The Effect of Osteocyte Signalling on Osteocyte Apoptosis
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Background: Physical exercise has been known that is one of the ways to evoke mechanical stimulation that
can cause the change of the “strain”. The “strain” itself allows the converted mechanical signal to be a
biochemistry that can produce a biological response to bone cells. Objective: To show what the effect of
physical exercise of sub maximal intensity through “osteocyte signaling” towards “osteocyte apoptosis”.
Methods: The researcher believes that the randomized posttest only control group design can solve the
problem of this study. Moreover, 20 male white rats (experimental sample) were separated by the researcher
into the control group and a group that did physical exercise of sub maximal intensity. The exercise was
swimming (exercise: load 6% and intensity 80% three times a week). Results: These show that a group that
did physical exercise of submaximal intensity (8.60 + 3.27) lower than the control group (28.60 + 6.20), and
in terms of an independent sample test (osteocyte apoptosis), they show that there is a significant difference
between the two groups (p = 0.000). Conclusion: a group has “osteocyte signaling” can obstruct the group

(male white rats) has osteocyte apoptosis.

1 INTRODUCTION

The advancement of technology and science in the
modern era, besides having a positive impact, has
also had a negative one on human health in that it
has made people tend to reduce physical activity
(sport) (Lau et al, 2006). It is known that nationally
almost half of the Indonesian population aged > 10
years (48.2%) do physical activity less (Riskesdas
2007). Decrease in physical activity due to
technological advances is one of the factors causing
some chronic diseases, one of which is osteoporosis
(WHO, 2002). Osteoporosis is a condition in which
bone or bone density decreases and this increases
bone fragility with the higher risk of fractures
resulting in increased morbidity and mortality
(Siddapur, 2015).

Tom Lloyd (2003) reported that physical activity
is an important lifestyle factor in promoting bone
formation. Exercise is essential for bone density in
both men and women (Kemmler et al, 2002),
Yamazaki, 2004). Good bone density is needed to
reduce the risk of fractures in old age (Janz et al,
2001; Warden, 2006). Physical exercise is
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recommended to prevent fractures, one form of
which is swimming. Swimming activity will train
the upper and lower back muscles that can form
muscle mass to support bone endurance. The basic
principle of muscle strengthening is one of
overloading: "the overload principle" (Fox, 1993).
Weight training in water can reduce the risk of
fractures because load pressure can stimulate
increased bone density (Sidik, 2007). Research on
the effect of physical exercise of submaximal
intensity through osteocyte signalling in osteocyte
apoptosis needs to be done to determine the role of
physical exercise in bone density.

2 MATERIALS AND METHODS

The research is classified as a type of laboratory
experimental research using the research design of
the randomized post-test only control group design.
The experimental unit in this study used white male
rats aged 8-10 weeks weighing about 100-200
grams, 10 heads per group (two groups), so a total of
20 tails. Physical exercise of submaximal intensity
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in question is exercise in the form of swimming with
moderate intensity (load 6% weight). Rat training
time was 80% of the maximum time achieved by
every rat. Exercise was given once a day with a
frequency of three times a week for two weeks.
Groups that were not treated with physical exercise
remain conditioned in an environment exposed to
water. The osteocyte apoptosis index was calculated
in one field of view, up to as many as five fields of
view with the ‘DeadEnd™ Colormetric TUNEL
System.

3 RESULTS

The results were obtained in the form of an
osteocyte apoptosis index. For the each variable
group in the analysis with descriptive statistics,
Shapiro-Wilk normality test, homogeneity test and
different test with independent-sample t test. All
data was processed by using computer program
SPSS 20.0 for Windows with significance level of
0.05. Result of normality test using Shapiro-Wilk
and in each group showed (p > 0.05) is (K0) p =
0,767 and (K1) p = 0,948 meaning data of apoptosis
index normal distribution. The homogeneity test
obtained p value = 0,057 (p < 0.05), which means
variance in the osteocytes apoptosis index in each
group is homogeneous.

The measurement of the osteocyte apoptotic
index in the control group (KO) obtained mean and
standard deviation higher than the submaximal
physical exercise group (K1). After the independent
samples test, p = 0,000 (p < 0.05) was obtained,
meaning that there was significant difference
between the control group and the submaximal
intensity exercise group. Histological examination
results are as follows:

Figure 1: Histologic picture of osteocyte apoptosis (arrow)

with TUNEL staining (400 x enlargement). Group K1 (a)
and control (b).
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4 DISCUSSION

The result of the independent-sample t test showed
that there was a significant difference in the control
group with physical exercise of submaximal
intensity with p = 0,000. The mean values in the
submaximal exercise group had a higher mean than
the control group, so it can be concluded that the
submaximal physical exercise is better at inhibiting
osteocyte apoptosis. Davis (2001), states that the
shear stress due to physical exercise given to the
experimental animals can cause changes in
endothelial nitric oxide synthase (eNOS) expression.
Increased eNOS expression is the expected result for
nitric oxide (NO) production that plays a role in
stimulating osteoblasts and suppressing osteoclasts
in order to increase bone density (Becker, 2004).

