addi-

tion, serum insulin was measured by enzyme-linked im-
munoassay (ELISA) insulin kits for rats (Sun-Red biology 
and technology, Shanghai #cat no 201-11-0708) as direct-
ed by the manufacturer. 

7. Measurement of serum PTH, OPG, RANK, 
bone-forming markers (OC, ALP) and bone-
resorbing markers (TRAP-5b, NTX-1, DPD)

ELISA kits were used for measurement of the serum level 
of ALP (Beyotime, P0321, Shanghai, China), PTH (MBS2700368), 
OPG (MBS27101236), TRAP-5b (MBS2702692), cross-linked 
NTX-1 (MBS2700254), DPD (MBS2506789), OC (MBS2701838), 
and RANK (MBS2704130).[8]

8. Statistical analysis
The data were expressed as mean±standard deviation. 

Data were analyzed using SPSS version 20 (SPSS Inc., Chi-
cago, IL, USA). ANOVA was done followed by Tukey’s post 
hoc test. Results were considered significant if P value less 
than or equal 0.05.

RESULTS

1. Effect of IF on serum glucose and insulin in 
DEX-induced osteoporosis

The serum levels of glucose and insulin showed a signifi-
cant increase in DEX group compared to control and con-
trol+IF group (P<0.001). On the other hand, IF+DEX group 
showed a significant reduction in serum glucose and insu-
lin compared to DEX group (P<0.001) (Fig. 1A, B).

Fig. 1. Serum levels of fasting glucose (mg/dL) (A) and fasting insulin (µU/mL) (B) in different groups. Data were expressed as mean±standard 
deviation. *Significant vs. control group. #Significant vs. control+intermittent fasting (IF) group. $Significant vs. dexamethasone (DEX) group. P ≤ 
0.05 is considered significant.
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2. Effect of IF on serum TGs and cholesterol in 
DEX-induced osteoporosis

Figure 2 shows that DEX administration for 90 days caused 
a significant rise in the serum level of cholesterol not the 
serum TGs compared to control and control+IF group (P<  
0.001). To the contrary, the use of IF with DEX caused a sig-
nificant reduction in serum levels of TGs and total choles-
terol compared to DEX group (P<0.001) (Fig. 2A, B). 

3. Effect of IF on BMD and BMC in DEX-induced 
osteoporosis

DEX group had considerably lower BMD and BMC than 
control and control+IF groups (P<0.0001), whereas IF+DEX 
group had significantly higher BMD and BMC than DEX 
group (P<0.05) (Fig. 3A, B).

Fig. 2. Serum levels of triglycerides (TGs) (mg/dL) (A) and total cholesterol (mg/dL) (B). Data were expressed as mean±standard deviation. *Sig-
nificant vs. control group. #Significant vs. control+intermittent fasting (IF) group. $Significant vs. dexamethasone (DEX) group. P≤0.05 is consid-
ered significant. 
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Fig. 3. Bone mineral density (BMD) (A), bone mineral content (BMC) (B) in different groups. Graphs of X-rays pictures from (C) control group, (D) 
control+intermittent fasting (IF) group, (E) dexamethasone (DEX) group and (F) IF+DEX group. Data were expressed as mean±standard deviation. 
*Significant vs. control group. #Significant vs. control+IF group. $Significant vs. DEX group. P≤0.05 is considered significant. ROI, region of interest.
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Fig. 4. Histopathological examination of the proximal metaphysis of the tibia using hematoxylin and eosin (H&E) in different groups. The speci-
mens from the control and intermittent fasting (IF)+control groups show a network of cancellous bone trabeculae with osteocytes within their la-
cunae within bone trabeculae (black arrows) (×200 magnification) (A, B), from the dexamethasone (DEX) group show loss of trabecular bone 
with bone marrow (BM) spaces and empty lacunae (blue arrows) (×200 magnification) (C), and from the IF+DEX group shows n normal trabecular 
bone architecture with osteoblasts at endosteal surface (black arrows) (×200 magnification) (D).
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4. Effect of IF on bone morphology in DEX-
induced osteoporosis

Histological changes were examined by hematoxylin 
and eosin staining. The tibiae from the control and control 
+IF groups demonstrated normal structure and arrange-
ment of the trabeculae (Fig. 4A, B respectively). In the DEX 
group, the trabeculae become thin and reduced with small 
numbers of empty bone lacunae (Fig. 4C). These changes 
were revised in DEX+IF group (Fig. 4D).

