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Aim of the work: To study the possible protective and therapeutic effects of exenatide on experimentally-
induced osteoporosis in adult ovariectomized female albino rats.
Materials and methods: The study included 40 mature female albino rats, matched for age and weight
(150-250 gm). Osteoporosis was experimentally-induced by bilateral ovariectomy (OVX) and the ani-
mals were left untreated for 6 weeks. Rats were divided into 4 groups: Sham group (group-I), ovariec-
tomized (OVX) non-treated (group-II), prophylactic exenatide (group-Ill: received 1 ng/kg/d SC for 6
weeks immediately after ovariectomy) and treated group-IV (Left untreated for 6 weeks after ovariec-
tomy then received treatment for 8 weeks) was subdivided into subgroup-IVa: treated with exenatide
in a dose of 1 pg/kg/d SC and subgroup IVb: treated with vitamin Din a dose 0.25 pg/day orally for
5 days/week. Serum bone-specific alkaline phosphatase (BsALP) level was measured and bone histomor-
phometry assessed.
Results: Non-treated rats showed a significant elevation of BSALP level by 182%, reduction of cortical
thickness by 36% and osteocyte number by 29% compared to Sham group-I. Rats of prophylactic exe-
natide, therapeutic exenatide and therapeutic vitamin D showed a significant reduction of BSALP level
by 62.4%,62.5% and 62.2%, respectively, increase of the cortical thickness by 38.7%, 29.4% and40.9%
respectively and osteocyte number by 29%,26% and 42%, respectively compared to OVX non-treated
group-II. The mean BsALP in group IV improved to levels comparable to Sham group-I. There was no sig-
nificant difference in all previous results between groups-III and IVa or IVb.
Conclusion: Exenatide has a potential prophylactic and therapeutic role in the management post-
menopausal osteoporosis. The non-inferiority of exenatide to vitamin D in treatment of osteoporosis is
deduced.
© 2019 Publishing services provided by Elsevier B.V. on behalf of Egyptian Society of Rheumatic Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

1. Introduction

Gastrointestinal hormones have been proved as modulators of
bone growth and remodeling [3]. Furthermore, activation of gluca-

Osteoporosis is defined by low bone mass and microstructural
deterioration. It is an escalating public health problem due to
increase life expectancy and the resulting bone fractures represent
a significant burden in terms of morbidity, mortality and cost. It is
a silent multifactorial disease and proper estimation can help iden-
tity those at risk and permit prophylactic treatment before its
occurrence [1]. The risk of osteoporosis is increased in post-
menopausal females, owing to increased rate of bone remodeling
due to estrogen deficiency and increased osteoclast life span [2].
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gon like peptide-1 (GLP-1) receptors has been shown to enhance
bone formation in rats [4]. Yet, the direct effects of exogenous
GLP-1 analogues on bone turnover in postmenopausal females
remain unclear [5]. Vitamin D is essential for calcium absorption
and bone mineralization. It is well-established that prolonged
and severe vitamin D deficiency leads to rickets in children and
osteomalacia in adults [6]. The aforementioned highlights the
importance of early prevention and treatment of these diseases
especially in post menopausal females who represent one of the
most vulnerable groups at risk. Experimentally-induced osteoporo-
sis significantly elevated serum bone-specific alkaline phosphatase
(BsALP), decreased serum calcium, bone mineral density and corti-
cal thickness and significantly increased presence of fractures,
bone defects and periosteal irregularity [7].
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Exenatide is a synthetic peptide sharing 53% sequence homol-
ogy with GLP- 1 and has been used as an agonist of mammalian
GLP-1 receptor (GLP-1RA) for the treatment of type 2 diabetes.
Compared to conventional treatments, GLP-1RAs not only have
an advantage in lowering blood sugar, but have also been reported
to confer cardio protection [8] and neuroprotection [9] hence with
a potential anti-depressant effect. Furthermore, GLP-1 receptors
have been shown to promote bone formation indicating an ana-
bolic effect [4].

