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GiRIS

Kemik sekillenmesi,  cok cekirdekli
osteoklastlarin  gerceklestirdigi  kemik
rezorbsiyonunu takip eden, osteoblast
kaynakli kemik olusumunu iceren, hassas
bicimde duzenlenmis dinamik bir islemdir
(1). Cogu sistemik ve lokal etkenler
(hormonlar, sitokinler, biytime faktorleri,
matriks drtnleri, lipid metabolitleri ve
iyonlar), normal ve patolojik kosullarda
osteoblast ve osteoklastlarin giclenmesi,
olusumu, farklilasmasi ve fonksiyonlarini
etkileyerek kemik sekillenmesini diizenler
(1,2). Guntumizde, multifonksiyonel bir
sinyal molekili olan nitrik oksit (NO), kemik
icinde onemli bir interseltler sinyal
diizenleyici olarak tanimlanmistir. Osteoblast
cogalmasi/idamesi, osteoklast fonksiyonlari
ve kemik sekillenmesi islemlerinde 6nemli
gorevler Ustlenir (2-6).

NO, NO sentezi (NOS) sonucu olusan L-
argininden sentezlenen, ¢ izoforma sahip,
kisa omdurlt  bir serbest radikaldir. Bu
izoformlar, gen seviyesinde cesitli enflamator
medyatorler tarafindan diizenlenen
endotelyal NOS (eNOS), noéronal NOS
(nNOS) ve indiiklenebilen NOS (iNOS)'tur
(7-9). NO, kemik metabolizmasinda rol
oynayan gugcli bir dizenleyicidir (10). In
vitro ve in vitro calismalar, osteoblastlar
aracithgiyla Gg¢ izoformdan olusan NO
Gretiminin,  osteoblast  proliferasyona,
farklilasmasina, kemik turn over’ina ve kemik
hacmi artisina neden oldugunu ortaya
koymustur (10-20).

Kemik hicrelerindeki NO  tretimi,
akiskanlardaki makaslama ve gerilme gibi
mekanik uyaranlara karsi olduk¢a hassastir
(21,22). NOS inhibitorleri  tarafindan
engellenen NO Uretiminin, biytme gelisimi
devam eden ratlardaki kemik dokusu
kilturlerinde osteoklastogenezi uyardigi ve
kemik rezorbsiyonunu artirdigi bildirmistir
(23,24).

NO ortodontik dis hareketinde 6nemli rol
oynar. NO seviyesindeki dustis dis
hareketinin azalmasina, artislar ise dis
hareketinin hizlanmasina neden olur (25-27).
Ayrica, bu hizlanmaya yeni kapiller
olusumun belirtileri olan c¢ok cekirdekli
osteoklastlarin artisi, Howship lakinleri ve
kapiller damarlanma eslik eder (25).

Biilbiil, Olmez, Akin, Mermut Gokge, Karacay, Kiirkcti

INTRODUCTION

Bone remodeling is a sensitively regulated
dynamic process in which bone resorption by
multinucleated osteoclasts is closely followed
by osteoblast-mediated bone formation (1).
Many systemic and local factors (hormones,
cytokines, growth factors, matrix products,
lipid metabolites, and ions) regulate bone
remodeling under normal and pathological
conditions through their effects on the
recruitment, formation, differentiation, and
function of osteoblast and osteoclasts (1,2).
Recently, the multifunctional signal molecule,
nitric oxide (NO), was shown to serve as an
important intercellular signal modulator in
bone. It exerts profound effects on osteoblast
proliferation/survival, osteoclast function, and

bone remodeling processes (2-6).

NO is a short-lived free radical
synthesized from L-arginine by NO synthases
(NOS), which has three isoforms. Of the three
NOS isoforms, endothelial NOS (eNOS) and
neuronal NOS (nNOS) are constitutively
expressed, and the other one, inducible NOS
(iNOS), is regulated at the gene level by a
variety of inflammatory mediators (7-9). NO
is a potent regulator of bone metabolism (10).
In vitro and in vivo studies revealed that NO
production through three NOS isoforms by
osteoblasts mediates mechanical stimulation
of osteoblast proliferation, differentiation,

bone turn over and bone volume (10-20).

NO production in bone cells is enhanced
in response to mechanical stimulation such
as fluid shear stress and bending (21, 22).
Inhibition of NO productions by NO
synthase inhibitors has been reported to
stimulate osteoclastogenesis in bone tissue
cultures and increases bone resorption in

growing rats (23, 24).
NO plays an important role

orthodontic tooth movement. Decrease in
NO levels leads to a decrease in tooth
movement, while increase of NO in the
environment increases tooth movement (25-
27). This increase is also accompanied by an
increase in  multinuclear  osteoclasts,
Howship's lacunae, and  capillary
vascularization indicating an effect on new

capillary formation (25).
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Ortodontik dis hareketi ve kemik
sekillenmesinde NO 6nemli bir role sahip
oldugu kabul edilmektedir. Bu nedenle, bu
calismanin amaci etkileri bilinen NOS
izoform(lar)inin ~ kemik  dokusuna ve
ortodontik dis hareketi tzerine etkilerinin
incelenmesidir.

GERECLER ve YONTEM

Bu c¢alismada, Gulhane Askeri Tip
Akademisi etik kurulundan hayvan deneyleri
yonergesine uygun etik kurul onayi alinmistir.
Calisma icin ortalama 250 g agirliga sahip,
ayni yas grubunda 66 eriskin erkek Sprague
Dawley rat kullanilmustir. Ratlar, gruplarin her
birinde 6 adet olacak sekilde rastgele 11 esit
gruba bolinmistur. 24°C de 1si kontrollt ve
12 saat aydinlik /karanlk dongistine sahip
mekanlarda standart peletle ve suyla ad
libitum beslenmistir.

Yaylarin uygulanmasi éncesinde, Xsilazine
HCL (10 mg/kg) (Alfazyne 2%, Egevet, izmir,
Turkiye) ve Ketamin HCL (90 mg/kg)
(Alfamine 10%, Egevet, izmir, Turkiye)
kombinasyonu anestezik olarak
uygulanmistir. Ayni kimyasallar, letal dozda
sakrifikasyon oncesi de kullanilmuistir.
isoflurane (10mg/kg) inhalasyon anestezigi,
inhibitorlerin ~ uygulanmasi  ve  diger
prosedirler igin kullanilmuistir.

Biutiin - gruplara  ortodontik  kuvvet
uygulanmisti. Mandibular azilar ve kesiciler
arasina bilateral olarak Ni-Ti kapali sarmal
yaylar (0.305x0.915mm) karsilikli kuvvet
olusturacak sekilde yerlestirilip 0.008"
kalinhiginda paslanmak celik tel ile
baglanmistir (Sekil 1). 60g hk karsilikli
kuvvet, kuvvetolcer (Correx tension gauge,
isvicre) ile olciliip calisma sonuna kadar
tekrar  aktive  edilmemistir.  Yaylarin
uygulanmasi esnasinda olusabilecek travma
sonrasi enfeksiyondan korunma amacli,
Colisillin (0.1 ml/kg) (100 mg/ml Ampicillin +
250.000 IU/ml Colistin Sulphate, Egevet,
izmir, Turkiye) uygulanmistir. Calisma,
Gulhane Askeri Tip Akademisi deney
hayvanlari  kullanim yo6nergesine uygun
olarak gerceklestirilmistir.

Calisma gruplar ile farkh
konsantrasyonda, t¢ NOS inhibitérinden
olusmaktadir. U¢ NOS inhibitérii de (Tocris
Cookson Ltd., Bristol, Birlesik Krallik)
hedeflerine karsi yuksek miktarda segici
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NO has been suggested to have an
important role in bone remodeling and
orthodontic tooth movement. Therefore, the
aim of this study was to evaluate the
influence of the well known NOS isoforms on
bone tissue and to determine the effective
NOS isoform(s) during orthodontic tooth
movement.