NO is a toxic, short-lived compound, a freely
diffusing free radical gas molecule that affects
various biological functions (Venkatakrishnan,
2009). NO is a highly reactive molecule, making it
difficult to measure directly. NO is endogenously
produced in large quantities through enzymatic
pathways. The formation of NO through enzymatic
pathways is catalyzed by nitric oxide synthase
(NOS) through a series of redox reactions
accompanied by oxygen and nicotinamide adenine
dinucleotide phosphate (NADPH) presence. eNOS
synthesizes NO by oxidizing L-arginine to L-
citrulline by mono-oxygenation, this reaction
forming cyclic guanosine monophosphate. NADPH
is used for the formation of one NO molecule
(Luiking, 2010).

The osteocyte apoptosis index in the control
group showed a significant difference to compared
with the group that did physical exercise of
submaximal intensity group with p = 0,000. The
results can be interpretation as that submaximal
physical exercise has an influence to inhibiting the
occurrence of osteocyte apoptosis for male white
rats. Osteocytes (sensosensory cells) are the main
sensors of load received by bone, through
mechanical strains that flow in the lacunocanalicular
system (Wang, 2010). Osteocytes are the most
sensitive to fluid flow as it is caused by mechanical
loads. Osteocytes will have apoptosis when there is
no load. The loss of osteocytes will increase
resorption, due to the loss of inhibitory cells.
However, if the osteocytes receive a burden sensor,
then this cell apoptosis does not occur and induces a
signal that represses osteoclasts (Bergmann, 2011).

Mechanical loading of the bone (skeletal load)
results in mechanical stress and strain or resultant
tissue deformation resulting in bone formation
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effects and decrease bone turn over, which reduces
bone resorption (Bemben, 2000). Physical exercise
can cause mechanical loads on bone that stimulate
some physical signals so that osteocytes activate and
stimulate bone formation by osteoblasts, increase
osteoblast activity, and suppress osteoclast activity
(Bergmann, 2011). Mechanical loading is one
method of weight training with moderate intensity.
The mechanical loading applied to the bone tissue
will form an endogenous signal. The signals are
detected by the mechanosensoric system then
captured by the osteocytes to be converted into
biochemical signals to regulate bone turnover
(Yuliana, 2012).

S CONCLUSIONS

The physical exercise of submaximal intensity make
signalling osteocytes may inhibit osteocyte apoptosis
of the male rats (rattus norvegicus)

6 SUGGESTION

There is a need for further research with physical
exercise treatment with an intensity that is different
to the comparison. There is also a need to do
research using other biomarkers as a marker of bone
density, as supporting data.

REFERENCES

Basso, N., Heersche, J.N.M. 2006. Effects of Hind Limb
Unloading and Reloading on Nitric Oxide Synthase
Expression and Apoptosis of Osteocytes and
Chondrocytes. Bone. 39(4):807-814.

Becker, A., Nulend, J., Burger, E., 2004. Shear Stress
Inhibites while Disuse Promote Osteocyte, Biochem,
Bhiophisis Res Commun 320:1163-1168

Bemben, DA., Fetters, NL., Bemben, MG., Nabavi, N.,
Koh, ET. 2000. Musculoskeletal responses to high-
and low-intensity resistance training in early
postmenopausal women. Med Sci Sports Exerc;
32(11):1949-57.

Bergmann, P., Body, JJ., Boonen, S., Boutsen, Y.,
Devogelaer, JP., Goemaere, S., dkk. 2011. Loading
and Skeletal Development and Maintenance. Journal
of Osteoporosis. 1,15

Davis, ME., Cai, H., Drummond, GR., Harrison, DG.
2001. Shear stress regulates endothelial nitric oxide
synthase expression through c-Src by divergent
signaling pathways. Circ Res ;89(11):1073-80.

74

Fox KR. 1999. The influence of physical activity on
mental well-being. Public Health Nutr ;2(3A):411-8.

Fox, El., Bowers, B.W., Foss, M. 1993. The Physiological
Basis for Exercise and Sport. New York: W.B. Souder
College Publishing. 13-37, 43-60, 66, 344-355.

Fox, S.W., T.J. Chambers & J.W. Chow. 1996. Nitric
Oxide is an Early Mediator of the Increase in Bone
Formation by Mechanical Stimulation. Am. J. Physiol.
270(6 Pt 1): E955-E960.

Garret, WE,, kirkendall, DT. 2000. Exercise and Sport Science.
USA : Lippincott Willams & Wilkins.