The aim of this work was to study the possible protective and
therapeutic effects of exenatide on experimentally-induced osteo-
porosis in adult ovariectomized (OVX) female albino rats.

2. Material and methods

The study included 40 mature female albino rats, matched for
age and weight (150-250 gm). Animals were harbored in Research
Institute of Ophthalmology, Egypt on a 12-h light/dark cycle in a
fully ventilated room, fed with standard laboratory diet and
allowed water ad libitum. All experimental procedures were per-
formed under a protocol approved by the Cairo University Institu-
tional Animal Care and Use Committee (CU IIl F 49 17 CU-IACUC)
and according to the ethical standards.

Rats were divided into 4 groups (8 animals in each group and in
the 2 subgroups of group 1V) as follow: Group-I (control; Sham sur-
gery without removing the ovaries); Group Il (OVX non-treated);
rats in groups-I and II were left untreated for 6 weeks then given
distilled water orally for 8 weeks; Group-Ill (OVX prophylactic)
rats were given exenatide (1 pg/kg/d) subcutaneously (SC) [10]
for 6 weeks immediately after ovariectomy followed by distilled
water for 8 weeks; Group-1V (OVX treated) where treatment was
started 6 weeks after ovariectomy and continued for 8 weeks.
Group-IV was further subdivided into subgroup Iva treated with
exenatide (1 pg/kg/d) subcutaneously (SC) [10] and subgroup-IVb
treated with 1o OH-D3 orally for 5 days/week (0.25 pg/day) [11].

The drugs used in the study included 1o0 OH-vitamin D3 (LEO-
Denmark), supplied as 0.2 pgm/ml oral drops and exenatide (Bye-
tta; Lilly company-USA) supplied as 1.2 mg prefilled pen. BSALP
kit (Randox Laboratories LTD) was used for colorimetric determi-
nation of serum BsALP (IU/L).

Ovariectomy was performed in groups I, IIl and IV according to
the technique described by Pytlik et al. [12]. At the end of experi-
ment venous blood samples were collected from the rats tail vein
[13]. Samples were incubated at 37°C until blood clotted then cen-
trifuged for separation of serum for measurement of the total and
BSALP [14]. Animals were sacrificed at the end of the experiment,
one of the hind limbs was separated, the femur was fixed in 10%
formalin solution (EI-Gomhorya pharmaceutical company) for
histopathological examination [15].

Bone histomorphometry was carried out according to Kim et al.
[15] method: after fixation of the femur, 30 um cross-sections were
decalcified in 10% nitric acid for 6 hr, then dehydrated with alcohol
and embedded in xylene and paraffin and cut into 4 um thick sec-
tions. Each section was stained with Hematoxylin- Eosin (H&E).
The cortical thickness and osteocyte number in the femur were
measured by quantitative image analysis system. The data were
obtained using Leica Qwin 500 image analyzer computer system.
The image analyzer consisted of a colored video camera, colored
monitor, hard disc of IBM personal computer connected to the
microscope, and controlled by Leica Qwin 500 software. The image
analyzer was first calibrated automatically to convert the measure-
ment units (pixels) produced by the image analyzer program into
actual micrometer units. The cortical bone thickness and osteocyte
number were measured in each specimen using the interactive
measuring menu with an objective lens of magnification 4 i.e. of

total magnification 40. Twenty readings were obtained for each
specimen; 10 on the lateral and 10 on the medial cortical bone.

2.1. Statistical analysis

Statistical Package of Social Science (SPSS) software version 21
was used. Data was summarized using minimum, maximum,
mean, and standard deviation for all quantitative variables. Com-
parison between groups was performed using one way analysis
of variance (ANOVA) test with post hoc least significant difference
(LSD) test which was designed for exploration of the differences
among means to provide specific information on which means
are significantly different from each other. P values < 0.05 were
considered significant.