MATERIALS and METHOD

The animal experimental protocol in this
study was approved by the Ethics Committee
for Animal Experiments at the Gulhane
Military Medical Academy. The study
comprised 66 adult, male Sprague Dawley
rats of approximately the same age with an
average weight of 250 grams. The rats were
randomly divided into 11 equal groups, being
6 rats in each. The animals were fed a
standard pellet diet with tap water at libitum
and were adapted to a 12/12-hour light/dark
cycle.

The rats were anesthetized with a
combination of Xsilazine HCL (10 mg/kg)
(Alfazyne 2%, Egevet, lzmir, Turkey) and
Ketamin HCL (90 mg/kg) (Alfamine 10%,
Egevet, Izmir, Turkey) before the application
of the springs. The same chemicals were also
used at lethal dose prior to sacrification.
Isoflurane inhalation anesthetic (10mg/kg)
was used during the injection of the inhibitors
and before various procedures.

Orthodontic force was administered to all
groups.  Ni-Ti  closed coil  springs
(0.305x0.915mm), exerting approximately 60
g of reciprocal force were applied bilaterally
between the mandibular first molars and
incisors at each side cleat by a 0.008 inch
stainless steel ligature wire (Figure 1). The 60
g of reciprocal force was measured with a
gauge (Correx tension gauge, Switzerland),
and the springs were not reactivated during
the experiment. Prophylactic antibiotic,
Colisillin (0.1 ml/kg) (100 mg/ml Ampicillin +
250.000 IU/ml Colistin Sulphate, Egevet,
Izmir, Turkey) was administered for once to
prevent infection that could be resulted by
trauma during application of springs. The
experiment was carried out according to the
guidelines of Gulhane Military Medical
Academy for the use of experimental animals.
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Sekil I. Ni-Ti kapal1 sarmal
yay (0.305x0.915 mmile,
bilateral mandibular birinci

molar ve kesiciler arasinda

Figure I. Orthodontic force

was administered via Ni-Ti

mandibular first molars and
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ortalama 60 g resiprokal

kuvvet uygulanmasi.

closed coil springs
(0.305x0.915 mm), exerting
approximately 60 g of
reciprocal force applied

bilaterally between the

-
AL FTTILLL

karakterdedir. inhibitorlerin  her biri, %
0.9’luk NaCl soltusyonunda ¢oziinmis ve 10,
30 ve 100pg /pl olacak sekilde ti¢ farkh
konsantrasyonda hazirlanmiglardir. 60 g lik
ortodontik kuvvet esliginde, Grup 1,2 ve 3'te
sirastyla 10, 30 ve 100pg/pl iNOS 1400W
dihiroklorid (1400W) inhibitort giinde iki
sefer olacak sekilde uygulanmistir. Grup 4, 5
ve 6'da, eNOS L-NIO dihidroklorit (L-NIO)
inhibitort sirasiyla ayni sekilde ve ayni doz
oraninda uygulanmistir. Yine ayni sekilde ve
ayni dozda, nNOS Nw-propyl-L-arginine
(NPLA) inhibitoru sirastyla Grup 7, 8 ve 9 da
uygulanmistir. Son iki grup, kontrol grubu
olarak belirlenmistir. Grup 10’a da % 0,9'luk
NaCl soliisyonu ayni miktarda ve benzer
sekilde uygulanmustir (20ul/24 saat). Grup
11’e sadece ortodontik kuvvet uygulanmistir.
Deneysel soliisyonlar sag ve sol alt birinci
azinin meziobukkal subperiostal bolgelerine
enjekte edilmistir. Ratlar, deney slresinde
gozlenmis ve 7. ginde sakrifasyon
gerceklestirilmistir. Daha sonra,
mandibulalari disseke edilip 0.1 M fosfat
ilave edilmis 2.5 %’lik glutaraldehit
soltisyonunda fikse edilmistir.

Kemik Histomorfometrisi

Histolojik  kesitler,  Cutting-Grinding
teknigi  kullanilarak hazirlanmigtir  (28).
Mandibulalar, artan seri etanol
konsantrasyonlari ile dehidrate edilmistir.
Dehidratasyon sonrasinda 6rnekler, 6rnekler

>

The study groups consisted of three NOS
inhibitors in three different concentrations.
All three NOS inhibitors (Tocris Cookson
Ltd., Bristol, UK) were highly selective
against their targets. Each were dissolved in
0.9 % NaCl and prepared at three different
concentrations, as 10, 30 and 100ug /ul. In
the Group 1, 2 and 3; 10, 30 and 100ug/ul
iNOS inhibitor 1400W dihydrochloride
(1400W) was administered twice a day with
60 g of orthodontic force. In the Group 4, 5
and 6; eNOS inhibitor L-NIO
dihydrochloride (L-NIO) was administered
with the same sequence and dose,
respectively. The same sequence and dose
were also used for the administration of
nNOS  inhibitor ~ Nw-propyl-L-arginine
(NPLA) in the Group 7, 8 and 9. The last 2
groups were evaluated as control groups. In
the Group 10, 0.9 % NaCl solution was
administered with the same amount and
prescription  (20ul/24  hours).  Only
orthodontic force was administered in the
Group 11. The experimental solutions were
injected into the mesiobuccal subperiosteal
area adjacent to the left and right lower first
molars. The rats were monitored during the
experiment and were sacrified on the 7th day
of the experiment. Mandibulae were
dissected and placed in 0.1 M phosphate-
buffered 2.5 % glutaraldehyde solution for
fixation.

Tiirk Ortodonti Dergisi 2012;25:239-256
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etanol-metil metakrilat karsimina maruz
birakilarak plastik infiltrasyonu
gerceklestirilmistir. ~ Plastik infiltrasyonu
tamamlanan doku 6rnekleri, Technovit 7.200
VLC (Heraeus-Kulzer GmbH & Co. KG,
Hanau, Almanya) eklenen kaliplara
gomilmis ve son polimerizasyon islemi
tamamlanmistir. Polimerize doku bloklari,
yaklasik 10 pm kalinhginda olacak sekilde
hazirlanmistir.  Kesitler, 10 % H202
soltisyonunda 5 dakika boyunca yikanmis, su
ile durulanip kurutulduktan sonra Toluidine
mavisi ile sabitlenmistir.

Biittin kesitler Olympus 1sik mikroskobu
(Olympus Optical Co, Tokyo, Japonya) ile
incelenmis ve normalden 4 kat buyuttlmis
gorlntiler bilgisayar ortamina WinTAS
(Trabecular Analyze System, V. 1.2.9)
yazihmi ile incelenmek (izere taginmistir
(Steve Paxton, University of Leeds, Leeds,
UK) (Sekil 2-6).

Birinci azilarin interradikuler (servikal,
orta, apical) alanlarinda ¢ farkh olgtim
yapilmistir. Standardizasyon igin, birinci
azilarin mezial ve distal kokleri arasindaki
bolge interradikiler alan
belirlenmistir. Servikal, orta ve apikal
interrradikuler alanlarin tanimlanmasi igin,
bifurkasyon ve kok ucu tc esit bolgeye
boltinmistiir. interradikiler alanlarin konik
forma sahip olmalarindan dolayr kompakt ve
spongioz kemik alanlari oranlar farklilik
gostermektedir. Guvenilir bilgi elde etmek
amaciyla interradikiler bolgede ti¢ ayri yerde
olctim yapilmis ve bunlarin ortalama degeri
alinmistir. Olctimler, iki kez tekrarlanarak
hesaplanmistir ve olctimlerin  ortalamasi
hesaplanmustir.. Olcimler  ve
hesaplamalar, Amerikan Kemik ve Mineral
Arastirmalari Dernegi isimlendirme
kilavuzuna uygun olarak gerceklestirilmistir
(29). Kemik histomorfometrisi icin gelistirilen
bilgisayar yazilimi ile trabektler kemik hacmi
(BV/TV), trabekiler kemik sayisi (Tr.N) ve
ayrikhik  (Tr.Sep) ol¢ulmustar.
BV/TV (%), secilen bolgedeki mineralize ve
non mineralize kemik hacminin toplam
kemik hacmine oranidir. Th.N, secili
bolgedeki trabektler kemik sayisidir. Th.Sep
(@m) toplam trabekdler kemik miktarinin
cikartilmasindan sonra kemik hacminden
geriye kalan miktari ifade eder.

olarak

Butin

trabekiiler
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Bone Histomorphometry

Preparation of histological sections was
“Cutting-
Grinding Technique” (28). Mandibulae were

performed according to the

dehydrated by using increasing ethanol
concentrations. After dehydration, specimens
were exposed to plastic infiltration using an
increasing mixture of ethanol-methyl
methacrylate. The plastic-infiltrated tissue
slices were placed in embedding molds,
Technovit 7.200 VLC (Heraeus-Kulzer GmbH
& Co KG, Hanau, Germany) was added, and
final polymerization process was
accomplished. The polymerized tissue blocks
were prepared and a tissue thickness of
apporoximately 10 pm was obtained. The
sections were agitated in 10 % H202 , rinsed
in water, wiped dry and stained in Toluidine
blue solution. All sections were evaluated
light
(Olympus Optical Co, Tokyo, Japan), and x4

using an Olympus microscope
images were transferred to a computer and
utilizing  WinTAS

Analyze System, Ver. 1.2.9) program (Steve

evaluated (Trabecular

Paxton, University of Leeds, Leeds, UK)
(Figure 2-6).

