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Abstract: Background: A recent study showed that OVX-induced osteoporosis was reversed after injection of osteo-
blasts cultured from the bone marrow in rats. The present study evaluated the effect of injecting MSCs, osteoblasts,
and exosomes isolated from osteoblasts for the treatment of osteoporosis in the rabbit model. Methods: Osteopo-
rosis was created in 40 rabbits by performing ovareictomy at 6 months of age, and 1 mg/kg body weight of methyl
prednisolone sodium succinate was injected daily for 8 weeks. Animals were fed twice daily and were given water
ad libitum. MSCs and osteoblasts were grown from the bone marrow as per the methodology described earlier. From
osteoblasts, exosomes were extracted. After the 15th day, MSCs (Group 2), osteoblasts (Group 3), and exosomes
(Group 4) were injected into 5 animals each, and 0.5 ml of normal saline were injected into the control group (Group
1). After 12 weeks (11 months of age), all the animals were euthanized. The whole femur and the lumbar vertebrae
3-5 were dissected out and were subjected to radiological assessment using high-resolution peripheral quantitative
computerized tomography (HRpQCT). All parameters of the bone volume, trabecular number, thickness, and spacing
were assessed using SPSS (Statistical Package for the Social Sciences), version 21.0, Chicago, lllinois. A p value
of <0.05 was considered Statistically significant with a confidence interval (Cl) of 95%. Results: Structural indices
of the osteoblasts-injected animals were significantly better than the control group for the distal femur. The most
significant improvement was seen in the osteoblasts, MSCs, and exosomes group in that order. The p value of all
parameters was <0.0001 in the osteoblasts group, whereas the total and bone volume had a lower p value in the
MSCs group. In the osteoblasts group, the positive changes were similar in the distal femur and lumbar vertebrae,
but with MSCs and exosomes, the changes were more pronounced in the vertebral spine than the distal femur. Con-
clusions: This study shows that autologous bone marrow-derived osteoblasts have the robust influence of reversing
OVX-induced osteoporosis in rabbits.
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Introduction porotic-related fractures in Saudi Arabia are the
least-studied subject; hence, the real preva-
lence is still unknown. It was assessed that, by
2050, the lifetime cost of managing the fragility
fractures of femurs in Saudi Arabia may be

US$9.34 billion annually [7] due to the increas-

Secondary to the loss of estrogen, osteoporo-
sis occurs in the postmenopausal age group, in
which bone loss exceeds bone formation [1-4].
Osteoporosis is a serious metabolic bone dis-

ease in the world that causes enormous mor-
bidity and mortality due to fragility fractures
that are secondary to osteoporosis [5]. In the
US, the financial cost due to fragility fractures
was $22 billion in 2008, and this might have
increased much more since then [6]. The osteo-

ing prevalence of osteoporosis in the popula-
tion [8-12].

The world’s population is living longer compar-
ed to previous decades, and it has been report-
ed that this may increase in the near future [13,
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Table 1. The comparison between the control and the MSCs group

Parameter Control Group MSCs Group P Value
Total Volume (TV. mm”3) (VOX) 324.761+2.547 359.349+24.485 0.007
Bone Volume (TV mm”3) (VOX) 14.308+2.224 16.845.08 0.07
BV/TV (Vox) Relative Bone Volume (%) 0.044+0.007 0.47+0.01 0.001
Trabecular Number [1/mm] (VOX) 0.303+0.032 0.498+0.066 0.01
Trabecular Thickness [1/mm] (VOX) 0.171+0.008 0.175+0.003 0.001
Connectivity density, normed by TV [1/mm”3] (VOX) 0.848+0.137 4.643+0.654 0.001
Trabecular separation = marrow Thickness [mm] (VOX) 3.087+0.154 1.364+0.453 0.001
Total Volume (Tmm”3) (TRI) 322.547+4.696 357.146+24.219 0.001
Bone Volume (TV. mm*3) (TRI) 14.260+1.540 16.729+5.158 0.001
TRI-BS 107.696+27.559 120.488+30.732 0.001
TRI-BS/BV 14.226+0.886 16.885+1.030 0.002
Trabecular number [1/mm] (TRI) 0.315+0.039 0.453+0.125 0.001
Trabecular Thickness [1/mm] (TRI) 0.062+0.002 0.135+0.009 0.001
Trabecular Spacing 3.060+0.215 0.590+0.119 0.001
VOX = Based on counting voxels; TRI = based on Triangularization of surface.