5. Effect of IF on PTH in DEX-induced 
osteoporosis

The level of PTH was significantly higher in DEX group 
compared to control and control+IF group (P<0.0001), 

Fig. 5. Serum level of parathyroid hormone (PTH) in different studied 
groups. Data were expressed as mean±standard deviation. *Signifi-
cant vs. control group. #Significant vs. control+intermittent fasting (IF) 
group. $Significant vs. dexamethasone (DEX) group. P≤0.05 is con-
sidered significant. 
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Fig. 7. Serum levels of deoxypyridinoline (DPD) (ng/mL) (A), tartrate-re-
sistant acid phosphatase (TRAP)-5b (ng/mL) (B) and N-terminal telopep-
tide of collagen type I (NTX-1) (ng/mL) (C) as bone resorbing biomarkers 
in different groups. Data were expressed as mean±standard deviation. 
*Significant vs. control group. #Significant vs. control+intermittent fast-
ing (IF) group. $Significant vs. dexamethasone (DEX) group. P ≤0.05 is 
considered significant. 
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Fig. 6. Serum levels of osteoprotegerin (pg/mL) (A) and receptor activator of nuclear factor-κB (RANK) (ng/dL) (B) in different groups. Data were 
expressed as mean±standard deviation.*Significant vs. control group. #Significant vs. control+intermittent fasting (IF) group. $Significant vs. dexa-
methasone (DEX) group. P ≤0.05 is considered significant. 
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while its level in IF+DEX group was significantly lower com-
pared to DEX group (P<0.05) (Fig. 5). 

6. Effect of IF on OPG and RANK in DEX-
induced osteoporosis

When compared to the control and control+IF groups, 
the serum level of OPG, a RANK inhibitor, was considerably 
lower in the DEX group (P<0.0001). In comparison to the 

DEX group, the IF+DEX group demonstrated a significant 
rise in OPG (P<0.0001) (Fig. 6A). However, when compar-
ing the DEX group to the control and control+IF groups, 
the serum level of the osteoclastogenic factor; RANK was 
considerably greater in the DEX group (P<0.0001). In com-
parison to the DEX group, the IF+DEX group demonstrated 
a significant rise in RANK (P<0.0001) (Fig. 6B).
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7. Effect of IF on bone resorption markers (DPD, 
TRAP-5b and NTX-1) in DEX-induced 
osteoporosis

DPD, TRAP-5b, and NTX-1 serum levels were consider-
ably elevated in the DEX group compared to the control 
and control+IF groups (P<0.0001). In comparison to the 
DEX group, the IF+DEX group demonstrated a substantial 
drop in their levels (P<0.05) (Fig. 7A-C).

8. Effect of IF on bone formation markers (OC 
and ALP) in DEX-induced osteoporosis 

The DEX group had considerably lower serum levels of 
OC and ALP than the control and control+IF groups (P<  
0.0001). In comparison to the DEX group, the IF+DEX group 
demonstrated a substantial rise in their levels (P<0.05) (Fig. 
8A, B).

DISCUSSION

The main findings of the current work included (1) ad-
ministration of DEX for 90 days caused significant deterio-
rations in glucose homeostasis, BMC and BMD, which was 
associated with significant increase in serum PTH, RANK 
and bone-resorbing markers (DPD, TRAP-5b, and NTX-1) 
and a significant reduction in serum level of OPG and bone-
forming markers (OC and ALP); and (2) IF for 18 hr/day caused 
significant improvement in glucose homeostasis, BMD, BMC, 
and markers of bone turnover. 

The first objective of the current study was to examine 
the effect of IF on the impaired glucose tolerance caused 
by long-term use of glucocorticoids. The present study dem-

onstrated a significant increase in fasting blood glucose, 
insulin, TGs and cholesterol, findings confirming previous 
studies and suggesting impairment of glucose tolerance 
with the long-term use of glucorticortoids. Moreover, IF 
caused significant improvement in glucose tolerance. These 
findings are in agreement with that reported by previous 
studies. Gotthardt et al. [20] reported that IF increases in-
sulin sensitivity and improves glucose tolerance. In a ro-
dent model of hyperphagic and obese mice due to defi-
ciency of brain-derived neurotrophic factor, alternate day 
fasting (ADF) reverses insulin resistance, and decreases the 
circulating levels of insulin.[21] Also, Arum et al. [22] re-
ported that IF significantly improves the glucose regula-
tion/insulin sensitivity in long-lived Ames dwarf mice and 
growth hormone receptor mutant mice.

