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Effects of Melatonin on Tibia Bone Defects in Rats
Efectos de la Melatonina sobre Defectos Oseos en la Tibia de Ratas
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SUMMARY: The aim of this study was to evaluate the effects of melatonin healing in a tibial bone defect model in rats by means
of histopathological and immunohistochemistry analysis. Twenty one male Wistar albino rats were used in this study. maéach ani
bone defects (6 mm length ) were created in the tibias. The animals were divided into three groups. In group 1 contts groicp (r
tibial defects). Group 2 melatonin (10 mg/kg) + 14 days in the tibial defect group) was administered intraperitonealyroumss.
melatonin (10 mg/kg) + 28 days in the tibial defect group) was administered intraperitoneally to rats. Histopathologisab&nalys
samples was performed to evaluate the process of osteoblastic activity, matrix formation, trabecular bone formation atisisugeloid
in bone defects. Immunohistochemical and immunoblot analysis demonstrated non-collagenous proteins (osteopontin ang osteonectin
differences in tibial bone defects. The expression of osteopontin on tibia was increased by 14 days melatonin treatrpesgsidme ex
of osteonectin on tibia was dramatically increased by 14 days melatonin treatment.
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INTRODUCTION

Bone repair is one of the challenges faced beceived great attention. Melatonin has been investigated

reconstructive surgery. Bone regeneration is required feglative to bone remolding osteoporosis, osseointegration of
repair of defects and fractures. Multiple factors can impa§tental implants and dentine formation (Cardietdl, 2003;
fracture consolidation, including bone loss caused byadizeskyet al, 2003; Cutandet al, 2007, 2008;
diseases, trauma, or tumor resection. However, there remaf@slarczyk et al, 2012; Liuet al, 2013). Osteopontin is

a need to learn more about the biology of fracture healing @€ of the major non-collagen proteins in extracellular bone

well as to deve|op Strategies for ensuring normal repair [ﬁatrix, it has a role in osteoclast-mediated bone resorption.
the skeleton (Gautier & Sommer, 2003). The aim of this study was to investigate the effects of

melatonin during tibial bone defect repair by means of
Melatonin, is an neuroendocrine hormone it alsbistopathologic and immunohistochemical methods.

stimulates osteoblasts and fibroblast proliferations.

Melatonin plays an important role in bone ossification and

remodeling by promoting the production of Type | CollageMATERIAL AND METHOD

by osteoblasts and increasing osteoblastic proliferation

(Nakadeet al, 1999)In vitro studies have shown melatonin

to have a positive effect on osteoblastic differentiation and ~ The study protocol was approved by the Animal
bone healing (Rotkt al, 1999). In a study using rat tibia, Research Committee (DUHADEK) of Dicle University,
Halici et al (2010) showed melatonin to have an accelerating!rkey. Twenty one adult Sprague-Dawley rats, each
effect on bone healing. The investigation and applicatioff4€ighing 250-300 g#10 g) were used as experimental
of melatonin in the hard tissues, bone and tooth, ha@gimals. The animals were fed libitum with water and
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standard laboratory animal diet, under the care of trainéd100, 1 % (w/v) sodium deoxycholate, 0.1 % (w/v) SDS,
wardens. The rats were divided into 3 groups as follow8:2 % (w/v) sodium fluoride, 0.2 % (w/v) sodium
The tibial bone defect group served as the control grouprthovanadate and 1x protease inhibitor mixture
In the experimental group, Melatonin + tibial defect groupCompleteTM EDTA free; Roche Diagnostics]) and
14 days and Melatonin + tibial defect group 28 days waiscubated in ice for 1 h. After incubation, aliquots were snap-
accepted. Melatonin (10 mg/kg) was dissolved in 1 % etharfobzen in liquid nitrogen and stored -86. All these steps
just before use. Melatonin was injected intraperitoneallyvere performed on ice to minimize protein degradation. Total
After exposing the right proximal tibia of each animal, &ellular protein concentration was determined in triplicate
standardized 6.0 mm diameter non-critical bone defect wasing a BCA protein assay according to manufacturer’s
created by using a motorized drill under irrigation with salinmstructions (Pierce, Thermo scientific). The BCA assay was
solution (Oliveireet al,, 2010; Granit@t al, 2011; Pinteet performed in a 96-well plate using Multisc¥8nGO

al., 2013). mikroplate from Thermo Scientific.