3. Results

The changes in the BsALP in the different groups studied are
shown in table 1. There was a significant increase in the mean
serum level in the OVX non-treated group compared to the control.
The levels were nearly normalized in the exenatide prophylactic
and treated groups. The BSALP values were comparable (p > 0.05)
among the prophylactic group and the 2 treated subgroups.

Bone histomorphometry revealed mature bone of the mid shaft
of femur in the Sham group-I. Sections obtained from OVX group-II
showed multiple osteolytic lesions. Osteoporotic cavities with sev-
ere bone loss accompanied by deterioration of bone microarchitec-
ture and fractures were observed with many osteoclasts which
appeared as large, multinucleated cells with acidophilic cytoplasm
present on the surface of fractured bone undergoing resorption.
There were few osteocytes with absence of well organized lamel-
lated appearance of bone matrix (Fig. 1).

Sections obtained from the prophylactic exenatide group
showed that most of the bone tissue was immature (woven) with
non organized lamellated appearance and many randomly
arranged osteocytes, thickening of periosteum and irregular endos-
teum lining. The presence of irregular space within the bone tissue
(resorption canal) indicative of bone remodeling near the endos-
teum was noted (Fig. 2).

Sections obtained from exenatide treated group-IVa showed
irregularity in bone thickness and contained immature (woven)
bone. There were many osteocytes that were randomly arranged.
Some areas showed mature bone and there was irregularity in
the endosteum lining and thickening of the periosteum with par-
tial separation. While in those treated with vitamin D most of
the bone sections exhibited Haversian system and a thickened

Table 1
Changes in the mean serum bone-specific alkaline phosphatase (BsALP) in the
different studied groups (n = 8/group).

Groups BsALP (IU/L) in studied groups (n = 8/group)
Mean = SD % increase % reduction
compared to | compared to Il

I (Sham control) 136.1t6 - 64.6%

Il (OVX non- 384.4+56.1° 182.6% -
treated)

111 (prophylactic 1443275  6.1% 62.4%
exenatide)

IVa (treated 1442+54° 6% 62.5%
exenatide)

IVb (treated 145741  7.1% 62.2%
vitamin D)

BsALP: bone-specific alkaline phosphatase, OVX: ovariectomized.
2 =Significant at p < 0.05 compared to Sham group-I.

b = sjgnificant at p < 0.05 compared to OVX non-treated group-IL.
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Fig. 1. A photomicrograph of the mid shaft of the femur of Sham group-I
(transverse section) (UPPER) showing mature bone units (osteons) and Haversian
systems (arrows). Between the lamellae are lacunae in which osteocytes are present
(arrow heads). Note the External Circumferential Lamellae (arrow with bifid tail) &
there are Interstitial Lamellae -(star) (H&E x200); (MIDDLE) OVX non-treated-II
showing multiple osteolytic lesions (arrow heads) accompanied by deterioration of
bone microarchitecture (curved arrow). The outer fibrous layer of the periosteum is
separated (arrow with bifid tail). Area of bone necrosis is also seen (arrow). (H&E
x40) (LOWER) OVX non-treated group-II showing: Break in continuity of bone
(fracture) (star). Note the presence of many osteoclasts (curved arrows). Note the
presence of few osteocytes (arrow) with absence of well organized lamellated
appearance of bone matrix. (H&E x200).

periosteum. A small area of immature bone could also be seen
(Fig. 3).

Measurement of mean cortical thickness (Table 2) in the stud-
ied sections revealed a significant decrease in the OVX non-
treated group-Il compared to the Sham group-1. The mean cortical
thickness of the prophylactic group and the exenatide treated
group-I1Va or the vitamin D treated group-IVb showed a significant
reduction by 10.6%, 16.7% and 9.3% respectively compared to Sham
group-I and a significant increase by 38.7%, 29.4% and 40.9%
respectively compared to OVX non-treated group-Il. The highest
mean cortical thickness was observed in vitamin D group-IVb fol-
lowed by the prophylactic exenatide group-III.

