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The anabolic effect of physical exercise on osseous tissue is related to mechanical effort, leading
to the osteogenic response by causing dynamic changes, which stimulate osteocytes through fluid
shifts in their canalicular network. They produce signaling molecules that regulate bone formation
and absorption by osteoblast and osteoclasts.

To study the effect of 8-week exercise training programs on the histomorphometry of male rat
femur bone including weight, length, thickness and the bone formation biomarker (osteocalcin).
The study was done in the labs of College of Medicine, Al-Nahrain University, from September
2019 to February 2020. A thirty adult healthy male rat (albino rat), were selected and divided into
three groups; the group (A) of rats with exercise training programs of treadmill running, for 8
weeks. The control group, (B) were kept under free movements without exercise. The group (C)
was kept under restricted movements in small cages. Tail blood sample were obtained twice from
all animals; at zero day and after 8 weeks, for measurement of osteocalcin. Then after 8 weeks all
animals were sacrificed and dissected for extraction of femoral bone for measuring bone length,
weight, thickness and bone ultrastructure under light microscope by staining with hematoxylin
and eosin.

The osteocalcin, femoral bone weight, length, thickness, haversian thickness and lamellar
thickness showed significant increase in value of group A in comparison to group B and group C
which show a significant decrease in femoral bone thickness, haversian thickness, lamellar
thickness, and osteocalcin level.

Exercise training has an anabolic effect on bone, in contrast to restriction movement that cause
catabolic effect on bone. Osteocalcin increases with exercise and could be used as a marker in
monitoring the exercise program therapy.

Femoral bone weight, length, thickness, haversian thickness, lamellar thickness, osteocalcin
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List of abbreviations: DEXA = Dualenergy Xray  The feature that distinguishes bone from other

absorptiometry, ELISA = Enzyme linked immunosorbent assay, RE =
Resistant Exercise, TNF = Tumor necrotic factor

Introduction

connective tissues is the mineralization of its
matrix, which produces an extremely hard
tissue capable of providing support and
protection. The mineral is calcium phosphate in

one is a specialized form of connective  tpa form of apatite crystals [Ca0(POa)s(OH)z]. By

tissue that, like other connective tissues,
consists of cells and extracellular matrix.

virtue of its mineral content, bone also serves as
a storage site for calcium and phosphate (.
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Both calcium and phosphate can be mobilized
from the bone matrix and taken up by the blood
as needed to maintain appropriate levels
throughout the body. Thus, in addition to
support and protection, bone plays an
important secondary role in the homeostatic
regulation of blood calcium levels. Bone matrix
contains mainly type | collagen along with other
matrix (non-collagenous) proteins. The major
structural component of bone matrix is type |
collagen and, to a lesser extent, type V collagen.
Trace amounts of other types such as type llI, XI,
and XIII collagens have also been found in the
matrix . All collagen molecules constitute
about 90% of the total weight of the bone
matrix proteins. The matrix also contains other
matrix  (non-collagenous) proteins  that
constitute the ground substance of bone. As a
minor component of bone, constituting only
10% of the total weight of bone matrix proteins,
they are essential to bone development,
growth, remodeling, and repair ). Bone matrix
contains lacunae connected by a network of
canaliculi. Within the bone matrix are spaces
called lacunae (sing., lacuna), each of which
contains a bone cell, or osteocyte .

The osteocyte extends numerous processes into
small tunnels called canaliculi. Canaliculi course
through the mineralized matrix, connecting
adjacent lacunae and allowing contact between
the cell processes of neighboring osteocytes. In
this manner, a continuous network of canaliculi
and lacunae-containing cells and their processes
is formed throughout the entire mass of
mineralized tissue. Bone tissue depends on the
osteocytes to maintain viability. In addition to
osteocytes, four other cell types are associated
with bone ). Osteoprogenitor cells are cells
derived from mesenchymal stem cells; they give
rise to osteoblasts. Osteoblasts are cells that
secrete the extracellular matrix of bone; once
the cell is surrounded with its secreted matrix, it
is referred to as an osteocyte. Bone-lining cells
are cells that remain on the bone surface when
there is no active growth. They are derived from
those osteoblasts that remain after bone
deposition ceases (®). Osteoclasts are bone-

resorbing cells present on bone surfaces where

bone is being removed or remodeled
(reorganized) or where bone has been
damaged. Osteoprogenitor cells and

osteoblasts are developmental precursors of
the osteocyte. Osteoclasts are phagocytotic
cells derived from fusion of hemopoietic
progenitor cells in bone marrow that give rise to
the neutrophilic granulocyte and monocyte
lineages.

