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Introduction: Osteoporosis makes bones become frail thus fragile, that a fall or even gentle burdens prompting
a crack. Several studies had documented that osteoporosis incidence is increased much more in diabetic patient.
Dapagliflozin, is used in Type 2 diabetes management, as a selective inhibitor of sodium/glucose cotransporter-
2 (SGLT2). Few study tackled the impact of dapagliflozin on bone metabolism. In this study we aim to determine
the impact of dapagliflozin on a rat model of osteoporosis.

Materials and methods: Thirty adult female Wistar albino rats were used in this experiment. They were equally
divided into three groups. Group I sham-operated control, group II ovariectomized (OVX), and group III
ovariectomized (OVX) treated with dapagliflozin (DAPA) 10 mg/kg/day orally for 8 weeks. After 8weeks, plasma
levels of calcium (Ca+2), phosphorous (P), alkaline phosphatase (ALP), Tartrate-Resistant Acid Phosphatase 5b
(TRAP 5b), tumor necrosis factor-      (TNF-    ), serum osteocalcin level, serum osteoprotegerin level, AMP-activated
protein kinase (AMPK) and advanced glycosylation end products (AGEs) were analysed. The distal end of femur
bones were excised for histological and morphometric studies.

Results: In the current study, the biochemical results of ovariectomized (OVX) rat group showed increase in
serum level of phosphorus, alkaline phosphatase, Tartrate-Resistant Acid Phosphatase 5b (TRAP 5b), osteocalcin,
advanced glycosylation end products (AGEs) and tumor necrosis factor-  (TNF-  ). While the serum level of
calcium, osteoprotegrin and AMP-activated protein kinase (AMPK) was decreased. The biochemical results of
(OVX) group treated with DAPA showed a significant change in serum level of calcium, alkaline phosphatase,
TRAP 5b, osteocalcin, osteoprotegrin and AMPK. While the serum level of phosphorus, AGEs and TNF-   showed
non significant change in the same group. In the present study, the (OVX) rat group showed features of osteoporosis
at the epiphyseal plate of femur. These features were focal areas of disrupted arrangement of the layers of
chondrocytes, some areas of the matrix appeared pale, the bone trabeculae were thinner than normal, multiple
resorption cavities and some areas of hypocellularity. After oral administration of dapagliflozin to the OVX rats
for eight weeks, the osteoporotic findings in femur by H&E showed improvement. The chondrocytes appeared
almost normally organized and the bone trabeculae were of normal thickness. By morphometric assessment, the
thickness of bone trabeculae of OVX treated with DAPA group (69.9±15.6) increased in comparaison to the OVX
group (61.0± 18.2).

Conclusion: Dapaglaflozin has an antiosteoporotic effect in ovariectomy induced osteoporosis in rat.
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INTRODUCTION
Osteoporosis makes bones become frail thus
fragile, that a fall or even gentle burdens prompt-
ing a crack. These osteoporosis-related fractures
commonly occur in hip, wrist or vertebrae [1].
It is notable that females of all races are in
danger for osteoporosis but post-menopausal
females are at higher risk.  Several studies had
documented that osteoporosis incidence is
increased much more in diabetic patient [2].
These could be whether due to the disease
itself or the antidiabetic drugs as pioglitazones.
There is growing evidence that increased
glucose level in diabetes mellitus (DM) and
accumulation of the advanced glycosylation end
products (AGEs) in the collagen fibers allowed
alteration of bone structure and strength.
Moreover, alteration in plasma insulin level and
alteration and disturbance in renal function also
affects bone microstructure as it decreases
vascular flow leading to bone microangiopathy.
In addition chronic inflammation and increased
of cytokines levels had an implemented role in
accelerating bone remodeling and loss of bone
mineral density (BMD) [3].
Dapagliflozin, is used for treatment of Type 2
diabetes, as a selective inhibitor of sodium/
glucose cotransporter-2 (SGLT2) [4]. There is
growing evidence that presence of DM builds
the danger of secondary osteoporosis and
fracture irrespective to diabetic clinical type. A
lot of studies implicated the roles of AGEs in
aggravating both bone fragility, as well as
progression of classical diabetic complications
[5, 6].
AGEs are closely associated with the deteriora-
tion of the material properties of bone. As AGEs
significantly affects both osteoblast and osteo-
clast, it inhibits osteoblast proliferation and in-
duces its premature apoptosis, [7] besides it
suppresses osteoblastic differentiation [8]. AGEs
diminished osteoclast-prompted bone resorption
and the osteoclastic separation [9]. AGEs in-
creased the expression of the antagonist of bone
formation; sclerostin protein, and diminished the
expression of the agonist of bone resorption;
RANKL protein [10].
AMPK signaling pathway plays a role in bone
physiology. Novel work demonstrates that