Tissue Preparation for Light Microscopy. At the end SDS-PAGE. All protein samples were resolved by
of the study, animals were sacrified by decapitation. THe % (v/v) polyacrylamide gel using a Mini Protean Tetra
skin, as well as all the soft tissues surrounding the tibia bo@ell apparatus system (Bio-Rad). The protein samples were
was removed. The samples were fixed with neutral buffer@aepared in 1x SDS loading buffer (2 % (w/v) SDS, 5 % (v/
10% formalin solution and decalcified with 5 % EDTA. Afterv) glycerol, 0.01 % (w/v) bromophenol blue, 8 % (w/v) DTT,
preservation, nasal samples were directly dehydrated irwhich was added just before heating) and heated atc00
graded series of ethanol and embedded into paraffin wdar 5 min. The protein samples (Rg) were then loaded on
Five mm sections were cut with microtome (Rotatoryo the 10 % (v/v) polyacrylamide gel and electrophoresed at
Microtome, Leica, RM 2265, Germany) and mounted oR00 V for 1 h in a SDS running buffer (2.4 mM Tris, 19.2
the coated slides. The sections were stained withM glycine, 0.01 % (w/v) SDS).

Haematoxylin and Eosin (H-E) in order to be observed under
light microscope (Eclipse 80i, Nikon, Japan). Membrane transfer and antibody staining. Separated
proteins from the SDS-PAGE were transferred onto the

Immunohistochemical staining. Antigen retrievalPVDF membrane at 100 V for 1 h in transfer buffer (25 mM
process was performed in citrate buffer solution (pH 6.0)is, 192 mM glycine, 20 % (v/v) methanol, pH 8.3) using a
two times first 7 min, later 5 min boiled in microwave overCriterion Blotter Transfer System (Bio Rad). The membrane
at 700 W. They were allowed to cool to room temperaturgas then blocked with 5 % (w/v) skim milk powder in PBS-
for 30 min and washed in distilled water for 5 min two ti-T (PBS+ 0.1 % (v/v) Tween-20) for 1 h at room temperature.
mes. Endogenous peroxidase activity was blocked in 0.1After blocking, the membrane was probed with primary
Hydrogen peroxide for 15 min. Ultra V block (Histostain-antibodies (anti-osteopontin 1:200 dilution from Santa Cruz
Plus Kit, Invitrogen, Carlsbad, CA) was applied for 10 mimBiotech, anti-osteonectin 1:200 dilution from Santa Cruz
prior to the application of primary antibodies OsteonectiBiotech and an-actin 1:1000 from Abcam) for 2 h at room
(mouse monoclonal, 1/200, Santa Cruz Biotech.) artdmperature. The membrane was then washed four times
Osteopontin (mouse monoclonal, 1/200, Santa Cruz Bioteaer 30 min with PBS-T before probing with horseradish
for overnight. Secondary antibody (Histostain-Plus Kitperoxidase-conjugated secondary antibodies in 1:10000
Invitrogen, Carlsbad, CA) was applied for 20 min. Slidedilutions for 1 h at room temperature. The membrane was
then were exposed to streptavidin-peroxidase for 20 miagain washed four times over 30 min with PBS-T. The protein
Diaminobenzidine (DAB, Invitrogen, Carlsbad) was useflands were visualized using ECL (Bio-Rad) according to
as a chromogen. Control slides were prepared as mentiomeginufacturer’s instruction. The images were taken using
above but omitting the primary antibodies. AfterChemiDo¢" MP (Bio-Rad).
counterstaining with Hematoxylin, washing in tap water for
5 min and in distilled water for 2 x 5 min, the slides were
mounted. RESULTS

Western Blotting. Cell lysis and protein quantification. The

snap frozen tibia was grinded to a fine powder in a chilled The histological characteristics of each tibia bone

mortar in the presence of liquid nitrogen. Immediately aftaravity within each group are described. After tibial defects,

grinding, 50 mg tibia powder was transferred into amflammatory cell infiltration, and began to take shape

microcentrifuge tube containing 250 RIPA lysis buffer osteoclastic activity increased fibrous structures. At the end
(150 mM NaCl, 50 mM Tris, 1 mM EDTA, 1 % (v/v) Triton of the 14" day, collagen fibers began to appear with small

764



KOPARAL, M.; IRTEGUN, S.; ALAN, H.; DEVECI, E.; GULSUN, B. & PEKTANG, G. Effects of melatonin on tibia bone defects in rats.J. Morphol., 34(2y63-769, 2016.

lamellar structures (Fig. 1a). Melatonin + bone defect
(14" day) group, an increase in bone matrix, now
little is seen of trabecular bone (Fig. 1b).