The anabolic effect of physical exercise on
osseous tissue is related to mechanical effort,
although the osteogenic response may also be
influenced by other factors 7). Physical loads
associated with exercise impact bone mass and
structure by causing dynamic changes to local
mechanical conditions, which stimulate resident
osteocytes through fluid shifts in their
canalicular network. These osteocytes then
produce signaling molecules that regulate bone
formation and absorption by osteoblast and
osteoclasts ®). Bone tissue has an intrinsic
“mechanostat” that regulates functional
adaptation to stresses 9,

Bone mass can be measured well by
densitometry; however, it is more difficult to
accurately examine bone structure and strength
in live tissue. Some substances produced during
bone remodeling are specific biochemical
markers of bone metabolism. Products of active
osteoblasts can serve as markers of bone
formation; serum concentrations of these
markers reflect osteoblast function during
specific phases of bone formation (10,
Coordination, self-assurance, and appropriate
muscular strength help to prevent falls and
preserve bone mass by stimulating bone
formation and reducing bone resorption (1),
Training programs aimed at preserving bone
health should incorporate three basic
components: 1) impact exercise, such as brisk
walking or jogging; 2) strength training with
weights; and 3) balance training, while lower-
impact exercises, such as walking, have minimal
effects on density 2. In contrast to aerobic
exercise training, resistance training may have
more profound site-specific effects on bone,

146

580



and progressive resistance training has further
advantages in patients with osteoporosis due to
the resulting improvements in muscle strength,
mass, and balance 2. The bone matrix proteins
produced by the osteoblast include calcium-
binding proteins such as osteocalcin. Circulating
levels of osteocalcin are used clinically as
markers of osteoblast activity.

The objective of this study is to study the effect
of 8-week exercise training programs on the
histomorphometry of femur bone including
weight, length, and thickness, in addition to
study the effect of 8-week exercise training
programs on the bone formation biomarker
(osteocalcin).

Methods
The study was done in the labs of College of
Medicine,  Al-Nahrain University,  from

September 2019 to February 2020. A thirty
adult healthy male rat (albino rat), were
selected, weighing 200-220 g whom age (2-4)
months from animal house.

Animals were divided into three groups; the first
group of 10 rats (group A) were the exercise

Iraqi JMS 2020; Vol. 18(2)

sample with exercise training program of
treadmill running, 1200 cm/min training for one
hour per day, five days per week and for 8 weeks
(by the treadmill shown in the figure 1). The
second 10 rats (group B) were the control group
whom kept under free movements without
exercise. The third 10 rats (group C) were having
restricted movements. The rats were housed in
clean polypropylene cages having five rats per
cage except third group where were housed in
five small cages; two rats per cage to restrict
their movement. The rats were given standard
diet and water throughout the experimental
period. At zero-day blood samples were
obtained from the tail of all groups for serum
separation by centrifuge and stored, this sample
was regarded as Al, B1 and C1. Then after 8
weeks, another tail blood sample were obtained
for serum separation and storage, thus the A1,
B1 and C1 groups were regarded as A2, B2 and
C2 groups respectively. The animals were
euthanized by inhalation of chloroform in
soaked cotton piece in airtight chamber for 3-5
min.

Figure 1. The treadmill used in the exercise training (13

Then, the animal was set on anatomical stage on
dorsal position and fixed the four limbs on

dissecting table. Median incision through thigh
was done by using scalpel and scissor (figure 2).