MATERIALS AND METHODS

several pathways influencing bone formation
could be modulated through activation of AMPK,
as mevalonate pathway, AMPK modulates it by
repression of HMG-CoA reductase [11] stimu-
lating osteoblast differentiation, osteoclastic
bone resorption and bone development [12].
Also there is increasing evidence that guideline
of osteoblast separation through crosstalk with
the Wnt/b-catenin pathway that could be modu-
lated by activation of the AMPK [13].
Furthermore, activation of the AMPK pathway
stimulates osteoblast differentiation and bone
formation via enhancing the osteoblast-specific
transcription factor (runt-related transcription
factors 2) RUNX2 and also inhibition of osteo-
clast formation and bone resorption possibly via
suppression of the nuclear factor of activated T
cells c1 (NFATc1) [14].
Few study tackled the impact of dapagliflozin
on bone metabolism, and these studies specifi-
cally study its effect on diabetic patients where
several variables as DM itself and metformin
combination drugs are present. In this study we
aim to determine effect of dapagliflozin on a rat
model of osteoporosis.

Chemicals: Dapagliflozin (Oral tablets: 10 mg)
was purchased from Bristol-Myers Squibb
(American pharmaceutical company). The drug
was dissolved in saline as a vehicle.
Animals: Thirty adult female Wistar albino rats
weighing from 150 – 200 g at age between
10 -24 months with regular estrous cycles were
picked as suggested by Kalu [15]. The rats were
obtained from the animal house of department
of Anatomy and Embryology, Faculty of
Medicine, Al - Mowasat. The animals were
housed on wood shavings in metal cages and
were kept in animal house, Faculty of medicine,
Alexandria University under standard conditions
of light and temperature with free access to food
and water. The current study was affirmed by
the Ethical rules of Alexandria University on
laboratory animals and the national institute for
the care and use of laboratory animals (NHI
Publications No80-23, revised 1978). Number of
the ethical approval: 0304099 and date of
the ethical approval: 20/09/2018. Further the
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Alexandria faculty of medicine ethical commit-
tee approval was acquired.
In the experiment, female albino rats were
equally divided into three groups:
Group I sham-operated control (SHAM):
included ten female adult rats that were given
1ml saline every day orally for 8 weeks.
Group II ovariectomized (OVX) [15,6]: Included
ten female adult rats that undergo bilateral
ovaricteomy using dorsal approach under
general anesthesia. The rats were given 1ml
saline every day orally for 8 weeks.
Group III ovariectomized (OVX) treated with
DAPA: included ten female adult rats that were
ovariectomized treated with dapagliflozin 10
mg/kg/day [16] dissolved in 1 ml saline every
day orally for 8 weeks.
After 8 weeks, the rats were anaesthetized by
ether then blood was collected from the aorta
to analyse plasma levels of calcium (Ca+2),
phosphorous (P), alkaline phosphatase (ALP),
tumor necrosis factor-  (TNF-  ), serum
osteocalcin level, serum osteoprotegerin level,
AMP-activated protein kinase (AMPK), advanced
glycosylation end products (AGEs) and the
distal end of femur bones were excised for
histological and morphometric studies.
Ovariectomy [17]: Animals were anaesthetized
with ketamine (100 mg/kg) via an intraperito-
neal route [18] and injected intramuscularly with
antibiotics (penicillin G procaine, 40.000 U/kg).
A single transverse incision was made in the
ventral midline, through the skin and the muscle
anterior abdominal wall at the lower poles of
the kidneys. The two ovaries were then located
and silk threads (5-0) were tightly tied around
the oviducts, including the ovarian blood
vessels. The oviducts were sectioned, and the
ovaries were removed with their surrounding fat,
taking good care in leaving the knots intact. The
skin and the muscle wall were then sutured with
a silk thread (4-0).
· All administered drugs or vehicle were given
by an oral gavage syringe.
· All administered drugs were dissolved in 1ml
saline.
Biochemical laboratory estimates:
Calcium and phosphorus assay: Calcium and