Table 2. Comparison between control and osteoblast for structural indices of distal femur

Parameter Control Group Osteoblast Group P Value
Total Volume (TV. mm”3) (VOX) 324.761+2.547 89.673+15.504 0.001
Bone Volume (TV mm”3) (VOX) 14.308+2.224 29.667+1.141 0.001
BV/TV (Vox) Relative Bone Volume (%) 0.044+40.007 0.691+0.071 0.001
Trabecular Number [1/mm] (VOX) 0.303+0.032 0.511+0.29 0.001
Trabecular Thickness [1/mm] (VOX) 0.171+0.008 2.631+0.461 0.001
Connectivity density, normed by TV [1/mm”3] (VOX) 0.848+0.137 5.30+0.369 0.001
Trabecular separation = marrow thickness [mm] (VOX) 3.087+0.154 1.124+0.186 0.001
Total Volume (Tmm”3) (TRI) 322.547+4.696 456.241+15.50 0.001
Bone Volume (TV. mm*3) (TRI) 14.260+1.540 19.224+7.27 0.001
TRI-BS 107.696+27.559 176.055+£12.024 0.001
TRI-BS/BV 14.226+0.886 15.619+1.074 0.001
Trabecular number [1/mm] (TRI) 0.315+0.039 0.510+0.24 0.001
Trabecular Thickness [1/mm] (TRI) 0.062+0.002 0.148+0.009 0.001
Trabecular Spacing 3.060+0.215 0.427+0.127 0.001

VOX = Based on counting voxels; TRl = based on Triangularization of surface.

14]. The increased longevity of the Saudi Ara-
bian population is no different from the rest of
the world. The increased care for osteoporosis
patients in the coming years will add to the
economic burden. The management of osteo-
porosis and fragility fractures prevention has
remained the same since the last decade, and
we still rely on old medications with complica-
tions [15-20]. The new approach to treating
osteoporosis with customized treatment by
stem cell therapy was achievable in animal
studies and showed promising results in ex-
perimental animals [21-24].
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The aim of this study is to assess the effect
of MSCs, osteoblasts, and exosomes derived
from osteoblasts in the rabbit model.

Methods

Institutional Review board of the Imam Abdul-
Rahman Bin Faisal University, Dammam, Saudi
Arabia gave the ethical approval and the dean-
ship of the scientific research funded this stu-
dy. Osteoporosis was induced in 40 rabbits by
performing ovareictomy at 6-month age and
1 mg/kg body weight of methyl prednisolone
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Table 3. Comparison between control and exosome for structural indices of distal femur

Parameter Control Group Exosome Group P Value
Total Volume (TV. mm”3) (VOX) 324.761+2.547 287.513+2.909 0.1
Bone Volume (TV mm”3) (VOX) 14.308+2.224 14.214+1.630 0.1
BV/TV (Vox) Relative Bone Volume (%) 0.044+0.007 0.28+0.005 0.01
Trabecular Number [1/mm] (VOX) 0.303+0.032 0.369+0.05 0.01
Trabecular Thickness [1/mm] (VOX) 0.171+£0.008 0.100+0.008 0.1
Connectivity density, normed by TV [1/mm”3] (VOX) 0.848+0.137 0.885+0.109 0.1
Trabecular separation = marrow thickness [mm] (VOX) 3.087+0.154 0.933+0.137 0.001
Total Volume (Tmm”3) (TRI) 322.547+4.696 181.508+2.878 0.1
Bone Volume (TV mm*3) (TRI) 14.260+1.540 14.202+6.128 0.1
TRI-BS 107.696+27.559 118.503+£19.062 0.1
TRI-BS/BV 14.226+0.886 12.750+£1.522 0.1
Trabecular number [1/mm] (TRI) 0.315+0.039 0.310+0.030 0.1
Trabecular Thickness [1/mm] (TRI) 0.062+0.002 0.101+£0.003 0.01
Trabecular Spacing 3.060+0.215 0.966+0.233 0.1

VOX = Based on counting voxels; TRI = based on Triangularization of surface.

sodium succinate was injected daily for 8
weeks. Animals were fed twice daily as well as
water ad libitum. Autologous bone marrow was
used to isolate MSCs, and osteoblasts were
separated as described [25]. Osteoblasts exo-
somes were extracted as described earlier [1].
On 15™" day, 106 cells in 0.5 mL normal saline of
MSCs (Group 2) and osteoblasts (Group 3) were
respectively injected, in the exosomes (Group
4) 100 pg protein and in the control 0.5 ml of
normal saline was injected in the saphenous
veins.