Melatonin + bone defect (28 days) group, The
samplesin treated melatonin group showed increased
bone lamellae formation in the trabecular bone and
osteoblastic activity in the lacunar area. Osteoblasts
were lining as polygonal between spongeous and
trabecular bone tissues (Fig. 1c).

In the tibial defect group treated (Control
group) osteoblast cells formed thin trabeculae
performed on the collagen fibers. osteoblasts showed
a positive reaction with osteonectin (Fig. 2a). In the
group treated Melatonin + tibial defect (14 day)
osteoblasts showed integrity of collagen fibers with
matrix release. Taking place at the periphery of the
trabecular bone, it showed positive expression of
osteonectin (Fig. 2b).

In the group treated Melatonin + tibial defect
(28 day) significantly shaped osteocytes osteon
structures, thick bone tabekil have increased
expression of osteonectin. Osteoblasts increased
matrix development, the cells are arranged in the
periphery of trabecular bone (Fig. 2c).

In the tibial defect group treated (Control
group); defectegions, which prevents the formation
of bone matrix, in inflammatory cell infiltration and
vascular hemorrhagic areas were observed.
Steopontin expression was observed between fibrous
structures positively (Fig. 2d). Trabecular bone and
tissue specific myeloid showed increased matrix
development (Fig. 2e). Trabecular bone has started
to increase the development matrix and osteocytes.
Increasing myeloid tissue, new bone formation was
accelerated (Fig. 2f). The expression of osteopontin
and osteonectin on tibia were increased by 14 days
melatonin treatment (Figs. 3 and 4).

Fig. 1. a) Tibial defect group (T4day). An increase in
inflamatory cells (arrow), small trabecular bone fragments
(arrow) (H-E staining, Bar= 1Q0m). b) Melatonin + Tibial
defects (1# day), collagen fibers and bone matrix, an
increase in small trabecular bone fragments (H-E staining,
Bar= 100um). ¢) Melatonin+Tibial defects (28 days). The
extension and expansion of trabecular bone, osteocytes and
osteoblasts in bone lamella (arrow). A significant increase
in myeloid tissue (H-E staining, Bar= 10fn).
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Fig. 2. a) Tibial defect group (T4lay). Osteonectin positive reaction in osteblast cells (arrow) (Osteonectin immunostaining,
Bar= 100um). b) Melatonin + Tibial defects T4lay, matrix density increase, bone trabeculae in the periphery of osteoblast
cells, positive expression of osteonektin (Osteonectin immunostaining, Bapmi0@) Melatonin + Tibial defects 28 day,

an increase in bone matrix, trabecular bone and osteon structure markedly, (Osteonectin immunostaining @8gr=)100

Tibial defect group (1% day). The positive expression of osteopontin fibrous structures and in the inflammation area
(arrow) (Osteopontin immunostaining, Bar= 10). €) Melatonin + Tibial defects .day, matrix and osteocyte development

in trabecular bone (arrow) (Osteopontin immunostaining, Baru)0f) Melatonin+Tibial defects 28 day, An increase in

the matrix and osteocytes (arrow). Myeloid tissue dense, distinct new bone formation (Osteopontin immunostaining, Bar=

100 um).
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density, new bone formation and inter-thread bone in
comparison with control implants. In a study, cortical
width and length, the early stages (15 and 30 days)
increased in new bone formation a greater number of
cells in the cortical regions of impressions that
promote the melatonin produced. At the same time,
significant osteoid matrix synthesis and
mineralization accelerated early cell differentiation.
It was observed to increase (Calvo-Guiradal,
2015).