phosphorus levels were estimated in serum
using colorimetric assay kits one for calcium and
another for phosphorus (LINEAR CHEMICALS
S.L., Barcelona, Spain), according to the
manufacture’s instruction.
Alkaline phosphatase assay: The alkaline
phosphatase activity was quantified in serum
using ALP colorimetric assay kit
(BIODIAGNOSTIC, Egypt), according to the
manufacture’s instruction.
Tartrate-Resistant Acid Phosphatase 5b (TRAP
5b) assay: Serum TRAP 5b concentrations were
quantified using a Rat ELISA kit, purchased from
WKEA MED SUPPLIES CORP, China according to
the manufacture’s instruction.
Osteocalcin and Osteoprotegerin assay: Serum
levels were quantified using rat osteocalcin
ELISA kit, and rat Osteoprotegerin ELISA kit
purchased from (Cloud-Clone Corp-USCN life
science inc. - USA), according to the
manufacture’s instruction.
AMP-activated protein kinase (AMPK): Serum
AMPK was measured by Rat AMPK ELISA kit
(MyBiosource, Inc. San Diego. USA), according
to the manufacture’s instruction.
Advanced glycosylation end products (AGEs):
Serum AGEs was measured by Rat AGEs ELISA
kit (MyBiosource, Inc. San Diego. USA), accord-
ing to the manufacture’s instruction.
Tumor necrosis factor-    (TNF-    ) assay: Serum
TNF-   was measured by the RayBio® Rat
TNF- alpha ELISA kit (RayBiotech, Inc., Norcross,
Georgia, USA), according to the manufacture’s
instruction.
Histological and morphometric studies:
Distal end of femur bones were excised using
bone cutter and cleaned for any remains of
muscle fibers. The bones were fixed in 10%
formalaldehyde, decalcified using the chelating
agent ethylene diamine tetra acetic acid (EDTA)
then placed in molds and embedded in paraffin
to form paraffin blocks for histomorphometric
parameters. The distal end of femur bones were
sectioned (3-5um thickness) longitudinally and
processed for Hematoxylin and Eosin (H and E)
staining [19] and Gomori’s trichrome stain [20].
Digital images from H&E stained sections were
obtained by digital camera connected to micro-
scope (Olympus BX41). The magnification of
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images were (100X) and (400 X). The bone
trabecular thickness using images at 100 X
magnification. Measurements were expressed
as length ( m) using NIH Image J (v1.49) soft-
ware.
Statistical Analysis: The results of this study
were interpreted as mean ± standard deviation
(SD). Statistical analyses were performed with
IBM SPSS statistics, version 23.0(IBM Inc). All
experimental results were analyzed utilizing
one-way variance analysis (ANOVA) with
Dunnett’s post hoc test. Values of P < 0.05 were
were significantly different.

There was no mortality observed during the ex-
perimental period.
Biochemical results:
The effect of eight weeks treatment with
Dapagliflozin on serum calcium, phosphorus
(mg/dl), alkaline phosphatase (IU/L) and
Tartrate-Resistant Acid Phosphatase 5b (TRAP
5b) (pg/L) levels in ovariectomy-induced
osteoporosis in rats Fig. 1(a-d)
· Osteoporosis induction by ovariectomy (OVX
group) resulted in a statistically significant
decrease in serum Ca level and significant
increase in serum P (P < 0.05) when compared
to the normal control group.
· Eight weeks oral treatment with Dapagliflozin
in ovariectomized rats were associated with a
significant change in serum Ca level compared
to the OVX control group (P < 0.05) but
non- significant change in serum P to the OVX
control group.
· Osteoporosis induction by ovariectomy (OVX
group) resulted in a statistically significant
increase in serum alkaline phosphatase level
(P < 0.05) when compared to the normal control
group.
· Eight weeks oral treatment with Dapagliflozin
in ovariectomized rats were associated with a
significant change in serum alkaline phos-
phatase level compared to the OVX control group
(P < 0.05) but non-significant change compared
to normal group.
· Osteoporosis induction by ovariectomy (OVX
group) resulted in a statistically significant
increase in serum TRAP 5b level (P < 0.05) when

compared to the normal control group.
Eight weeks oral treatment with Dapagliflazone
in ovariectomized rats were associated with a
significant change in serum TRAP 5b level
compared to the OVX control group (P < 0.05)
but non-significant change compared to normal
group.