[@locle]

147



Musleh et al, Effect of Exercise Program on Osteocalcin and Bone Histomorphometry

With a fine scissor was used to dissecting the
whole femoral bone from the thigh (figure 3).
Both femurs were extracted and immersed
immediately in to 10% neutral buffered
formalin. After cleaning of the femur from all

soft tissues, measurement of the weight, length
and thickness were done. Then further
histological procedure was done so that to
obtain paraffin block of specimens for
histological assessment.

' S
- i |
.m-l

Figure 2. Dissection and extraction of femoral bone from the thigh

Figure 3. Dissection and extraction of femoral bone from the thigh

The effect of 8-week exercise training programs
on the histomorphometry of femur bone
including weight which was measured by
electronic balance, length and thickness, which
were measured by vernier caliper (figure 4), in
addition to lamellar thickness, haversian
thickness which were measured histologically
using light microscope and Digital Image
Analysis Software. Osteocalcin was measured

using serum for enzyme linked immunosorbent
assay (ELISA) method.

Statistical analysis

The statistical package for social sciences (SPSS)
version 19 were used for all statistical analyses.
The data are expressed as mean and standard
deviation. P value at < 0.05 was regarded as
significant.
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Figure 4. Vernier caliper used for measuring the femoral bone length and thickness

Results

The mean level of weight of group A2
(0.68+0.06) g was higher than group B2
(0.54+0.11) g, this difference was statistically
significant (P value < 0.05). The mean level of
length among group A2 (3.53%0.23) cm was
higher than group B2 (3.21+0.1) cm, this relation
was statistically significant (P value < 0.05). The
mean level of bone thickness among group A2
(3.05+£0.22) mm was higher than group B2

(2.74+0.2) mm, this difference was statistically
significant (P value < 0.05). Histologically, the
mean level of lamellar thickness among A2
group (164.66+8.5) Um was higher than group
B2 (158.53+3.48) um, this difference was
statistically significant. The mean level of
Haversian thickness among A2 group
(113.35+12.17) pm was higher than group B2
(93.6£26.26) um, this relation was statistically
significant (Table 1).

Table 1. Comparison of morphometric and histomorphometric measurements between group
A2 and group B2

Parameter Study groups Mean Std. Deviation P value
. A2 0.68 0.06
Weight (g) B2 0.54 0.1 0.002
A2 3.53 0.23
Length (cm) 82 391 0.10 0.001
. A2 3.05 0.22
Thickness (mm) B2 5 74 0.20 0.004
Lamellar thickness A2 164.66 8.50 0.04
(Um) B2 158.53 3.48 '
Haversian thickness A2 113.35 12.17 0.045
(Um) B2 93.60 26.26 '

P value is significant at < 0.05, g=gram, cm=centimeter, mm=milliliter, pLm=microliter

The mean level of femoral bone length among
group A2 (3.53+0.23) cm was higher than group
C2 (3.12+0.11) cm, this difference was
statistically significant. The mean level of
femoral bone thickness among group A2
(3.054£0.22) mm was higher than group C2

(2.39+0.38) mm, this difference was statistically
significant. The mean level of lamellar thickness
among A2 group (164.66%8.5) um was higher
than group C2 (145.36+10.6) um, this difference
was statistically significant. The mean level of
Haversian thickness among A2 group
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(113.35+12.17) um was higher than group C2
(55.01£21.26) pm, this difference was
statistically significant (Table 2).

Table 2. Comparison of morphometric and histomorphometric measurements between group

A2 and group C2

Parameter Study groups Mean Std. Deviation P value

Weight (g) 'g ggi 882 0.0001

Length (cm) 'é; ;ii gﬁ 0.0001
Thickness (mm) é; ggg 8;2 0.0001
Lamelle(wﬁ;h;ckness ,g 1215122 186%56 0.0001
Haver5|?:r;f)nckness ég 15153_6315 ;i;é 0.0001

P value is significant at < 0.05, g=gram, cm=centimeter, mm=milliliter, ptlm=microliter
The mean level of weight of group B2 Histologically, the mean level of lamellar

(0.54+0.11) g was almost equal to group C2
(0.54+0.04) g. The mean level of length among
group B2 (3.21+0.1) cm was higher
insignificantly than group C2 (3.12+0.1) cm, (P
value > 0.05). The mean level of bone thickness
among group B2 (2.74+0.2) mm was higher than
group C2 (2.39+0.38) mm, this difference was
statistically significant (P value <0.05).

thickness among B2 group (159.33%433) um
was higher than group C2 (145.36+10.6) um,
this difference was statistically significant (P
value <0.05). The mean level of Haversian
thickness among B2 group (93.60£26.26) um
was significantly higher than group B2
(55.01421.26) um, (P value <0.05) (Table 3).