Three different measurements in the
interradicular area of the first molars,
(cervical, middle and apical) were
performed. For the standardization, the

interradicular area of the first molar was
defined as the area between the mesial and
distal roots of the molar. In order to define the
cervical, middle and apical interradicular
area, the area between the bifurcation and
root apex was divided into three equal areas.

As the interradicular areas were in conic

Sekil II. iNOS grubunun

histolojik kesiti (Grup 2);

A)

trabekiiler kemik, B) kemik

rezorbsiyon alani, C) birinci

molar disin kokd.

Figure II. Histological section
of iNOS group (Group 2); A)

trabecular bone, B) bone

resorption area, C) root of the

first molar.
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Sekil IT. eNOS grubunun
histolojik kesiti (Grup 5); A)
trabekiiler kemik, B) kemik
rezorbsiyon alani, C) birinci

molar disin kokd.

Figure III. Histological section
of eNOS group (Group 5); A)
trabecular bone, B) bone
resorption area, C) root of the

first molar.
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istatiksel Metod

istatiksel olctimler SPSS10.0 (SPSSFW,
SPSS Inc., Chicago, Il., ABD) yazilim
paketiyle gerceklestirilmistir. Tanimlayici
istatistik degerleri ortalama = standart sapma
ile gosterilmistir (Tablo 1). Bitin gruplar

arasindaki  farklar, Kruskal-Wallis testi
yardimiyla incelenmistir ve kontrol gruplari
(Grup 10 ve 11) ile NOS inhibitorleri (Grup
1-9) arasindaki farklar Mann-Whitney U testi
yardimiyla belirlenmistir (Tablo2-6). 0.05 ten
az ya da esit P degerleri istatiksel olarak
anlamh bulunmustur (30).

BULGULAR

Grup icindeki Farklliklarin Karsilagtirilmasi

Kemik sekillenmesi ve ortodontik dis
hareketi sirasinda her bir gruptaki en uygun
dozun belirlenmesi icin, grup icinde
kargilagtirmalar  gerceklestirilmistir. ~ Grup
icindeki farkliliklar degerlendirildiginde, INOS
(Grup 1, 2 ve 3 arasinda) , nNOS (Grup 7, 8 ve
9 arasinda) ve kontrol gruplarinda(Grup 10 ve
11 arasinda) biitiin parametrelerde istatiksel
olarak anlamsiz farkhliklar tespit edilmistir.
Belirgin istatiksel farkhliklar sadece eNOS
gruplar arasinda gozlenmistir (Grup 4, 5 ve 6).
Grup 5 ile Grup 4 (P<.001) ve Grup 6 (P<.05)
kiyaslandiginda, Grup 5 teki BV/TV ve Tr.N
azalmasi ve Tr.Sep artisi 6nemli bulunmustur.
Grup 6 ve Grup 4 kiyaslandiginda ise, olctilen
parametrelerde istatiksel olarak anlamli bir
farklihk bulunmamistir (Tablo 3).

Gruplar Arasi Farklarin Karsilagtiriimasi
Kemik sekillenmesinde esas rol oynayan
NO izoenzimin belirlenmesi icin, iNOS

Biilbiil, Olmez, Akin, Mermut Gokge, Karacay, Kiirkcti

form, the compact and spongiose bone ratios
were variable. To obtain a reliable data, the
measurements were performed from three
different area of the interradicular area and
mean values of these three measurements
were used. Measurements were repeated
twice and mean values were calculated. All
measurements and calculations were done
following the American Society for Bone and
Mineral  Research nomenclature and
guidelines (29). Trabecular bone volume
(BV/TV), trabecular bone number (Tr.N) and
trabecular separation (Tr.Sp) was measured
using the software package developed for
bone histomorphometry. BV/TV (%) is the
ratio of the mineralized and not mineralized
bone volume to the total bone volume in the
selected region. Th.N is the number of the
trabecular bone in the selected region. Th.Sp
(um) is the area left after subtracting the
trabecular bone amount from total bone
volume.

Statistical Method

The statistics were performed by SPSS
10.0 (SPSSFW, SPSS Inc., Chicago, Il.,USA)
Statistical package. Descriptive statistics were
shown as mean + standard deviation (Table
1). The differences between all groups were
investigated by Kruskal-Wallis test and, the
differences between NOS inhibitors (Group
1-9) and control groups (Group 10 and 11)
were determined with Mann-Whitney U test
(Table 2-6). P values less than or equal to 0.05
were evaluated as statistically significant (30).

RESULTS

Comparison of Intra-Group Differences

In order to determine the optimum dose
in bone remodeling during orthodontic tooth
movement in each group, the intra-group
In the
intra-group differences,

comparisons have been done.
comparison of
statistically insignificant alterations were
observed in all parameters in iNOS (between
Group 1, 2 and 3), nNOS (between Group 7,
8 and 9) and control groups (between Group
10 and 11). Statistically
differences were observed only between

significant

eNOS groups (Group 4, 5 and 6). Decreases

Tirk Ortodonti Dergisi 2012;25:239-256
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(Grup 1, 2 ve 3), eNOS (Grup 4, 5 ve 6),
nNOS (Grup 7, 8 ve 9) ve kontrol gruplari
(Group 10 and 11) arasinda karsilastirmalar
yaptlmistir.

iNOS gruplari (Grup 1, 2 ve 3) ile eNOS
gruplari (Grup 4, 5 ve 6), nNOS (Grup 7, 8 ve
9) ve kontrol gruplan karsilastirnldiginda;
sadece Grup 1 (sirasiyla P<.05, P<.001 ve
P<.001); Grup 2 (P<.001) ve Grup 3'e
(sirastyla P<.05, P<.05 ve P<.001) karsi Grup
5'te gozlenen BV/TV ve Tr.N azalmasi ve
Tr.Sep artisi istatiksel olarak anlamlidir. iNOS
gruplari ile eNOS gruplarn (Grup 5 disinda),
nNOS ve kontrol gruplan kiyaslandiginda,
BV/TV, TrN ve Tr.Sep degisimleri istatiksel
olarak anlamsiz bulunmuslardir.

eNOS gruplari (Grup 4, 5 ve 6) ile nNOS
ve kontrol gruplari karsilastirildiginda, Grup 5
disinda istatiksel olarak anlamli farklihklar
bulunmamistir. Grup 5 ile nNOS ve kontrol
gruplar karsilastinldiginda, Grup 7, 8, 9, 10
ve 11 de gozlenen BV/TV artisi (Sirasiyla
P<.05, P<.05, P<.001, P<.05 ve P<.05)
istatiksel olarak anlamli bulunmustur. Ayrica,
Grup 5 ile Grup 7, 8, 9, 10 ve 11
karsilastirnldiginda, Tr.N artisi istatiksel olarak
anlamli bulunmustur (Sirasiyla P<.01, P<.05,
P<.001, P<.001 ve P<.01). Bunlara ek olarak,
Grup 5 ile nNOS ve kontrol gruplari
karsilastinldiginda, Grup 7, 8,9, 10 ve 11 de
gozlenen Tr.Sep azalmasi istatiksel olarak
anlamli bulunmustur (P<.001) (Tablo 5).

nNOS gruplar (Grup 7, 8 ve 9) kontrol
gruplari ile karsilastinldiginda, olctlen
parametrelerde istatiksel olarak anlamli
farkhliklar bulunamamistir (Tablo 6).