RESULTS

Fig. 1(a-d): Bar chart showing the mean of serum Ca, P,
alkaline phosphatase and  TRAP   5b  level among the
different  study groups.

The effect of eight weeks treatment with
Dapagliflozin on osteocalcin level (ng/ml) in
ovariectomy- induced osteoporosis in rats
(Fig. 2)
· Osteoporosis induction by ovariectomy (OVX
group) resulted in a statistically significant in-
crease in serum osteocalcin level (P < 0.05) when
compared to the normal control group.
· Eight weeks oral treatment with Dapagliflozin
in ovariectomized rats were associated with a
significant change in serum osteocalcin level
compared to the OVX control group (P < 0.05)
but non-significant change compared to normal
group.

Fig. 2: Bar chart showing the mean of serum osteocalcin
among the different  study groups.
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The effect of eight weeks treatment with
Dapagliflozin on osteoprotegrin (ng/ml),
AMPK (ng/ml), AGEs (ng/ml), and TNF     (pg/
ml) levels in ovariectomy- induced osteoporo-
sis in rats Fig. 3(a-d)
· Osteoporosis induction by ovariectomy (OVX
group) resulted in a statistically significant
decrease in serum osteoprotegrin and AMPK
levels and significant increase in serum AGEs,
and TNF    level (P < 0.05) when compared to the
normal control group.
· Eight weeks oral treatment with Dapagliflozin
in ovariectomized rats were associated with a
significant increase in serum osteoprotegrin and
AMPK levels and significant decrease in serum
AGEs, and TNF   levels compared to the OVX
control group (P < 0.05).
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α 

Fig. 3(a-d): Bar chart showing the mean of serum
osteoprotegrin, AMPK, AGEs and TNF-       level among the
different  study groups.

α 

that bone trabecular thickness (61.0±18.2) was
significantly decreased in comparison to the
control group (76.1± 13.1).
The (OVX) rat who received DAPA orally for 8
weeks showed improvement of osteoporosis
features. The chondrocytes appeared almost
normally organized; the bone trabeculae were
of normal thickness (Fig. 4e).
Observations of Gomori’s Trichrome stained
sections: Gomori’s Trichrome stained sections
of (OVX) group (Fig. 5b ) showed few collagen
fibers in the trabecular bone that appeared
widely separated by bone marrow rich in fat cells
compared to control group (Fig. 5 a). The (OVX)
rat who received DAPA orally revealed nearly
normal content and distribution of collagen
fibers in the trabecular bone which indicates
improvement of osteoporotic features (Fig. 5c).

Histological and morphometric assessment of
distal end of femur;
Observations of H&E stained sections: By light
microscope examination of the control group of
female albino rats, normal  histological features
of cancellous bone at the epiphyseal plate of
femur had been showed (Fig.4a). The epiphy-
seal plate of femur of (OVX) rat showed fea-
tures of osteoporosis. Focal areas of disrupted
arrangement of the layers of chondrocytes and
some areas of the matrix appeared pale. The
bone trabeculae were thinner than normal
(Fig.4b). Multiple resorption cavities also
appeared within the bone (Figs. 4c, d). Some
areas of hypocellularity was also seen (Fig.4d).
Morphometric analysis of (OVX) group revealed

Fig. (4a): Photomicrograph of the sham-operated control
group showing normal histological appearance of
epiphyseal plate of hyaline cartilage. Normal
appearance of cancellous bone (C) in the epiphysis. The
cartilage matrix (M) appears homogenously stained.
Bone marrow cavities appear (BM) T: trabeculae.
(H&E stain, Mic.Mag. x 100)