At 12 weeks (11 months of age), all the ani-
mals were euthanized. The whole femur, Lum-
bar 3-5™" vertebrae were dissected out and
were subjected to radiological assessment
using High Resolution peripheral quantitative
computerized tomography (HRpQCT). All the
parameters of the bone volume, trabecular
number, thickness and spacing were assess-
ed using the VOX = Based on counting voxels;
TRI = based on Triangularization of surface.
Statistical analysis was performed using the
Statistical Package for Social Sciences soft-
ware, version 21.0 (SPSS Inc, Chicago, IL, USA).
Data was presented as a mean standard de-
viation (£SD). HRpQCT analysis was taken into
consideration for each sample and was repro-
ducible; a coefficient of variation (CV) was cal-
culated as the standard deviation of the three
repeated measurements divided by the sub-
ject mean. Moreover the precision error was
calculated as root-mean-square (RMS) averag-
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es for each of samples and each parameter
assessed. A p value of <0.05 was considered
statistical significant with Confidence Interval
(Cl) of 95%. As a standard policy of the Imam
AbdulRahman Bin Faisal University all the stud-
ies are monitored by The Monitoring Office for
Research and Research Ethics (MORRE) which
is instituted by the Ministry of Higher Education,
Kingdom of Saudi Arabia.

Results

Osteoblast-treated animals had significant po-
sitive differences in most of the parameters
compared to the control group. Table 1 gives
the comparison of the control to the MSCs
group. Most the parameters were significant
but the osteoblasts group had a highly signifi-
cant p value between <0.001 to <0.0001.
(Table 2). The exosomes group was only signifi-
cant in trabecular number and trabecular sepa-
ration (Table 3).

MSCs group was weakly significant in half of
the parameters compared (Table 4).

While osteoblast group was again highly sig-
nificant in all parameters between p<0.01 to
<0.0004 (Table 5). For the exosome group
(Table 6), most of the parameters were signifi-
cant except the total volume and relative bone
volume and bone surface assessed.

Figure 1 shows the HRpQCT for 4 groups of
the distal femur. In the control group, the num-
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Table 4. Comparison between Control and MSCs for structural indices of lumbar spine

Parameter Control Group MSCs Group P value
Total Volume (TV. mm”3) (VOX) 21.251+5.980 28.352+1.450 0.001
Bone Volume (TV. mm”3) (VOX) 2.446+0.783 2.7761£0.424 0.001
BV/TV (Vox) Relative Bone Volume (%) 0.086+0.028 0.098+0.015 0.01
Trabecular Number [1/mm] (VOX) 0.996+0.002 1.339+0.387 0.01
Trabecular Thickness [1/mm] (VOX) 0.105+0.009 0.114+0.027 0.3
Connectivity density, normed by TV [1/mm”3] (VOX) 1.949+0.486 4.850+£2.907 0.001
Trabecular separation = marrow thickness [mm] (VOX) 1.024+0.052 0.795+0.0280 0.02
Total Volume (Tmm”3) (TRI) 21.936+1.101 27.943+0.002 0.001
Bone Volume (TV. mm”~3) (TRI) 2.392+0.792 2.732+0.424 0.01
TRI-BS 41.725+£13.101 60.761+17.74 0.001
TRI-BS/BV 17.711+£1.635 21.951+4.025 0.001
Trabecular number [1/mm] (TRI) 0.747+0.181 1.087+0.318 0.008
Trabecular Thickness [1/mm] (TRI) 0.083+0.03 0.093+0.017 0.09
Trabecular Spacing 1.266+0.345 0.898+0.314 0.004
VOX = Based on counting voxels; TRI = based on Triangularization of surface.

Table 5. Comparison between control and osteoblast for structural indices of lumbar spine
Parameter Control Group Osteoblast Group P Value
Total Volume (TV. mm”3) (VOX) 21.251+5.980 29.592+4.317 0.001
Bone Volume (TV. mm”3) (VOX) 2.446+0.783 4.367+2.363 0.001
BV/TV (Vox) Relative Bone Volume (%) 0.086+0.028 0.154+0.083 0.01
Trabecular Number [1/mm] (VOX) 0.996+0.002 1.553+0.651 0.01
Trabecular Thickness [1/mm] (VOX) 0.105+0.009 0.130+0.013 0.0002
Connectivity density, normed by TV [1/mm”3] (VOX) 1.949+0.486 6.371+4.910 0.001
Trabecular separation = marrow thickness [mm] (VOX) 1.024+0.052 0.727+0.385 0.03
Total Volume (Tmm”3) (TRI) 21.936+1.101 31.945+0.001 0.001
Bone Volume (TV. mm”~3) (TRI) 2.392+0.792 4.301+6.157 0.001
TRI-BS 41.725+13.101 113.65+15.90 0.001
TRI-BS/BV 17.7114£1.635 19.852+7.217 0.01
Trabecular number [1/mm] (TRI) 0.747+0.181 1.390+0.0642 0.001
Trabecular Thickness [1/mm] (TRI) 0.083+0.03 0.117+0.011 0.0004
Trabecular Spacing 1.266+0.345 0.750£0.409 0.003

VOX = Based on counting voxels; TRI = based on Triangularization of surface.

ber of trabeculae is fewer and quantity of bone
is less compared to MSCs treated, Osteoblasts
and exosome treated rabbits. HRpQCT scans
for Lumbar Spine for four Groups. In the control
group, the number of trabeculae is fewer and
quantity of bone is less compared to MSCs
treated, Osteoblasts and exosome treated rab-
bits. The maximum bone quantity was observed
in the osteoblasts group (Figure 2).