TARTISMA

NO, NOS tarafindan retilir ve kemik
hiicre isleyisinin duzenlenmesinde 6nemli
rol oynar (2-6, 21,22). Bu calismada, farkli
NOS izoformlarinin ortodontik dis hareketi
ve kemik sekillenmesi (zerine etkileri
incelenmistir. ~ Ratlar (zerinde calismanin
kolayhgr ve uygulanan kuvvete hizli cevap
alinmasi, bizleri ratlar tzerinde calismaya
yonlendirmistir (32-34, 43, 44). Disi ratlarda
kisa araliklarla hormonal
degisiklerden dolayi, calismamizda erkek rat
kullanilmigtir (31, 43, 44).
calismalarda, ratlara uygulanan ortodontik
kuvvet farkh  sekilde, farkli  dislere
uygulanmistir (32, 34-36, 43, 44). Bu

gozlenen

Daha onceki
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in BV/TV and Tr.N and, increase in Tr.Sep in
Group 5 were significant in the comparison
of Group 5 against Group 4 (P<.001) and
Group 6 (P<.05). When Group 6 and Group
4 were compared, no statistically significant

changes were observed in measured

parameters (Table 3).

Comparison of Between-Group

Differences

In order to determine the primary NO
isoenzyme in bone remodelling, the
comparisons have been done between iNOS
(Group 1, 2 and 3), eNOS (Group 4, 5 and 6),
nNOS (Group 7, 8 and 9) and control groups
(Group 10 and 11).

In the comparison of iNOS groups (Grup
1, 2 and 3) against eNOS, nNOS and control
groups; only decreases in BV/TV and Tr.N
and, increase in Tr.Sep in Group 5 were
statistically significant against Group 1
(P<.05, P<.001 and P<.001, respectively);
Group 2 (P<.001) and Group 3 (P<.05, P<.05
and P<.001, respectively). The changes in
BV/TV, TN and Tr.Sep were statistically
insignificant in the comparison of the iNOS
groups against eNOS (exept Group 5), nNOS
and control groups (Table 4).

When eNOS groups (Group 4, 5 and 6)
were compared against the nNOS and
control groups; the changes related to the
parameters were statistically not significant
exept Group 5. In the comparison of Group 5
against nNOS and control groups; the
increase in BV/TV in Group 7, 8, 9, 10 and
11 were statistically significant (P<.05,

Sekil IV. nNOS grubunun

histolojik kesiti (Grup 8); A)
trabekiiler kemik, B) kemik
rezorbsiyon alani, C) birinci

molar disin kokd.

Figure IV. Histological
section nNOS group (Group
8); A) trabecular bone, B)
bone resorption area, C) root

of the first molar.
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Sekil V. Salin+Kuvvet

grubunun histolojik kesiti

(Grup 10); A) trabekiiler

kemik, B) kemik rezorbsiyon

alani, C) birinci molar

disin koki.

Figure V. Histological section

of Saline+Force group (Group
10); A) trabecular bone, B)

bone resorption area, C) root
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of the first molar.

-

calismada, kapal sarmal yaylar daha 6nceki
calismalara (43, 44) benzer sekilde azi ve
kesici disler arasina uygulanmistir. Kuvvet
uygulanmasi icin olusturulan retansiyon
alanlari, gingival enflamasyona neden
olmaktadir (32-36). Sonug¢ olarak, kemik
rezorpsiyonunda rol oynayan medyatorler
osteoklastik aktivite
Sekli  kadar uygulama
kolayhigi da olan kuvvet mekanikleri, travma,
odem ve enfeksiyon riski olusturmaktadir. Bu
olasiligi elimine etmek icin, islemler 6ncesi
bir doz profilaktik antibiyotik bdtiin ratlara
uygulanmistir (43,44).

Otero ve ark. (33), ratlarda deneysel dis
hareketlerini arastirmis ve 36. saatin sonunda
hareketin sonlandigini tespit etmistir. Otero
ve ark (33)'na gore, hyalin dejenerasyonu 48.
saatte olusmus ve rezorpsiyon alanlar en
yuksek seviyeye ulasmistir. 60. saatte,
osteoklast miktarlari en yiiksek degerlere
ulagsmis ve 72. saatte rezorbsiyon alanlari
azalmaya baglamistir. 84. ve 108. Saatler
arasinda, rezorbsiyon alanlari ve osteoklast
sayilarinda onemsiz azalmalar gozlenmistir
(33).  Bu gore,  bizim
calismamizin, hareket eden disin etrafinda
stabil bolgesel cevrenin saglanmasi icin 108
saatten uzun stirmesi kararlastinllmistir. Ratlar
tzerinde gerceklestirilen deneysel dis
hareketinin incelendigi benzer calismalar
incelendiginde, yapilan bu calismada deney
stiresinin 7 giin olmasina ve yaklasik 60 g
kuvvet uygulanmasina karar verilmistir. Daha
onceki calismalarda cagdas bir metot olarak
tercih Cutting-Grinding  teknigi
kullanilarak histolojik kesitler hazirlanmistir
(11, 18, 20, 26, 28, 29, 43, 44).

salinmig ve
olusturulmustur.

arastirmaya

edilen
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P<.05, P<.001, P<.05 and P<.05,
respectively). The increase in Tr.N in Group
7, 8,9, 10 and 11 were also statistically
significant compared to Group 5 (P<.01,
P<.05, P<.001, P<.001 P<.01,
respectively). In addition, in the comparison
of Group 5 against nNOS and control groups,

the decrease in Tr.Sep in Group 7, 8, 9, 10

and

and 11 were statistically significant (P<.001)
(Table 5).

When nNOS groups (Group 7, 8 and 9)
were compared against the control groups; no
significant  differences

statistically were

determined in measured parameters (Table 6).

DISCUSSION

NO is produced by NOS and plays an
important role in the regulation of bone cell
function (2-6, 21, 22). The present study
evaluated the effects of different NOS
isoforms on bone remodeling in orthodontic
tooth movement. In order to be easy to study
with rats and quick response to applicated
force, we preferred to study with rats (32-34,
43, 44). Since the short cyclus in female rat
causes hormonal variations, our study was
carried out with male rats (31, 43, 44). In
previous studies, orthodontic force was
exerted by different modalities to different
teeth of the rat (32, 34-36, 43, 44). In current
study, orthodontic force was exerted by
closed coil springs between the molars and
incisors similar with previous studies (43,
44). The
application creating retention points, causes

mechanics used for force
gingival inflammation (32-36). As a result,
that
resorption and osteoclastic activity were
excreted. As easy as it is designed the

application of force mechanics lead to the

mediators are effective in bone

risk of trauma, edema and infection. To
eliminate these probabilities, one dose
prophylactic antibiotic was administered to
all rats (43, 44).
Otero et al. (33) investigated the
experimental tooth movement in rats and
they determined the movement ended at the
36th hour. According to Otero et al. (33),
hyaline degeneration occured at 48th hour
and the reached their