Table 3. Comparison of morphometric and histomorphometric measurements between group
B2 and group C2

Parameter Study groups Mean Std. Deviation P value
. B2 0.54 0.11
Weight (g) ) 0.54 0.04 0.9
B2 3.21 0.10
Length (cm) - 312 0.10 0.09
. B2 2.74 0.20
Thickness (mm) - 5 39 0.38 0.01
Lamellar thickness B2 159.33 4.33 0.001
(um) C2 145.36 10.60 '
Haversian thickness B2 93.60 26.26 0.002
(Um) C2 55.01 21.26 '

P value is significant at < 0.05, g=gram, cm=centimeter, mm=milliliter, lm=microliter
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The means of all the morphometric and
histomorphometric measurement of the three
study groups are illustrated in the figures 5 and
6.

3.53

WEIGHT (G) LENGTH (CM) THICKNESS (MM)

BA2 mB2 mC2

Figure 5. The morphometric measurements among group A2, B2 and C2 groups

180
160 - 16466 15463

LAMELLAR THICKNESS HAVERSIAN THICKNESS

BA2 mB2 mC2

Figure 6. The histomorphometric measurements among group A2, B2 and C2
groups

The mean level of Osteocalcin (11.52+1.48) (6.86%4.81) ng/ml, this difference was
ng/ml among group A2 was higher than Al statistically significant. The mean level of
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osteocalcin (6.1£1.28) ng/ml among group B2 among group C2 was less than C1 (6.68+1.69)
was higher than Bl (6.92+1.49) ng/ml, this ng/ml, this relation was statistically significant.
relation was statistically non-significant. The (Table 4).

mean level of osteocalcin (5.20£0.79) ng/ml

Table 4. Comparison of osteocalcin before and after 8-week exercise in the three

study groups

Parameter Study groups Mean Std. Deviation P value

Al 6.86 4.81

A2 11.52 1.48 0.009
Osteocalcin B1 6.92 1.49 0.2

(ng/ml) B2 6.10 1.28 '
C1 6.68 1.69
C2 5.20 0.79 0.02

P value is significant at < 0.05, ng/ml=nanogram/milliliter

The mean level of osteocalcin among A2 group  significantly higher than group C2 (5.210.8)
(11.52+1.48) ng/ml was higher than group B2 ng/ml (Table 6). While there is no statistical
(6.1¢1.28) ng/ml, this difference was difference in the mean level of ostoecalcin
statistically  significant (Table 5), also between group B2 and C2 (Table 7).

Table 5. Comparison of osteocalcin between group A2 and group B2

Parameter Study groups Mean Std. Deviation P value
Osteocalcin A2 11.52 1.48
(ng/ml) B2 6.10 1.28 0.0001

P value is significant at < 0.05, ng/ml=nanogram/milliliter

Table 6. Comparison of osteocalcin between group A2 and group C2

Parameter Study groups Mean Std. Deviation P value
Osteocalcin A2 11.52 1.48
(ng/ml) C2 5.20 0.79 0.0001

P value is significant at < 0.05, ng/ml=nanogram/milliliter

Table 7. Comparison of osteocalcin between group B2 and group C2

Parameter Study groups Mean Std. Deviation P value
Osteocalcin B2 6.10 1.28 0.07
(ng/ml) C2 5.20 0.79 '

P value is significant at < 0.05, ng/ml=nanogram/milliliter
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Discussion