Fig. (4b):  Photomicrograph of (OVX) group showing focal
areas of disrupted arrangement of the layers of
chondrocytes (C) and disrupted arrangement of
cancellous bone at the epiphyseal plate. Some areas of
the matrix (M) appear pale. Bone trabeculae (T) appear
thinner than normal. (H&E stain, Mic.Mag. x 100)
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Fig. (4c): Photomicrograph of ovariectomized group
showing the bone with multiple resorption cavities (      ).
(H&E stain, Mic.Mag. x 400)

▲ 

Fig. (4d): Photomicrograph of (OVX) group showing
thinning of bone trabeculae (T) with appearance of
multiple resorption cavities (     ). Some areas of
hypocellularity appear (H).  (H&E stain, Mic.Mag. x 100)

▲ 

Fig. (4 e): Photomicrograph of (OVX) group treated with
DAPA showing improvement of histological features,
almost normally organized chondrocytes (C) and
decreased resorption cavities(R). Bone marrow cavities
(BM) appear separated by bone trabeculae (T). (H&E
stain, Mic.Mag. x 100)

Fig. (5 a): Photomicrograph of the sham-operated control
group showing normal distribution of collagen fibers
(       )  in bone trabeculae (T).(Gomori’s Trichrome stain,
Mic.Mag X 100)
↑ 

Fig. (5b): Photomicrograph of OVX group showing few
collagen fibers (    ) in the trabecular bone (T) that
appeared widely separated by bone marrow rich in fat
cells (F).(Gomori’s Trichrome stain, Mic.Mag X 100)

↑ 

Fig. (5c): Photomicrograph of (OVX) group treated with
DAPA showing nearly normal content and distribution
of collagen fibers (     ) in the trabecular bone (T). (Gomori’s
Trichrome stain, Mic.Mag X 100)

↑ 

Table (1) shows increase in the trabecular thick-
ness of ovariectomized treated with DAPA group
when compared with control group. Then again,
there was a decrease in the trabecular thickness
of (OVX) group in comparaison to the control
group (Figure 6).
The results of the study in (Figure 6) show that
the average trabecular thickness in the control,
OXV and OXV treated with DAPA groups were
respectively 76.1; 61.0; and 69.9 %. The mean
trabecular thickness was highest in control group
and lowest in OXV group.
Table 1:  Comparison between the three groups regarding
trabecular thickness.

Percent of area Control OVX
OVX treated 
with DAPA

Range 47.8-89.9 25.3-83.4 49.5-88.9
Mean 76.1 61 69.9
S.D. 13.1 18.2 15.6

ANOVA

P

P1

P2

P3

12.11
0.021*

0.023*

0.011*
0.047*

P is significant if < 0.05;  P1 comparison between control
and (OVX) treated with DAPA; P2 comparison between
control and (OVX); P3 comparison between (OVX) treated
with DAPA and (OVX)
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Fig. (6): Bar chart showing mean % area among studied
groups.

impacting osteoporosis.
Relevant findings in the current study revealed
that administration of dapagliflozin to
ovarectomized female rat induced osteoporosis
improved the histological, morphometric
studies and biochemical parameters.
Dapagliflozin treated ovariectomy- induced
group significantly increases serum calcium,
osteoprotegrin, AMPK, and significantly
decreases serum alkaline phosphatase level,
serum Tartrate-Resistant Acid Phosphatase
5b (TRAP 5b), osteocalcin level, AGEs, and
TNF    levels compared to ovariectomy- induced
osteoporosis group.
Effect of Dapagliflozin as an activator to AMPK
was in line with some studies [27, 28, 29]. Also,
Yao D et al, approved antioxidant and anti-
inflammatory effect of Dapagliflazone [30, 31].
On the other hand, some studies documented
that dapagliflozin modulated sRAGE levels,
suggesting that dapagliflozin had inhibitory
effect on AGE-RAGE axis [32, 33].
The present study revealed that administration
of dapagliflozin led to a significant decrease in
the AGEs level. This finding illustrates the
importance of the dapagliflozin use of in
diabetic especially postmenopausal and
osteoporotic patient.
Some clinical studies suggest that Dapagliflozin
had no effect on bone formation markers and
resorption or bone mineral density in diabetic
type 2 patients. These could be explained that
osteoporotic changes had been established in
bone of these patients, before starting treatment
of dapagliflozin [34, 35].
Fundamental clinical information have appeared
no changes in serum calcium or vitamin D but
small increases in serum magnesium, phosphate
and parathyroid hormone with dapagliflozin
treatment compared with placebo [36, 37].
During dapagliflozin treatment, serum
phosphate levels increased by 9% compared to
placebo [38].
In the current study, the (OVX) rat group showed
features of osteoporosis at the epiphyseal plate
of femur. These features were focal areas
of disrupted arrangement of the layers of
chondrocytes, some areas of the matrix appeared