maximum levels. At 60th hour, the amount of

resorption areas

Tirk Ortodonti Dergisi 2012;25:239-256
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Watanuki ve ark (19), iNOS geni eksik
olan farelerde (KO) immunohistokimyasal
arastirmalar ~ yapmuglardir.  Farelerdeki
proksimal tibialarin histo morfometrik
analizleri, butiin iNOS genotiplerinde 7 giin
sonunda kemik hacminin (BV/TV) , kemik
olusum oraninin (BFR/BS) azaldigini ve
osteoklast ytizey artisina (Oc.S/BS) neden
oldugunu gostermistir. Mevcut calismamizda
TAS analizi sonuclari  yorumlandiginda,
BV/TV, TN ve Tr.Sep icin iNOS gruplari ve
kontrol gruplari karsilastirildiginda ortaya
ctkan onemsiz degisiklikler, ortodontik dis
hareketinden sorumlu esas enzimin iNOS
olmadigini  gostermektedir. Hayashi ve
ark.(26), NO'in ratlarda ortodontik dis
hareketinde ustlendigi roli incelemisler ve
NOS icin spesifik inhibitorler kullanmiglar.
Arastirnicilar, genel bir NOS inhibitori olan
N(G)-nitro-L-arginine methyl ester HCI (L-
NAME)in lokal olarak uygulandiginda,
onemli bir sekilde dis hareketini azalttigini;
ancak NOS’un inkuklenebilir izoformu icin
secici bir inhibitor olan N(6)-(1-iminoethyl)-
L-lysine 2HCI (L-NIL)'in uygulandiginda bir
etkisinin olmadigini belirtmislerdir. Hayashi
ve ark.(26), NO'in esas olarak periodontal
dokudaki eNOS aktivitesi sonucu uretildigini
bildirmislerdir. Bu sonug bizim bulgularimiza
benzerlik gostermektedir. Bizim
bulgularimizin  aksine, osteoblastlardaki
iNOS tarafindan tretilen NO’in, kemik turn
over'inin dizenlenmesinde 6nemli  rol
Ustlenmekte oldugu ve akut mekanik
yiuklemeye artan bir osteojenik aktivite
cevabi gosterdigi belirtilmistir (19). Diger
taratan, iNOS aktivasyonunun osteoblast
aktivitesini onemli olctude azalttigina dair
calismalar mevcuttur (1). Ancak bu
calismada iNOS u¢ farkli  dozda
kullanilmasina ragmen, ortodontik dis
hareketi tizerine belirgin bir etkisi olmamustir.

Bu calismada, nNOS gruplarindaki BV/TV,
TN and Tr.Sep degerlerindeki farkliliklar,
diger deney ve gruplaryla
kiyaslandiginda 6nemsiz bulunmuslardir. Bu
sonuglar bizlere nNOS
deneysel dis hareketi sirasinda mekanik
yukleme esnasinda kemik dokusu cevabinda
herhangi bir degisiklige neden olmadigini
gostermektedir. Van’t Hof ve ark. (18), nNOS
geninin spesifik inaktivasyonu yapilmis
farelerde, nNOS 'un kemik metabolizmasi

kontrol

inhibisyonunun,
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osteoclasts reached their maximum values
and at 72nd hour the resorption areas began
to decrease. Between 84th and 108th hours,
insignificant reduction occurred related to
the resorption areas and osteoclast numbers
(33).
determined that our study had to continue

According to that study, it was
more than 108 hours in order to obtain a
stable local environment around the moved
teeth. Based on previous studies related to
experimental tooth movement in rats (43-45)
it was chosen an experimental period of 7
days and a force level of approximately 60 g.
Preparation of histological sections was
“Cutting-
Grinding Technique”, which was preferred as

performed according to the

a contemporary technique in previous studies
(11, 18, 20, 26, 28, 29, 43, 44).

Watanuki et al. (19) examined iNOS gene
knockout (KO) mice in the tail-suspension
model. Histomorphometric analyses of
proximal tibias revealed that 7 days of tail
suspension decreased the bone volume
(BV/TV) and bone formation rate (BFR/BS)
and increased the osteoclast surface
(Oc.S/BS) in mice with all iNOS genotypes.
When the outcomes of the TAS analysis in the
study
insignificant alterations in iNOS groups

current were interpreted; the
compared to control groups for BV/TV, Tr.N
and Tr.Sep revealed the possibility that the
main responsible enzyme in orthodontic
tooth movement is not iNOS. Hayashi et al.
(26) examined the role of NO in orthodontic
tooth movement in rats and they used

specific inhibitors of NOS. The authors

Sekil VI. Kuvvet grubunun
histolojik kesiti (Grup 11); A)
trabekiiler kemik, B) kemik

rezorbsiyon alani, C) birinci

molar disin kokd.

Figure VI. Histological

section of Force group (Group

11); A) trabecular bone, B)

bone resorption area, C) root

of the first molar.
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Tablo I. Tim gruplarm

Trabekiiler Kemik Hacmi,

Trabekiiler Kemik Sayisi ve

Trabekiiler Ayriklik

parametrelerinin tanimlayici

istatistikleri.

Table I. Descriptive Statistics

of Trabecular Bone Volume,

Trabecular Bone Number and

Trabecular Separation for all

Groups.

Tablo IL. Tiim gruplarin
Kruskal-Wallis testi.

Table II. Kruskal-Wallis test of

248

all groups.
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Gruplar/ BV/TV Tb.N Tb.Sep
Groups X ss ss X ss
Grup 1/

Group 1 15.975 4.909 19.235 6.609 62.020 11.670
Grup2/

Group 2 19.743 4.368 19.312 4.506 63.527 10.997
Grup 3/

Gronp 3 17.756 7.344 17.007 9.268 66.682 14.923
Grup 4/

Gronp 4 19.341 6.638 22,296 6.293 61.826 10.101
Grup 5/ 10.675 4.116 10.544 3.095 104.706 17.272
Group 5 : : : . . .
Grup 6/ 16400 6760 16109  9.718 66.536 7.165
Group 6 : : : . . .
Grup 7/

Group 7 17.867 9.714 20.961 10.282 62.595 4812
Grup 8/

Group 8 15.653 7.793 16.211 7.676 61.935 6.471
Grup 9/

Gronp 9 17.803 3.974 17.989 3.519 62.151 6.184
Grup 10/

Gronp 10 17.165 8.654 19.494 5.887 64.329 13.937
Grup 11/

Group 11 18225 12783  19.168 8.661 64.800 12.994

BV/TV: Trabekdiler Kemik Hacmi,

Tr.N: Trabekuler Kemik Sayisi, Tr.Sep: Trabekuler Ayriklik,

X : Ortalama, SS: Standart Sapma. / BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number,
Tr.Sep: Trabecular Separation, X : Mean, SD: Standard deviation.

X2 p Anlgirg-llllk/
BV/TV 16.690 0.082 OD/NS
Tb.N 20.692 0.023 *
Th.Sep 43.402 <0.001

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi,
Tr.Sep: Trabekdler Ayriklik. / BV/TV: Trabecular Bone Volume,
Tr.N: Trabecular Bone Number, Tr.Sep: Trabecular Separation,
Sig: Significance .

*P < .05, *** P < .001, OD: Onemli Degil. / NS: not significant.

lzerine etkilerini arastirmiglardir.  Bizim
bulgularimizin  aksine, nNOS olmayan
farelerde, kontrol gruplariyla kiyaslandiginda
trabekuler kemik hacminde % 67’lik bir artis,
kortikal ve trabekuler kemik kalinliklarinda %
10 oraninda artis bulunmustur (18). eNOS ve
nNOS, kemikteki en etkili NOS enzimleridir
(37-39); ancak Van’t Hof ve ark.(18)'nin
calismasinda nNOS geni inaktivasyonuna
bagl olarak nNOS’un, kemik turn over’inda
daha aktif rol oynayabilecegi sonucu
ctkmaktadir. Yakin gelecekte, eNOS ve nNOS
KO deneklerde, bu iki izoformdan hangisinin
dis hareketinde daha etkin rol oynadiginin

arastirllmasinin  yararli olacagi dustnal-
mektedir.
TAS  analizinin  sonuclari eNOS

gruplarinda; ozellikle Grup 5 (30ug) diger
gruplarla kiyaslandiginda, BV/TV, Tr.N ve
Tr.Sep degerlerinde istatiksel olarak anlamli
degisiklikler gostermistir. Grup 5'te gozlenen
BV/TV, Tr.N diistst ve Tr.sep artisi, hem grup

determined that the local administration of
N(G)-nitro-L-arginine methyl ester HCI (L-
NAME), a general inhibitor of NOS activity,
significantly reduced tooth movement,
wheras N(6)-(1-iminoethyl)-L-lysine 2HCI (L-
NIL), a selective inhibitor of the inducible
isoform of NOS, had no effect. The
observation of Hayashi et al. (26) revealed
that NO is produced primarily through the
activity of eNOS in periodontal tissue. That
outcome is in accordance with our results.
Contrary to our findings, it was also suggested
that NO generated by iNOS in osteoblasts
plays a critical role in adjusting bone
turnover and increasing osteogenic activity in
response to the acute increase in mechanical
loading (19). On the other hand, there are
studies, which show that iNOS activation
significantly inhibits osteoblast activity (1).
Although iNOS was used in three different
doses in the present study, there was no