The osteocyte number (Table 3) was significantly reduced in the
OVX non-treated group-II by 29% compared to Sham group-I. The
mean number of osteocytes of prophylactic group and the exe-
natide treated group or vitamin D treated group significantly
increased by 29%, 26% and 42% respectively compared to Sham
group-I, denoting active bone formation, while it showed a signif-
icant increase by 91%, 82.6% and 112%, compared to OVX non-
treated group-II.

The mean cortical thickness or osteocyte number were compa-
rable (p > 0.05) among the prophylactic group and the 2 treated
subgroups.

4. Discussion

Osteoporosis is a systemic skeletal disease characterized by
reduced bone mass, predisposing to fragility and fractures. It
affects an enormous number of people, of both sexes and all races,
and its prevalence will increase as the population ages [16].

The present work was designed to study the possible effects of
exenatide and vitamin D on experimentally-induced osteoporosis
in adult ovariectomized female albino rats. Vitamin D was chosen
as the standard traditional treatment for osteoporosis. Ovariec-
tomy model for induction of osteoporosis was mentioned by Kalu
[17] to be an ideal animal model for postmenopausal women'’s
bone loss in old age. In comparison to Sham group-I, the OVX
non treated group-Il showed a significant increase in the mean
serum level of BSALP, reduction in cortical thickness and number
of osteocytes in the examined rat femur bones with the appearance
of multiple osteolytic lesions, osteoporotic cavities, area of bone
necrosis, breaks in the continuity of bone (fracture) and appear-
ance of many osteoclasts, denoting detrimental effects on bone
density and the occurrence of osteoporosis. This is in agreement
with the findings of others [7,18-20]who reported marked
increase of bone turnover markers and worsening of bone histo-
morphometry after ovariectomy. Additionally, Shin et al. [21]
detected higher levels of BSALP eight weeks after ovariectomy in
rats indicating increased bone turnover due to menopause-in-
duced estrogen deficiency. Moreover, Biver and colleagues [22]
found the serum level of BSALP higher in osteoporotic rats com-
pared to controls. This could be explained by the depletion of
estrogen which largely can be prevented by estrogen replacement
[18]. The two most important cell types for bone homeostasis are
the bone-resorbing osteoclasts and the bone-forming osteoblasts.
Both cell types express estrogen receptors [20]. Ovariectomy
model in rats mimics estrogen deficiency in humans; this estrogen
deficiency increases osteoclast formation and therefore supports
bone resorption. Shortage of estrogen also induces apoptosis of
osteoblasts [23]. This leads to an imbalance between osteoblastic
bone formation and osteoclastic bone resorption, favoring bone
loss and resulting in marked osteoporotic changes and bone frac-
tures [24].
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Fig. 2. A photomicrograph of the mid shaft of the femur of prophylactic exenatide group-III (LEFT) showing immature (woven) bone which display non organized lamellated
appearance (right angle arrows). There are many osteocytes (arrows) that randomly arranged. There is thickening in outer fibrous layer of the periosteum (arrow with bifid
tail). Note the presence of irregular endosteum lining the bone (spiral arrow) (H&E x100). (RIGHT) prophylactic exenatide group-IIl showing: Immature (woven) bone (right
angle arrows). There are many osteocytes (arrows) that are randomly arranged. Note the presence of irregular space (curved arrow) within the bone tissue (resorption canal)

near the endosteum. (H&E x200).

Singer and Eyre [25]claimed that after menopause bone resorp-
tion markers increase due to estrogen deficiency and bone forma-
tion markers increase as a compensatory mechanism to fill the
higher number of resorption cavities, and as a result, there is an
increase in their serum levels. Serum level of BSALP significantly
increased in postmenopausal women and in those who underwent
ovariectomy denoting the imbalance of bone homeostasis and the
development of osteoporosis [26]. The significant elevation of
BSALP in ovariectomized rats was reported by others [27,28].