The femoral bone net weights, length, bone
thickness, lamellar thickness and Haversian
thickness of the exercise group in the present
study, revealed a significant increase in their
values in comparison to other groups (control
and restricted groups) as well as in control
group as compared to restricted one This is in
agreement with other researchers who found
that exercise and training has been
recommended as a promising therapeutic
strategy to encounter the loss of bone and
muscle mass due to osteopenia and sarcopenia.
They concluded that stimulation of the
osteogenesis in order to increase the bone
mass, bone tissues must be exposed to
mechanical load exceeding those experienced
during daily living activities. The over exercise of
the several exercise trainings programs, is
known to be highly beneficial for the
preservation of bone and muscle mass. They
summarized that the mechanisms of over
exercise for the preservation of bone and
muscle mass and supports the clinical evidences
for the use of other form of resistant exercise
(RE) as a therapeutic option in osteopenia and
sarcopenia 1), certain researchers found that
the long-term bedridden patients tend to had
reduced bone mineral density with greater
predicting for bones fractures. They concluded
that unique bone metabolic abnormalities were
found in patients who had been bedridden for
long periods, and these metabolic abnormalities
were altered by further bed confinement (1),

In the present study, found that there was a
marked increase in serum osteocalcin level in
the exercise group after 8-week exercise
program protocol in comparison to the pre-
exercise period, restricted and even the control
group that recorded low value. This result
agrees with other researchers who found that
the with an aging population, which has little
and limited diurnal movements, and there was
a marked increase in prevalence of metabolic
bone diseases, especially osteoporosis as a
consequence of these conditions (10,

Up to now, several roles of osteocalcin have
been revealed and current reports, which are
mainly based on murine and in vitro 7). Since

Iraqi JMS 2020; Vol. 18(2)

osteocalcin has been reported to regulate
glucose metabolism, which provides energy to
muscles during exercise, it may be involved in
the communication between these two tissues
(17) Initially, osteocalcin levels were found to
increase in mice and humans during exercise (@),
Furthermore, the Karsenty group demonstrated
that osteocalcin levels decline during aging,
coinciding with a diminished exercise capacity
and a decrease in muscle mass (19),

This study concluded that the mechanical
physical effects of muscles activities have
positive values on compact bone density and
thickness via measurement the gross
morphological and microscopically histological
evaluation procedures of the bones, in contrast
to restriction movement that cause catabolic
effect on bone. Osteocalcin increases with
exercise and could be used as a marker in
monitoring the exercise program therapy.

Acknowledgement

Authors would like to thank the members of the
Departments of Anatomy and Physiology, Al-
Nahrain College of Medicine, for their
encouragement, advice and unforgetful help.

Author contribution

Dr. Musleh conducted the study, collected the
data, performed the statistical analysis and
drafting the manuscript. Dr. Hashim and Dr.
Jaafar contributed in the designing, organization
and finalization of manuscript.

Conflict of interest
There are no conflicts of interest.

Funding
Self-funded.

References

1. Mackie EJ. Osteoblasts: novel roles in orchestration of
skeletal architecture. Int J Biochem Cell Biol. 2003;
35(9): 1301-5. doi: 10.1016/s1357-2725(03)00107-9.

2. Leeming DJ, Henriksen K, Byrjalsen I, et al. Is bone
quality associated with collagen age? Osteoporos Int.
2009; 20(9): 1461-70. doi: 10.1007/s00198-009-0904-
3.

3. Ellegaard M, Bieler T, Beyer N, et al. The effect of 4
months exercise training on systemic biomarkers of
cartilage and bone turnover in hip osteoarthritis

[@locle]

153



Musleh et al, Effect of Exercise Program on Osteocalcin and Bone Histomorphometry

10.

11.

patients. Translat Sport Med. 2020; (3)1: 16-25. doi:
10.1002/tsm2.108.

Gehron Robey P. The biochemistry of bone.
Endocrinol Metab Clin North Am. 1989 Dec; 18(4):
858-902.

Meier C, Seibel MJ, Kraenzlin ME. Use of bone
turnover markers in the real world: are we there yet?
J Bone Miner Res. 2009; 24(3): 386-8. doi:
10.1359/jbmr.090104.