Tirk Ortodonti Dergisi 2012;25:239-256
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wporops BIDSIS Q g
BV/TV -3.768 2.078 -1.813 0.087 NS
-2 Tp.N -0.077 2.530 -0.030 0.976 NS
Tb.Sep -1.507 5.071 -0.297 0.770 NS
BV/TV -1.781 2.794 -0.638 0532 NS
iNOS -3 TpN 2.138 3.600 0.594 0.560 NS
Tb.Sep -4.662 5.991 -0.778 0.447 NS
BV/TV 1.987 2.702 0.735 0.472 NS
23 Tb.N 2.215 3.259 0.680 0.505 NS
Tb.Sep -3.155 5.862 -0.538 0.597 NS
BV/TV 8.666 2.470 3913 0.001
45 TbN 11.752 2.218 5.299 0.001
Tb.Sep -42.880 6.327 -7.121 0.001
BV/TV 2.941 2.996 1.316 0.205 NS
eNOS 46 TN 6.187 3.661 1.690 0.108 NS
Tb.Sep -4.710 4653 -0.642 0.456 NS
BV/TV 5.725 2.503 -2.287 0.035 *
56 TpN -5.565 3.225 -1.726 0.046 *
Tb.Sep 38.170 5.913 6.455 0.001
BV/TV 3.429 3.938 0.871 0.395 NS
78 TpN 4749 4057 1342 0.196 NS
Tb.Sep 0.660 2.550 0.259 0.799 NS
BV/TV 0.064 3.319 0.019 0.985 NS
nNOS 79 1pN 2972 3.436 0.865 0.398 NS
Tb.Sep 0.444 2478 0.179 0.860 NS
BV/TV -3.364 2.766 -1.216 0.240 NS
89  Tb.N 2.472 2.670 -0.926 0.367 NS
Tb.Sep -0.216 2.830 -0.076 0.940 NS
BV/TV -1.060 4.882 -0.217 0.830 NS
Kontrol/ . 4 NS
Control Tb.N 0.325 3.312 0.098 0.923
Tb.Sep -0.471 4.026 -1.743 0.098 NS

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabektler Kemik Sayisi, Tr.Sep: Trabekuler Ayriklik, OF : Ortalama
Fark, SH: Standart Hata. / BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number, Tr.Sep:
Trabecular Separation, MD: Mean difference, SE: Standard error, Sig: Significance.

*P < .05, ** P < .001,. NS: not significant.

ici ve hem de gruplar arasi karsilastirmalarda
istatiksel olarak anlamli bulunmustur. Bu
bilgiler bizlere, eNOS’un kemik
metabolizmasinda énemli bir rol tstlendigini
ve etkilerinin dogrudan kemik olusumuna
neden olabilecegini gostermektedir.
Deneysel dis hareketi sirasinda bu etkilerin

gozlenmis  olmasi, bizleri  eNOS’un
ortodontik dis hareketinde birincil NOS
enzimi  oldugu sonucuna varmamizi
saglamaktadir.

Fizyolojik  kosullarda ~ eNOS, NO
aktivasyonuna neden olur ve kemik
formasyonunu dtizenler (20, 39, 40).

Turkish Journal of Orthodontics 2012;25:239-256

significant effect in orthodontic tooth
movement.

In nNOS groups, the alterations in BV/TV,
Tr.N

according to the other experimental and

and Tr.Sep were not significant
control groups in the current study. These
results suggested that inhibition of nNOS did
not alter bone tissue responses to mechanical
tooth
movement. Van't Hof et al. (18) investigated

loading  during  experimental
the role of nNOS in bone metabolism by
studying mice with targeted inactivation of
the nNOS gene. Contrary to our findings, in

nNOS KO mice, there is a 67% increase in

Tablo III. Trabekiiler Kemik
Hacmi, Trabekiiler Kemik
Sayis1 ve Trabekiiler Ayriklik
parametrelerinin grup ici
farkliliklarinin

karsilastiriimasi.

Table III. Comparison of
Intra-group Differences for
Trabecular Bone Volume,
Trabecular Bone Number and

Trabecular Separation.
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Tablo IV. Trabekiiler Kemik

] ) i Gruplar / Parametreler/ OF / SH/ Z p Anlamhhk/
Hacmi, Trabekiiler Kemik Groups Parameters MD SE Sig
Sayis1 ve Trabekiiler Ayriklik BV/TV 4.366 2611 1672 0.112 NS
parametrelerinin gruplar -4 To.N -3.061 2.886 -1.061 0.303 NS
arasi farkliliklarinin (iNOS ile Tb.Sep 0.194 3.886 0.053 1.083 NS
eNOS, nNOS ve Kontrol iNOS BV/TV 5.300 2.026 2616 0.017 *
Gruplar arasinda) (10ghl) 4.5 g 8.691 2.308 3.766 0.001
Karsilastirilmas. eNOS Tb.Sep -42.686 6.592 -6.475 0.001
BV/TV -0.424 2.642 -0.161 0.874 NS
Table IV. Comparison of -6 TbhN 3.126 3.716 0.841 0.411 NS
Between-Group Differences Tb.Sep -4.516 4.331 -1.043 0.311 NS
(between iNOS and eNOS, BV/TV -1.892 3.442 -0.550 0.589 NS
nNOS, Control Groups) for -7 TpN 1.726 3.865 -0.447 0.660 NS
Trabecular Bone Volume, Tb.Sep 0575 3.992 -0.144 0.887 NS
Trabecular Bone Number and iNOS BV/TV 1537 2913 0.528 0.604 NS
Trabecular Separation. (0w 18 1o 3.718 3.203 1.161 0.261 NS
nNOS Tb.Sep 0.085 4.220 0.020 0.984 NS
BV/TV -1.828 1.997 -0.915 0.372 NS
19 TpN 1.246 2.368 0.526 0.605 NS
Tb.Sep -0.131 4177 -0.031 0.975 NS
BV/TV -1.190 3.146 -0.378 0.710 NS
iNOS 110 TpN -0.258 2.799 -0.092 0.927 NS
(1052“1') Tb.Sep -2.309 3.748 1.343 0.196 NS
Kontrol / BV/TV -2.250 4.330 -0.520 0.610 NS
Control 411 71, 0.067 3.445 0.019 0.985 NS
Tb.Sep -2.780 5.523 -0.503 0.621 NS
BV/TV -0.598 2513 -0.238 0.815 NS
24 TpN -2.984 2.448 -1.219 0.238 NS
Tb.Sep 1.701 3.295 0.463 0.562 NS
iNOS BV/TV 9.068 1.898 4.777 0.001
(BOghl) 2.5 g 8.768 1.729 5.072 0.001
eNOS Tb.Sep 41179 6.475 -6.360 0.001
BV/TV 3.344 2545 1.314 0.205 NS
26 Tp.N 3.203 3.387 0.946 0.357 NS
Tb.Sep -3.009 4151 -0.725 0.478 NS
BV/TV 1.876 3.368 0.557 0.584 NS
iNOS 27 Tp.N -1.649 3.550 -0.465 0.648 NS
(30ug/ul) Tb.Sep 0.932 3.796 0.246 0.809 NS
nNOS BV/TV 4.090 2.825 1.878 0.077 NS
28 TpN 3.795 2.815 1.348 0.194 NS
Tb.Sep 1.592 4.035 0.395 0.698 NS

Mekanik uyarana bir cevap olarak, eNOS trabecular bone volume compared with

periodontal dokudaki NO trretimi icin gerekli
olan esas izorformdur (11, 20, 41). invitro

controls and an increase of about 10% in

cortical and trabecular thickness (18).