Cortical and trabecular morphometric parameters and
histopathology of femur bones were severely altered by ovariec-
tomy with reduction of bone cortical thickness and osteocyte num-
ber, appearance of osteolytic lesions and derangement of the bone
Haversian system [27,28]. Also, Palumbo et al. [29] detected obvi-
ous bone mass reduction in ovariectomized rats. Similarly, Yoon
et al. [30] observed that cortical bone mineral density, cortical
thickness and osteocyte number were significantly lower in the
ovariectomized rats compared to normal control.

This study also showed that vitamin D treated rats showed a
significant reduction in serum level of BsALP and improvement of
bone histomorphometry parameters with the appearance of well
organized Haversian system and thickened periosteum compared
to OVX non treated group-II. Only small areas of immature bone
were seen. This is in agreement with the findings from other stud-
ies [31-33] who reported that treatment with vitamin D markedly
improved bone mineral density and cortical thickness in osteo-
porotic rats. This could be explained by the fact that inadequate
vitamin D intake over long periods of time can lead to bone dem-
ineralization. Vitamin D deficiency leads to decreased calcium
absorption and ultimately the release of calcium from the bones
in order to maintain circulating calcium concentrations. Continu-
ous bone turnover and resorption weakens the architecture of
bones and increases fracture risk via secondary hyperparathy-
roidism ultimately leading to the development of osteomalacia
and osteoporosis [32].

This study also showed that exenatide either as a prophylactic
or a treatment strategy in rats lead to a significant reduction in
serum level of BsALP and improvement of bone histomorphometry
parameters compared to OVX non-treated group-II. The improve-
ment of serum level of BSALP was even comparable to Sham
group-I. The examined sections showed many osteocytes randomly

arranged with the appearance of mature bone Haversian system.
This is in agreement with Yamada et al. [34]who mentioned that
GLP-1 receptor knockout mice had increased bone breakdown,
suggesting that the GLP-1 signaling pathway had an antiresorptive
effect. Nuche et al. [4] claimed that activation of GLP-1 receptors
has been shown to promote bone formation in streptozotocin-
induced type 2 diabetic and fructose-induced insulin resistant rats,
indicating an anabolic effect. Furthermore, Ma et al. [35] stated
that exenatide prevented the loss of bone mass in OVX rats,
enhanced bone strength, and prevented the deterioration of tra-
becular microarchitecture. They explained the anti-osteoporotic
effect of exenatide by the fact that it not only inhibited bone
resorption by increasing the osteoprotegerin (OPG)/receptor acti-
vator of NF-kB ligand (RANKL) ratio, but also promoted bone for-
mation. They added that exenatide had a direct dual anti-
osteoporotic effect in aging and estrogen deficiency-induced
osteopenia and that exenatide treatment dramatically increased
bone mineral density and protected against the deterioration of
trabecular bone structure. Furthermore in humans, it has been sug-
gested that aging lowers the levels of osteoblast differentiation and
enhances adipogenesis [36]. The differentiation of bone marrow
mesenchymal stem cells (BMMSCs) to osteoblasts or adipocytes
may be a crucial process in bone remodeling. GLP-1 receptors are
expressed on BMMSCs and stimulate their proliferation and differ-
entiation to osteoblasts and inhibit differentiation to adipocytes in
human. Thus, exenatide is claimed to promote osteogenesis and
suppress adipogenesis via its target receptor [37]. This is in con-
trast to Bollag et al. [38] who claimed that GLP-1 receptor agonists
have no effect on bone homeostasis as GLP-1 receptors were not
present on osteoblasts or osteoclasts.