DISCUSSION
Osteoporosis is a metabolic bone disease
where there is both a decrease in the ordinary
amount of mineralized bone as an adjustment
in bone microarchitecture, prompting expanded
break hazard in specific locales, even without
high-vitality injury. It affects 25% of women over
60 years old and 5% to 10% of men in the same
age group in western societies [21].
The (OVX) rat model remains the most famous
choice as it has been approved to represent the
most significant clinical highlights of estrogen
deficiency-induced (or postmenopausal) bone
loss in the adult human [22] particularly during
the beginning phases of osteoporosis. These
include: increased rate of bone turnover with
resorption surpassing arrangement; an under-
lying fast period of bone loss followed by a much
more slow stage; more loss of cancellous bone
than cortical bone [23].
Dapagliflozin, is a highly selective inhibitor of
sodium-glucose cotransporter 2 (SGLT2) the
newest class of oral anti-diabetics [24]. It
improves glycaemic control in patients with type
2 diabetes mellitus (T2DM) when used as
monotherapy by increasing urinary glucose
excretion [25].
Current evidence suggests that Tumor necrosis
factor-alpha (TNF-   ) promotes bone remodel-
ing and osteoporosis by enhancing osteoclast
formation and depressing osteoblast maturation
and function. This is through its role in chronic
inflammation and enhancement of receptor
activator of nuclear factor kappa ß (RANK) and
osteoclast precursor cell proliferation [26].
AMPK is a key target in the pathophysiology of
osteoporosis; it is enrolled in many pathways
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pale, the bone trabeculae were thinner than
normal, multiple resorption cavities and some
areas of hypocellularity. These results were in
accordance with results of Hafiza A. S et al. [39]
which revealed many osteoporotic cavities,
resorption cavities, and calcified cartilage in
bone tissue in the case of OVX rats. In their study,
examination of cancellous bone in the head of
the femur revealed decreased mean areas of
bone trabeculae (276.08         ) as compared
with the sham-operated group (1220.9            ).
In the present study the mean thickness of bone
trabeculae in OVX rats (61.0± 18.2) was
decreased as compared to the control group
(76.1 ± 13.1). Smith R,[40] declared that
histological assessment of osteoporotic bone
showed generalized thinning of trabeculae and
reflecting unequal osteoclast-mediated bone
resorption. Both studies were in agreement with
the findings of the present study.
In the current study, the osteoporotic findings
in femur by H&E showed improvement in OVX
treated with DAPA group. The chondrocytes
appeared almost normally organized and the
bone trabeculae were of normal thickness. By
morphometric assessment, the thickness of bone
trabeculae of OVX treated with DAPA group
(69.9±15.6) increased in comparison to the OVX
group (61.0± 18.2). These results were in
accordance with Wang et al. [41] who
recommended in their observations that
Dapagliflozin has protective impacts on bone in
Type 2DM people. In contrast, Kohan et al. [42]
reported fractures at sites for example the toes
and patellae, which may be more probable
identified with falls, with dapagliflozin
treatment in patients with respectably impeded
renal capacity. The review noted in one trial that
10 mg dapagliflozin experience more fractures
contrasted with lower doses (2.5 and 5 mg/day)
(9.4% (8/85) of patients getting 10 mg/day
dapagliflozin and 6.0% (5/83) of patients treated
with 5 mg/day dapagliflozin more than 104
weeks of follow-up, though no fractures were
accounted for in patients receiving placebo.

μm2 
μm2 

CONCLUSION

any organization.
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Dapaglaflozin has an antiosteoporotic effect in
ovariectomy induced osteoporosis in rat.
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