250

Increased bone mass and decreased bone

caligmalarda  benzer sekilde, gerilim

kuvvetleri altinda, periodontal  hiicre turnover, indicated that the nNOS isoform
kiiltiirlerinde, eNOS aktivasyonu sonucu NO plays an important role in the regulation of
tretilmektedir (14). Bu bulgular, bizim bone mass and bone turnover in mice (18).

bulgularimiza benzerlik gostermektedir.
eNOS'un dtzenli dretimi, osteoklastik
fonksiyonun uyarilmasina neden olmaktadir

eNOS and nNOS are the most effective NOS
enzymes in bone (37-39), but in Van’t Hof et
al’s (18) study, nNOS would be possible

Tirk Ortodonti Dergisi 2012;25:239-256
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BV/TV 1.940 1.867 1.039 0.313 NS

29 ThN 1.323 1.808 0.732 0.474 NS

Tb.Sep 1.376 3.990 0.345 0.734 NS

BV/TV 2578 3.065 0.841 0.411 NS

iNOS 210 Tb.N -0.181 2.344 -0.077 0.939 NS
(30ug/ul) Tb.Sep -0.802 2614 1.644 0.118 NS
Kontrol/ BV/TV 1518 4272 0.355 0.726 NS
Control 511 1pN 0.144 3.087 0.047 0.963 NS
Tb.Sep -1.273 5.383 -0.236 0.816 NS

BV/TV -2.585 3.131 -0.826 0.420 NS

34 TpN -5.199 3.543 -1.468 0.159 NS

Tb.Sep 4.856 4795 0.685 0.432 NS

iNOS BV/TV 7.081 2.662 2.660 0.016 *
e R 6.553 3.090 2.121 0.048 :
eNOS Tb.Sep -38.024 7.218 -5.268 0.001
BV/TV 1.357 3.157 0.430 0.672 NS

36 To.N 0.988 4.246 0.233 0.819 NS

Tb.Sep 0.146 5.235 0.028 0.978 NS

BV/TV -0.111 3.851 -0.029 0.977 NS

37 TbN -3.864 4.377 -0.883 0.389 NS

Tb.Sep 4.087 4.958 0.824 0.421 NS

iNOS BV/TV 3.318 3.386 0.980 0.340 NS
(100W9M) 3.8 75 1,580 3.805 0415 0.683 NS
nNOS Th.Sep 4.747 5.144 0.923 0.368 NS
BV/TV -0.047 2.641 -0.018 0.986 NS

39 TpN -0.892 3.135 -0.285 0.779 NS

Tb.Sep 4532 5.108 0.887 0.387 NS

BV/TV 0.591 3.589 0.165 0.871 NS

iNOS 310 Tp.N -2.396 3.472 -0.690 0.499 NS
(10?/“89/11') Tb.Sep 2.353 2.457 0.918 0.071 NS
Kontrol/ BV/TV -0.469 4.662 -0.101 0.921 NS
Control 541 1\ 2,071 4.011 0.516 0612 NS
Tb.Sep 1.882 6.257 0.301 0.767 NS

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sep: Trabekdler Ayriklik,
OF: Ortalama Fark, SH: Standart Hata. / BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number,
Tr.Sep: Trabecular Separation, MD: Mean difference, SE: Standard error, Sig: Significance.

*P<.05,** P <.001,, NS: not significant.

(42). Buna karsin, bizim calismamizda eNOS
inhibisyonu Tr.Sep artisi ile sonuglanmistir. Bu
degerlendirme bizlere, eNOS'un sadece
kemik rezorbsiyonunda degil, ayni zamanda
kemik formasyonunda da
oynadigini gostermektedir. Ancak, eNOS
inhibisyonuna bagli BV/TV dusisi, kemik
formasyonunda daha aktif oldugunu ortaya
koymaktadir. Aguirre ve ark. (11), eNOS un
etkilerini eNOS inaktive edilmis farelerde
incelemis ve % 45 kemik hacminde ve % 52
kemik formasyonunda azalma ile sonuclanan

onemli  rol

osteoblast maturasyonu ve aktivitesinde
defektler tespit etmislerdir. Grup 5’te (eNOS
30ug), kontrol gruplarina (Grup 10 ve 11)

Turkish Journal of Orthodontics 2012;25:239-256

more active in bone turnover owing to
nNOS gene. An
appropriate future study would be usefull to

inactivation of the

determine which of the two isoforms is more
active in orthodontic tooth movement using
eNOS and nNOS KO animals.

The outcomes of the TAS analysis
revealed statistically significant alterations in
BV/TV, Tr.N and Tr.Sep for the eNOS groups,
especially Group 5 (30pg) compared to the
other groups. Decreases in BV/TV and Tr.N
and, increase in Tr.Sep in Group 5 were
significant both in the comparison of
intragroup differences and between-group

differences. These data indicate that eNOS

Tablo IV devami. Trabekiiler
Kemik Hacmi, Trabekiiler
Kemik Sayis1 ve Trabekiiler
Ayriklik parametrelerinin
gruplar arasi farkliliklarmin
(ANOS ile eNOS, nNOS ve
Kontrol Gruplar1 arasinda)

karsilagtirilmasi.

Table IV continue.
Comparison of Between-
Group Differences (between
iNOS and eNOS, nNOS,
Control Groups) for
Trabecular Bone Volume,
Trabecular Bone Number and

Trabecular Separation.
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Tablo V. Trabekiiler Kemik

Hacmi, Trabekiiler Kemik g::gz:fsr / E::gmg:;?lser/ (I?II'I:J/ gg / V4 p glngl amhilik/
Sayis1 ve Trabekiiler Ayriklik
o BV/TV 2.473 3.720 0.665 0.515 NIS
parametrelerinin gruplar 47 TpbN 1.335 3.812 0.350 0.730 NS
arasi farkliliklarinin (eNOS ile Tb.Sep -0.769 1534 -0.462 0732 NS
nNOS ve Kontrol Gruplart eNOS BV/TV 3.688 3.237 1.823 0.085 NS
arasinda) karsilastirilmasi. (10525341') 48 TpN 6.085 3043 1793 0.102 NS
nNOS Th.Sep -0.109 1.925 -0.254 0.687 NS
Table V. Comparison of BV/TV 2538 2.447 1.037 0.313 NS
Between-Group Differences 49 TpN 4.307 2.280 1.889 0.075 NS
(between eNOS and nNOS, Th.Sep -0.325 1.427 -0.518 0.823 NS
Control Groups) for
Trabecular Bone Volume, BV/TV 3.176 3.449 0.921 0.369 NS
Trabecular Bone Number and eNOS 4-10 TpN 2.803 2.725 1.029 0.317 NS
Trabecular Separation. (100D ToSp 2503 3528 -1319 0204 NS
Kontrol / BV/TV 2.116 4,555 0.464 0.648 NS
Control 441 3.128 3.386 0.924 0.368 NS
TbSp -2.974 4742 -0.456 0.712 NS
BV/TV 7.192 3.336 -2.156 0.045 *
57 TphN -10.417 3.395 -3.068 0.007 *x
Tb.Sep 42.111 5.670 7.427 0.001
eNOS BV/TV -4.978 3.542 -1.350 0.046 *
(S0ghl) 58 7o -5.634 3.652 1086 0.039 -
nNOS Tb.Sep 42.771 5.833 7.333 0.001
BV/TV -7.128 1.809 -3.940 0.001
59 TpN -7.445 1.482 -5.024 0.001
Tb.Sep 42 555 5.802 7.335 0.001
BV/TV -6.490 3.030 -2.142 0.046 *
eNOS 5-10 TpN -8.949 2.103 -4.255 0.001
(30584”) TbSo 40.377 6.018 6.182 0.001
Kontrol / BV/TV -7.550 4.247 -1.778 0.047 *
Control 541 qpy -8.624 2.909 2965  0.008 -
TbSp 39.906 6.835 5.838 0.001
BV/TV -1.468 3.742 -0.392 0.699 NS
67 TbN -4.852 4.474 -1.085 0.292 NS
Tb.Sep 3.941 2.729 1.444 0.166 NS
eNOS BV/TV 1.961 3.262 0.601 0.555 NS
(1009h) 6.8 1 0592 3916 0.151 0.882 NS
nNOS Tb.Sep 4.601 3.053 1.507 0.149 NS
BV/TV -1.404 2.480 -0.566 0.578 NS
6-9 TpN -1.880 3.268 -0.575 0.572 NS
Tb.Sep 4385 2.993 1.465 0.160 NS
BV/TV -0.765 3.472 -0.220 0.828 NS
eNOS 6-10 TpN -3.384 3.593 -0.942 0.359 NS
(10%9/“') Tb.Sep 2.207 3.137 0.673 0.436 NS
Kontrol/ BV/TV -1.826 4573 -0.399 0.694 NS
Control  6.11 14 -3.059 4.116 0743 0.467 NS
Tb.Sep 1.736 4.692 0.370 0.716 NS

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sep: Trabekuler Ayriklik,

OF: Ortalama Fark, SH: Standart Hata. / BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number,
Tr.Sep: Trabecular Separation, MD: Mean difference, SE: Standard error, Sig: Significance.