Janz, K.F., Burns, T.L., Torner, J.C., Levy, S.M., Paulos,
R., Willing, M.C., Warren JJ,2001. Physical Activity
and Bone Measure in Young Children : the Iowa bone
development study. Pediatrics ;107(6):1387-93

Kemmler, W., Engelke, K., Lauber, D., Weineck, J.,
Hensen, J., Kelender, W.A., 2002. Exercise Effect on
Fitness and Bone Mineral Density in Early Post
Menopausal Women: 1-year EFOPS Results. Med.
Sci. Sport Exercise 34(2): 2115-2123.

Lau, K.W., Kapur, S., Kesavan, Baylink, 2006. Up
regulation of Wnt, ER, IGF-IR, and Bone
Morphogenetic  Protein  Pathway in C57BL/6J
Osteoblast to The Differential Anabolic Response to
Fluid Shear Stress. J Biol Chem. 281 (14): 9576-9588

Liu YF, Chen HI, Wu CL, Kuo YM, Yu L, Huang AM,
Wu FS, Chuang JI, Jen CJ. 2009. Differential effects
of treadmill running and wheel running on spatial or
aversive learning and memory: roles of amygdalar
brain-derived neurotrophic factor and synaptotagmin I.
J Physiol ;587(Pt 13):3221-31.

Luiking, C.Y., Engelan, M., Deutz, N., 2010. Regulation
of Nitric Oxide Production in Health and Disease.
Curr Opin Clin Nutr Metab Care. 13(1): 97-104

Siddapur, P. R., Patil, A. B., Borde, V, S., 2015.
Comparison of Bone Mineral Density, T-scores and
Serum Zink Between Diabetic and Non Diabetic
Postmenopausal Women with Osteoporosis. Journal of
Laboratory Physicians 7(1): 43-48

Sidik DZ. 2007. Panduan Pelatihan Olahraga untuk Usia
Sekolah (6-18 Tahun). Jurnal Aksi Vol 5(3)

Thameem F, Puppala S, Arar NH, Stern MP, Blangero J,
Duggirala R, Abboud HE.2008. Endothelial nitric
oxide synthase (eNOS) gene polymorphisms and their
association with type 2 diabetes-related traits in
Mexican Americans. Diab Vasc Dis Res ;5(2):109-13

Tom Lloyd, Phd, Moira A. Petit, Phd, Hung-Mo Lin, Scd,
And Thomas., 2003.Lifestyle Factors and The
Development of Bone Mass and Bone Strength In
Young Women. J Pediatr 2004;144:776-82.

Venkatakrishnan P, Nakayasu ES, Almeida IC, Miller RT.
2009. Absence of nitric-oxide synthase in sequentially
purified rat liver mitochondria. J Biol Chem
;284(30):19843-55

Wang, Y., McNamara, L.M., Schaffler, M.B., Weinbaum,
S., 2007. A Model for the Role of Integrins in Flow
Induced Mechanotransduction in Osteocytes. Proc
Natl Acad Sci U S A;104:15941-6.



Wang, Y., Qin, Q.H., 2010. Parametric Study of Control
Mechanism of Cortical Bone Remodeling Under
Mechanical Stimulus. Acta Mech Sin ;26:37-44.

Warden, S.J., 2006. Breaking the Rules for Bone
Adaptation to Mechanical Loading. J Appl Pysiol;
100:1441-2.

Weidner, N., Lin, G.Y., Kyriaskos, M., 2009. Joint and
Bone Pathology. In: Weidner, N., Cote, R.J., Suster,
S., Weiss, L.M. Modern Surgical Pathology.
Philadelphia: Saunders Elsevier : 1784-1812

WHO, 2002. Health and Ageing, A Discussion Paper.
Department of Health Promotion, Non Communicable
Disease Prevention and Surveillance. World Health
Organization.

Yamazaki, S., Ichimura, S., Iwamoto, J., Takeda, T., &
Toyama, Y., 2004. Effect of Walking Exercise on
Bone Metabolisme in Post Menopausal Women with
Osteoponia/Osteoporosis. Bone Mineral Metabolisme
22 (s): 500.

You, L., Temiyasathit, S., Lee, P., Kim, C.H., Tummala,
P., Yao, W., 2008. Osteocytes as Mechanosensors in
the Inhibition of Bone Resorption Due to Mechanical
Loading. Bone; 42:172-9

Yuliana. 2012. Peran  Mekanotransduksi  dalam
patofisiologi 0steoporosis. Jurnal ilmiah
kedokteran;43(3)

Zaman G, Cheng MZ, Jessop HL, White R, Lanyon LE.
2000. Mechanical strain activates estrogen response
elements in bone cells. Bone. 27(2):233-9.

The Effect of Osteocyte Signalling on Osteocyte Apoptosis

75