The long-term use of glucocorticoids is characterized by 
impairment in bone formation as evidenced by a reduc-
tion in BMC and BMD.[23] In consistence with the previous 
studies, the current study relieved that the long-term use 
of DEX for 90 days causes significant reduction in the BMC 
and BMD with loss of trabeculae suggesting development 
of osteoporosis. Moreover, IF for 16 to 18 hr/day for 90 days 
caused a significant improvement in bone mass (BMC and 
BMD) and morphology suggesting anti-osteoporotic effect 
for IF in GIO. In agreement with these findings, a human 
study by Kormi et al. [24] demonstrated that ramadan fast-
ing reduced the development of osteoporosis and Xu et al. 
[25], in a rodent study, demonstrated that a combination 
of IF with ketogenic diet prevented the reduction in BMD 
and bone resorption induced by ketogenic diet. On the 
other hand, Barnosky et al. [26] demonstrated that an ADF 

Fig. 8. Serum levels of osteocalcin (pg/mL) (A) and alkaline phosphatase (ng/mL) (B) in different groups. Data were expressed as mean±standard 
deviation. *Significant vs. control group. #Significant vs. control+intermittent fasting (IF) group. $Significant vs. dexamethasone (DEX) group. P ≤ 
0.05 is considered significant. 
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in human showed no significant changes in BMC and BMD 
and Hisatomi and Kugino [27] demonstrated that single 
fasting for 96 hr in male Wistar rats caused marked reduc-
tion in bone density without any major change in the mac-
roscopic morphology of bone and BMC is restored within 4 
days after resumption of feeding. 

It has been shown that glucocorticoids can alter PTH se-
cretion directly, upregulate PTH receptors in skeletal mus-
cles, and increase their affinity for PTH, which could improve 
PTH sensitivity.[5] In line with earlier research, the current 
study found a significant increase in PTH levels after 90 days 
of long-term glucocorticoid administration, demonstrating 
that glucocorticoids may alter PTH secretion. Furthermore, 
we discovered that IF dramatically reduced high PTH lev-
els, implying that inhibition of PTH secretion may be one 
of the mechanisms behind IF's anti-osteoporotic activity in 
GIO.

The bone is a dynamic structure that continuously un-
dergoes a process of formation and breakdown called bone 
remodeling. This process of bone remodeling is regulated 
by the activity of osteoclasts and osteoblasts cells. One of 
the main mechanisms involved in the process of osteoclas-
togenesis is the RANK/RANL/OPG pathway. Glucocorticoids 
alter the RANKL-OPG signaling pathway. With long-term 
glucocorticoid treatment, the synthesis of RANKL in osteo-
blasts and osteocytes increases,[7,28,29] but the expres-
sion of OPG at the mRNA level decreases.[28] Furthermore, 
the increase in the ratio of RANKL to OPG caused by gluco-
corticoids is related to the promotion of osteoclast devel-
opment and maturation, which leads to increased bone 
resorption.[5] In line with these findings, the current study 
found that administering DEX for 90 days caused a signifi-
cant increase in bone resorption biomarkers and cytokines 
such as RANK, TRAP-5b, NTX-1, and DPD suggesting that 
long-term glucocorticoid administration increases osteo-
clast activity and the development of osteoporosis. Gluco-
corticoids, on the other hand, generate considerable re-
ductions in OPG (RANK inhibitor), OC, and ALP (markers of 
osteoblast activity), suggesting that osteoblast activity is 
suppressed and bone production is reduced. 

In addition, the current study found that IF for 16 to 18 
hr in rats resulted in a significant increase in serum levels 
of OPG and bone-forming biomarkers such as OC and ALP, 
as well as a significant decrease in serum levels of RANK 
and bone-resorbing biomarkers such as TRAP-5b, NTX-1, 

and DPD, suggesting that IF can inhibit GIO by inhibiting 
osteoclast activity and stimulating osteoblast activity. In 
line with these findings, some controlled clinical trials of 
caloric restriction found declines in bone formation bio-
markers, such as OC,[30] ALP,[31] and increases in bone re-
sorption indicators, such as C-terminal telopeptide of type 
I collagen.[26,31] On the other hand, Kormi et al. [24] found 
that fasting during Ramadan prevented the development 
of osteoporosis by lowering the amount of dipeptidyl pep-
tidase-4.

Limitations of the current study include that we did not 
measure the serum level of RANKL (we measured RANK 
which is a reasonable index for the process of osteoclasto-
genesis) and the number of osteoclasts and osteoblast by 
histomorphometry study. These points will be considered 
in future study. 

CONCLUSION

We concluded that long-term use of glucocorticoids in 
rats caused reduction in BMC, BMD which was associated 
with a rise in the serum levels of PTH, RANK, DPD, and NTX-
1 and reduction in the serum levels of OPG, OC, and ALP. 
On the other hand, IF for 90 days corrected GIO probably 
via inhibiting the osteoclastogenesis, stimulating the activ-
ity of osteoblasts and inhibiting the secretion of PTH.
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