*P < .05, " P < .01, ** P <.001, NS: not significant.

Tirk Ortodonti Dergisi 2012;25:239-256
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gruplar / Parametreler/ OF/ SH/ z p Anlamlilik/
roups Parameters MD SE Sig

BV/TV 0703 4.114 0.171 0.866 NS

nNOS 7-10 Tp.N 1468  3.747 0.392 0.700 NS
(10\58/“') Tb.Sep 1734 2.662 1.779 0.092 NS
Kontrol/ BV/TV 0358 5077 -0.070 0.945 NS
Control 741 1793 4.251 0.422 0.678 NS
ToSp 2205  4.382 -0.503 0.621 NS

BV/TV 2726  3.683 -0.740 0.469 NS

nNOS 810 TbN 3977  3.059 -1.300 0.210 NS
(30\52/“') Tb.Seo 2394  2.859 1.571 0.134 NS
Kontrol / BV/TV 3787 4734 -0.800 0.434 NS
Control  g.11 qpy 3651  3.660 -0.998 0.332 NS
ToSp 2865  4.590 0.624 0.540 NS

BV/TV 0.638  3.011 0.212 0.835 NS

nNOS 9-10 Tp.N -1505  2.169 -0.694 0.497 NS

(1 0?/“89/“') Tb.Sep 0471 1.822 1.628 0.121 NS
Kontrol / BV/TV 0422 4233 -0.100 0.922 NS
Control  g.11 1y 4179 2.956 -0.399 0.695 NS
TbSep 2649 4551 0,582 0.568 NS

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sep: Trabekuler Ayriklik,
OF: Ortalama Fark, SH: Standart Hata. / BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone
Number, Tr.Sep: Trabecular Separation, MD: Mean difference, SE: Standard error, Sig: Significance

NS: not significant.

kiyasla, BV/TV ve Tr.N disiisti ve Tr.Sep artis
sirastyla 39.67 %, 45.46 % ve 59.70 %
oranlarinda gerceklesmistir.

eNOS inhibitori uygulanmis gruplari
inceledigimizde, Grup 5 ile Grup 4 ve 6
karsilastinldiginda, anlamli Tr.Sep artisina
karsin, BV/TV ve Tr.N anlamli oranda dusts
gostermislerdir. Buna ek olarak, Grup 4 ve
6’da, kontrol gruplari ile karsilastinldiginda
istatiksel  olarak  anlamli  farkliliklar
bulunmamistir. Bu iki bulgu bizlere, eNOS
yoluyla NO bagimli
olmadigini gostermektedir. Buna karsin,
uygun doz belirli bir aralikta olup, dustk
veya yilksek dozlar etki etmemektedir.
Dolayisiyla, eNOS inhibisyonunun artisi igin,
doz artigi gereksiz gorilmektedir. Bu bulgular,
eNOS inhibisyonu ya da aktivasyonu icin
gerekli olan uygun doz araliginin tespiti icin
daha kapsamli ve daha kuictik doz araliklari
ile  calismalarin  yapilmasi  gerektigini
gostermektedir.

sentezinin doza

SONUC
eNOS gruplari digerleriyle karsilastinginda
BV/TV ve Tr.N dusustine bagl olarak, bizim

bulgularimiz  eNOS'un, ortodontik dis

Turkish Journal of Orthodontics 2012;25:239-256

could have an important role in bone
metabolism and its effect could be primarily
through an increase in bone formation.
Observing this effect during experimental
tooth movement made us conclude that in
orthodontic tooth movement eNOS could be
the primary NOS enzyme.

Under physiological conditions eNOS
provides NO activation and regulates bone
(20, 39, 40). In response to
mechanical stimulus, eNOS is the major

formation

isoform that is needed for NO production in
periodontal tissue (11, 20, 41). Similarly in
in-vitro studies it was concluded that, under
tension forces, cultured periodontal cells
produce NO via eNOS activation (14). These
findings are in accordance with our study.
Constant synthesis of eNOS leads to
stimulation of osteoclastic function (42). In
contrast to this, in our study eNOS inhibition
resulted in an increase in Tr.Sep. This
assessment indicates that eNOS plays an
important role not only in bone resorption
but also in bone formation. However,
decrease in BV/TV due to eNOS inhibition
indicates that it is more active in bone

Tablo VI. Trabekiiler Kemik

Hacmi, Trabekiiler Kemik

Sayisi ve Trabekiiler Ayriklik

parametrelerinin gruplar

arasi farkliliklarinin (nNOS

ile Kontrol Gruplar1 arasinda)

karsilastirilmasi.

Table VI. Comparison of

Between-Group Differences

(between nNOS and Con

trol

Groups) for Trabecular Bone

Volume, Trabecular Bone

Number and Trabecular

Separation.
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hareketi sirasinda kemik sekillenmesinde rol
oynayan birincil izoenzim olabilecegini
gostermektedir. Calismamizda elde edilen
sonuclara gore, eNOS yoluyla NO sentezinin
doza bagimli olmadigi optimum doz
arahiginin 30pg/pl 'a yakin oldugu, yiiksek ve
dusiik dozlarin etkisinin olmadigi sonuglarina
varilmistir.

TESEKKUR

Bu ¢alisma, Gulhane Askeri Tip Akademisi
tarafindan desteklenmis ve c¢alismanin
histomorfometrik  incelemesi  Cukurova
Universitesi laboratuarlarinda gercekles-
tirilmisgtir.

Bu c¢alisma, 82. Avrupa Ortodonti Kongre-
sinde poster tebligi olarak sunulmustur.

Biilbiil, Olmez, Akin, Mermut Gokge, Karacay, Kiirkcti

formation. Aguirre et al. (11) demonstrated
the effect of eNOS in eNOS gene inactivated
mice, and they revealed that there are defects
in osteoblast maturation and activity, which
results in 45% decrease in bone volume, and
52% decrease in bone formation. These
findings very well match our results. In Group
5 (eNOS 30pg), the decreases in BV/TV and
TN, and increase in Tr.Sep were
approximately 39.67%, 45.46% and 59.70%
according to the control groups (Group 10
and 11) respectively.

When we evaluated eNOS inhibitor
applied groups, BV/TV and Tr.N were
decreased significantly in Group 5 compared
to Group 4 and 6, whereas Tr.Sep is increased
also significantly. In addition, in Group 4 and
6, there were not statistical significant
differences compared to control groups.
These two findings suggest that NO synthesis
through eNOS is not dose-dependent. In
contrast, optimum dose is in a certain range,
and lower or higher doses do not have any
effect. Therefore, to increase the inhibition of
eNOS, dose increase is not reasonable. These
data reveal the need for a broader study with
narrower dose intervals to determine the
optimum dose that assesses only eNOS
inhibition or activation.

CONCLUSION

Due to the decrease of BV/TV and Tr.N in
eNOS groups compared to others, our data
suggest that eNOS could be the primary
isoenzyme involved in bone remodeling
during orthodontic tooth movement.
According to the current study’s result we
concluded that NO synthesis through eNOS
could not have a dose-dependent effect,
optimum dose is close by 30pg/ul, and lower
or higher doses do not have any effect.
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