Osteoporosis is characterized by decreased trabecular and corti-
cal bone formation relative to resorption, resulting in bone fragility
and increased risk of fractures. A limited number of approved ther-
apeutic molecules are available to activate bone formation. There-
fore, there is a need for anabolic drugs that promote bone matrix
formation [39]. With the emergence of novel antidiabetic treat-
ments, prospective studies are required to evaluate their effects
on bone health and identify which treatments may require
co-treatment with anti-osteoporosis medications [40]. Taking into
consideration its preferable mechanism of action, tolerability and
safety, exenatide has a promising potential as an alternative to
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Fig. 3. (UPPER) A photomicrograph of the mid shaft of the femur of exenatide treated
group-IVa showing an irregularity in the thickness of the bone containing immature
(woven) bone (right angle arrows). There are many osteocytes (spiral arrows) randomly
arranged. Note the presence of mature bone showing Haversian system formed of central
vascular canal (arrow) and concentrically arranged bone lamellae with osteocytes inside
their lacunae (arrow head). Note the presence of irregular endosteum (curved arrow). (H &
E x100). (MIDDLE) exenatide treated group-IVa showing immature (woven)bone (right
angle arrows). There are many osteocytes randomly arranged (spiral arrow). Note the
presence of Haversian system which is formed of Haversian Canal (arrow heads) and
concentrically arranged bone lamellae with osteocytes inside their lacunae (arrows).
Thickened outer fibrous layer of periosteum (arrow with bifid tail) can also be seen with
partial separation (H&E x 100). (LOWER) A photomicrograph of the mid shaft of the femur
of vitamin D treated group-IVb showing Haversian Canals (arrow heads) and concentrically
arranged bone lamellae around the Haversian canal with osteocytes inside their lacunae
(arrows). Thickened periosteum can also be seen (arrow with bifid tail). Note the presence
of a small area of an immature bone (right angle arrow). (H&E x100).

Table 2
Changes in the mean cortical thickness (um) in the different studied groups
(n =8/group).

Groups Cortical thickness (um) in studied groups
(n = 8/group)
Mean # SD % reduction % increase
compared tol compared to Il
I (Sham control) 581.02 £5.41 - 55.3%
I (OVX non-treated) 374.74 + 6.83° 36% -
III (prophylactic 519.02 £ 16.10*°  10.6% 38.7%
exenatide)
IVa (treated exenatide) 484.02 + 9.6™" 16.7% 29.4%
IVb (treated vitamin D)  527.77 +21.97*" 9.3% 40.9%

OVX: ovariectomized.
@ = Significant at p < 0.05 compared to Sham group-I.
b = significant at p < 0.05 compared to OVX non-treated group-II.

Table 3
Changes in the mean number of osteocytes in the different studied groups
(n = 8/group).

Groups Number of osteocytes in studied groups
(n=8/group)
Mean + SD % change % change

compared tol compared to Il

I (Sham control) 34.5+5.48 - 49%

II (OVX non-treated) 23.1+2.92° 29% -

11l (prophylactic exenatide) 44.1 +5.36™ 29% 91%

IVa (treated exenatide) 42.6+929™  26% 82.6%

IVb (treated vitamin D) 48.9+2.84™ 42% 112%

OVX: ovariectomized.
2 = Significant at p < 0.05 compared to Sham group-I.
b =significant at p < 0.05 compared to OVX non-treated group-II.

traditionally used anti-osteoporotic drugs. Exenatide improves tra-
becular bone mass by increasing bone formation and could protect
against the development of skeletal complications associated with
type Il diabetes mellitus [41].

In conclusion, exenatide represents a potentially promising pro-
tective and therapeutic tool in the management of postmenopausal
osteoporosis. Additionally, it can be deduced that exenatide, either
as a prophylactic or a treatment strategy possesses potent anti-
osteoporotic effects against osteoporosis-induced by ovariectomy
in rats. They are as effective as vitamin D for improving bone min-
eral density. This drug provides a new opportunity for developing
novel therapeutic approaches for treatment of osteoporosis. How-
ever, further clinical trials are needed to prove its effectiveness in
humans with osteoporosis. It is further recommended to deter-
mine the therapeutic effectiveness of use of exenatide in diabetic
patients with osteoporosis and to also investigate the effect of its
combination with other conventional drugs used for treatment of
osteoporosis especially in diabetic patients.
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