Discussion
This study shows a reversal of osteoporosis in

rabbits using bone marrow-derived MSCs, o0s-
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teoblasts, and osteoblast-derived exosomes.
The effect was robust in the osteoblasts the-
rapy when compared to the MSCs and osteo-
blast-derived exosomes. Exosome was the le-
ast effective in the reversal of osteoporosis. In
the exosomes group, it appears that 100 ug
protein extracted from the osteoblasts injected
may not be enough for complete reversal of
osteoporosis, as seen in the osteoblasts group.

Complications of osteoporosis in terms of fra-
gility fractures are still causing a worldwide
health care issue in the aging population [26,
27]. Oral medications for osteoporosis are very

Am J Transl Res 2021;13(6):6175-6181
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Table 6. Comparison between control and exosome for structural indices of lumbar spine

Parameter Control Group Exosome Group P value
Total Volume (TV. mm”3) (VOX) 21.251+5.980 23.004+6.644 0.42
Bone Volume (TV. mm”3) (VOX) 2.446+0.783 3.304+0.003 0.001
BV/TV (Vox) Relative Bone Volume (%) 0.086+0.028 0.117+0.033 0.5
Trabecular Number [1/mm] (VOX) 0.996+0.002 1.130+0.145 0.008
Trabecular Thickness [1/mm] (VOX) 0.105+0.009 0.132 £0.002 0.001
Connectivity density, normed by TV [1/mm”~3] (VOX) 1.949+0.486 4.127+0.125 0.001
Trabecular separation = marrow thickness [mm] (VOX) 1.024+0.052 0.889+0.129 0.01
Total Volume (Tmm”3) (TRI) 21.936+1.101 27.678+6.591 0.001
Bone Volume (TV mm”3) (TRI) 2.392+0.792 3.237+1.011 0.01
TRI-BS 41.725+£13.101 63.451+0.935 0.001
TRI-BS/BV 17.711+1.635 19.605+0.257 0.1
Trabecular number [1/mm] (TRI) 0.747+0.181 1.135+0.017 0.001
Trabecular Thickness [1/mm] (TRI) 0.083+0.03 0.102+0.001 0.001
Trabecular Spacing 1.266+0.345 0.779+0.014 0.001

VOX = Based on counting voxels; TRI = based on Triangularization of surface.

Control Group

Figure 1. HRpQCT scans for Distal femur for four Groups. In the control
group, the number of trabeculae was fewer and quantity of bone was less
compared to MSCs treated, Osteoblasts and exosome treated rabbits. The
maximum bone quantity was observed in the osteoblasts group.

effective, but the compliance is quite bad [28,
29]. Drugs do not work if they are not taken,
and this leads to an increase in the incidence
of fragility fractures [30, 31]. One way to pre-
vent the escalating numbers of fragility frac-
tures is to develop newer, safer, and less-ex-
pensive medications with minimal complica-
tions. The new approach to treat osteoporosis
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MSCs Group

with bone marrow-derived os-
teoblast therapy in animals
appears promising.

The US FDA issued in 1994
[32] and the 2016 [33] guide-
lines for preclinical and clini-
cal evaluation of agents in the
treatment and prevention of
postmenopausal osteoporosis
have suggested two animal
models (e.g., a rodent (rat) and
a non-rodent larger animal) in
which the efficacy and safety
can be demonstrated. This st-
udy has shown the effect of
osteoblasts in rats [21, 22].
Rabbits were used in this stu-
dy, and the effect was similar
and positive.

This study was limited by the
fact that a larger animal (i.e.,
sheep) should have been used
to assess the reversal of os-
teoporosis because its bone
loss with an estrogen deficiency is quite similar
to that of women and is proven to be ideal [34,
35]. As strength, the study used a smaller
mammal, and the researchers made sure that
total osteoporosis was induced with OVX in
addition to methyl prednisolone injections to
block the extra ovarian estrogen. The present
and previous studies in rats have confirmed

Am J Transl Res 2021;13(6):6175-6181
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Control Group

MSCs Group

Exosome Group

Figure 2. HRpQCT scans for Lumbar Spine for four Groups. In the control
group the number of trabeculae are few in number and quantity of bone is
less compared to MSCs treated, Osteoblasts and exosome treated rabbits.
The maximum bone quantity was observed in the osteoblasts group.

that it is time to start thinking about monitoring
bone mineral density and bone-turnover mark-
ers in phase | human trials in order to test the
efficacy of autologous-derived osteoblasts.
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