Fig. 3. The expression of osteopontin on tibia was increased by 14

days melatonin treatment. Equal amounts of total proteins were run on

Bone remodeling is a constant and dynamic

the gel and analysed by Western blotting using anti-osteopontin and®rocess in which osteoclasts resorb old bone and

antif3-actin antibodies3-actin was used as a loading control.
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osteoblasts form new bone (Cardinetiial, 2003;
Ostrowska, 2009). Melatonin influences the release
of growth hormone and promotes bone formation
(Rothet al; Ladizeskyet al, 2006) by suppressing
osteoclast activity; stimulating the formation and
proliferation of a mineralized matrix and Type |
collagen; increasing osteoblast alkaline phosphatase
activity through the increased genetic expression of
Type | collagen, osteopontin, bone sialoprotein and
osteocalcin. Previous studies suggested that
osteonectin can stimulate angiogenesis. Several
mousemodels have demonstrated that disruption of
angiogenesis in bone results in perturbation of the

Fig. 4. The expression of osteonectin on tibia was dramatically growth plate; however, the growth plate is normal in
increased by 14 days melatonin treatment. Equal amounts of totabsteonectin-null mice (Vat al, 1998; Gerbeet al,
proteins were run on the gel and analysed by Western blotting usindl999). In this study, melatonin brought in osteoblast

anti-osteonectin and arflactin antibodiesp-actin was used as a

loading control.

DISCUSSION

proliferation defect has accelerated the increase in
osteoid matrix synthesis and mineralization.

Osteonectin is a protein known to be involved
in cell-matrix interactions and angiogenesis. The new
vessel formation by affecting angiogenesis
osteonectin and it is important for normal ossification.

Monofouletet al (2010) compared the kinetics andOsteopontin (OPN) is non-collagen proteins in
healing pattern of bone lesions in mice using two protocols tttracellular bone matrix. 14day in groups
consisted of making holes in the femoral shaft and dista@iministered melatonin has been shown to increase
epiphysis. Epiphyseal defect healing occurred only after 13e osteonectin and osteopontin protein molecule.
weeks. In our study, the improvement did not occur in defects in

the 14" day of the group, while at 28 days, the beginning of

Guardiaet al (2011) found that after five-

trabecular bone formation was observed. However the osteb#l eight-week treatment periods, melatonin
osteoid matrix and activity not yet fully developed. Various drugsignificantly increased the inter-thread bone and new
and antioxidants may be effective in the treatment of bohe@ne formation in comparison to control implants
defects. Melatonin has previously been shown to stimuldfeboth periods. It was shown that melatonin could
osteablastic proliferation, melatonin could increase the rateibtrease the osteogenic effect by increasing the
bone ossification. Melatonin also inhibits osteoclast formatig#steoblast cell proliferation and stimulating matrix

and activation (Koyamat al, 2002; Parlet al, 2011).

activity. During the formation of the tibial defects,
as differentiation towards active new bone formation

Cutandoet al (2008) revealed that after a two-weekwere significantly higher on the 1day. Our study
treatment period, melatonin significantly increased the perimeé@monstrated that melatonin helped reduction in this
of bone that was in direct contact with the treated implants, bogféical tibia defect.
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RESUMEN: El objetivo fue evaluar por medio de andlisis histopatolégico e inmunohistoquimico los efectos cicatrizantes de la
melatonina en un modelo de defecto 6seo tibial en ratas. Se utilizaron 21 ratas albinas Wistar macho. En cada animalg$ectosaro
0seos en las tibias de 6 mm de longitud. Los animales se dividieron en tres grupos. El Grupo 1 correspondio al grupdestosrol (d
tibiales sin tratamiento). Al Grupo 2 se administré melatonina por via intraperitoneal (10 mg/kg) 14 dias posteriorestédidefatt
Grupo 3 se administré melatonina por via intraperitoneal (10 mg/kg) 28 dias posteriores al defecto tibial. Se realizésun analis
histopatolégico para evaluar los procesos de actividad osteoblastica, formacion de matriz, formacion de hueso traloeaulietyidei
en los defectos dseos. Los analisis inmunohistoquimicos y de inmunotransferencia mostraron diferencias de proteinassno colagena
(osteopontina y osteonectina). La expresién de osteopontina en defectos 6seos tibiales se incrementé en el Grupo 2 Ha expresié
osteonectina en la tibia se incremento fuertemente bajo el tratamiento con melatonina por 14 dias.

PALABRAS CLAVE: Defectos tibiales; Melatonina; Osteonectina; Osteopontina.
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