Ardawi MS, Rouzi AA, Qari MH. Physical activity in
relation to serum sclerostin, insulin-like growth factor-
1, and bone turnover markers in healthy
premenopausal women: a cross-sectional and a
longitudinal study. J Clin Endocrinol Metab. 2012;
97(10): 3691-9. doi: 10.1210/jc.2011-3361.

Maimoun L, Sultan C. Effect of physical activity on
calcium homeostasis and calciotropic hormones: a
review. Calcif Tissue Int. 2009; 85(4): 277-86. doi:
10.1007/s00223-009-9277-z.

Price JS, Sugiyama T, Galea GL, et al. Role of endocrine
and paracrine factors in the adaptation of bone to
mechanical loading. Curr Osteoporos Rep. 2011; 9(2):
76-82. doi: 10.1007/s11914-011-0050-7.

Bérard A, Bravo G, Gauthier P. Meta-analysis of the
effectiveness of physical activity for the prevention of
bone loss in postmenopausal women. Osteoporos Int.
1997; 7(4): 331-7. doi: 10.1007/BF01623773.

Wallace JD, Cuneo RC, Lundberg PA, et al. Responses
of markers of bone and collagen turnover to exercise,
growth hormone (GH) administration, and GH
withdrawal in trained adult males. J Clin Endocrinol
Metab. 2000; 85(1): 124-33. doi:
10.1210/jcem.85.1.6262.

Panel on Prevention of Falls in Older Persons,
American Geriatrics Society and British Geriatrics
Society. Summary of the Updated American Geriatrics
Society/British Geriatrics Society clinical practice
guideline for prevention of falls in older persons. ] Am
Geriatr Soc. 2011; 59(1): 148-57. doi: 10.1111/j.1532-
5415.2010.03234.x.

12.

13.

14,

15.

16.

17.

18.

19.

Guadalupe-Grau A, Fuentes T, Guerra B, et al. Exercise
and bone mass in adults. Sports Med. 2009; 39(6):
439-68. doi: 10.2165/00007256-200939060-00002.
Avin KG, Allen MR, Chen NX, et al. Voluntary wheel
running has beneficial effects in a rat model of CKD-
mineral bone disorder (CKD-MBD). J Am Soc Nephrol.
2019 Oct; 30(10): 1898-909. doi:
10.1681/ASN.2019040349.

Hong AR, Kim SW. Effects of resistance exercise on
bone health. Endocrinol Metab (Seoul). 2018 Dec;
33(4): 435-44. doi: 10.3803/EnM.2018.33.4.435.
Eimori K, Endo N, Uchiyama S, et al. Disrupted bone
metabolism in long-term bedridden patients. PLoS
One. 2016; 11(6): e0156991. doi:
10.1371/journal.pone.0156991.

Ahn N, Kim K. Effects of 12-week exercise training on
osteocalcin, high-sensitivity ~ C-reactive  protein
concentrations, and insulin resistance in elderly
females with osteoporosis. J Phys Ther Sci. 2016;
28(8): 2227-31. doi: 10.1589/jpts.28.2227.

Tsuka S, Aonuma F, Higashi S, et al. Promotion of
insulin-induced glucose uptake in C2C12 myotubes by
osteocalcin. Biochem Biophys Res Commun. 2015;
459(3): 437-42. doi: 10.1016/j.bbrc.2015.02.123.
Steensberg A, van Hall G, Osada T, et al. Production of
interleukin-6 in contracting human skeletal muscles
can account for the exercise-induced increase in
plasma interleukin-6. J Physiol. 2000; 529 Pt 1(Pt 1):
237-42. doi: 10.1111/j.1469-7793.2000.00237 .x.

Lin X, Parker L, Mclennan E, et al. recombinant
uncarboxylated osteocalcin per se enhances mouse
skeletal muscle glucose uptake in both extensor
digitorum longus and soleus muscles. Front Endocrinol
(Lausanne). 2017; 8: 330. doi:
10.3389/fend0.2017.00330.

Correspondence to Dr. Alaa M. Musleh
E-mail: alalmu31@gmail.com
Received Sep. 6" 2020
Accepted Dec. 6" 2020

154

580


https://doi/

