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Abstract Nitric oxide synthase (NOS) has been reported
to be involved with both bone healing and bone metabo-
lism. The aim of this study was to test the null hypothesis
that there is no correlation between new bone formation
during mandibular distraction osteogenesis and NOS
expression in the trigeminal ganglion of rats. Newly
formed tissue during distraction osteogenesis and trigemi-
nal NOS expression measured by the NADPH-diaphorase
(NADPH-d) reaction were evaluated in 72 male Wistar rats
by histomorphometric and histochemical methods. In ani-
mals submitted to 0.5 mm/day distraction osteogenesis, the
percentage of bone tissue was higher in the basal area of
the mandibles compared with the center and significantly
increased through the experimental periods (P < 0.05). At
the sixth postoperative week, the difference in bone for-
mation between the continuous and acute distraction
osteogenesis groups was the highest. Significant correlation
between new bone formation by distraction osteogenesis
and NADPH-d-reactive neurons was found, varying
according to neuronal cell size (r = —0.6, P = 0.005,
small cells strongly stained; » = 0.5, P = 0.018, large cells
moderately stained). The results suggest that NOS may
play a role in the bone healing process via neurogenic
pathways, and the phenomenon seems to be neuronal cell
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morphotype-dependent. Further studies are now warranted
to investigate the mechanistic link between the expression
of trigeminal NOS and mandibular new bone formation by
distraction osteogenesis.
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Distraction osteogenesis is a biologic process of new bone
formation between the surfaces of two bone segments,
gradually separated by incremental traction [1, 2]. The
distraction osteogenesis model in rat mandibles has been
shown to be appropriate for investigations on new bone
formation and bone healing [3-5].

Nitric oxide (NO) is considered an important signaling
molecule in bone and is connected to inflammatory
responses, vasoregulation, neurotransmission, neuropathic
pain, sex hormones, mechanical strain, and mineralization
[6-9]. Tt is a free-radical gas that acts as an intercellular
messenger or an “atypical neurotransmitter” [10], synthe-
sized intracellularly by NO synthase (NOS), which
converts L-arginine into L-citrulline with the aid of
molecular oxygen and nicotinamide adenine dinucleotide
phosphate (NADPH) as a cofactor [11]. Histochemical
staining for NADPH-diaphorase (NADPH-d) is a method
generally accepted to detect neuronal NOS [12, 13].

Until now, the role of trigeminal NOS in bone healing
has been investigated in a limited number of studies. It has
been shown that bone fracture healing can be significantly
improved if the surrounding tissues are supplemented with
an extra dose of NO [14-16] and that organic fluid shear
stress could stimulate its expression [17-19]. In an in vivo
study, Davies et al. [20] observed that neuronal NOS could
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present ectopic activity at a trigeminal nerve injury site.
Furthermore, possible endocrine or neurogenic pathway
involvement in changes of bone mineral density and turn-
over has been demonstrated in neuronal NOS knockout
mice [8].

The purpose of this study was to test the null hypothesis
that there is no correlation between newly formed bone by
distraction osteogenesis in the mandible and NOS expres-
sion in the trigeminal ganglion of rats.

Materials and Methods

In the present study, 72 male Wistar rats (300-320 g) were
housed in groups of six per cage, kept in a temperature-
controlled room (23-25°C), with a light/dark cycle of 12/
12 hours and free access to food and water. The research
protocol was reviewed and approved by the Ethics Com-
mittee for Animal Research, and all efforts were made to
minimize animal suffering.

Surgical Procedures

An earlier pilot study (n = 4 rats) demonstrated the fea-
sibility of a previously described distraction osteogenesis
technique in the mandible of rats [3].

The animals were randomly divided into three groups of
24 subjects. After anesthesia with tribromoethanol
(250 mg/kg), groups DO (distraction osteogenesis) and AD
(acute distraction) had the right mandible body partially
osteotomized and two titanium screws (MDT, Rio Claro,
SP, Brazil) placed 2 mm from the segmented borders and
linked to an orthodontic appliance (Morelli, Sorocaba, SP,
Brazil) with Duralay acrylic resin (Reliance, Worth, IL).
After stabilization, the osteotomy was completed, and this
assembly functioned as the distractor device. Group AD
had the segments separated acutely by 2.5 mm and stabi-
lized at the end of the surgical procedure and served as a

Fig. 1 (a) Schematic
representation of the osteotomy
and distractor appliance for
distraction osteogenesis of the
rat mandible. (b) Rat with
distractor device showing
deviation of the mandibular
incisors from the median line
after application of distraction
osteogenesis
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control for the distraction osteogenesis technique. In group
DO, after a latency period of 7 days, the distractor was
activated at a 0.5 mm/day rate for 5 days, resulting in a
total lengthening of 2.5 mm (Fig. 1a). After surgery, the
animals were treated with 1,200,000 U of pentabiotic (Fort
Dodge, Campinas, SP, Brazil). Group NT (nontreated) had
the same housing medication and feeding conditions but no
surgical treatment and was the control group for NOS
expression.

Eight animals per group were killed at either 2, 4, or
6 weeks from the beginning of the experiment by perfusing
100 mL 4% paraformaldehyde through their cardiovascular
system, after being deeply anesthetized with urethane
37.5% (1.5 g/kg). The mandibles were dissected and
reduced to smaller blocks for histologic and histomorpho-
metric analyses. The trigeminal ganglions were removed,
soaked for 2 hours in 4% paraformaldehyde in 0.1 M
phosphate buffer solution, and frozen to —70°C for histo-
chemical analysis through the NADPH-d reaction.

Histochemical Processing

Twelve sections of 40 um from each of the bone samples
of all groups were cut in a cryostat (CM1850; Leica,
Heidelberg, Germany). Histologic evaluation was carried
out on individual tissue sections with Nissl staining. This
method, commonly used for identifying the basic neuronal
structure in brain or spinal cord tissue, stains purple Nissl
bodies in the cytoplasm of neurons and can be applied on
formalin-fixed, paraffin-embedded tissue sections as well
as frozen sections [21].

Histochemical reactions were performed according to
previously reported methods [22]. NADPH-d activity was
demonstrated by incubating sections in 0.1 M phosphate
buffer, pH 7.4, containing 0.3% Triton X-100, 0.1 mg/mL
nitroblue tetrazolium, and 1.0 mg/mL B-NADPH at 37°C
for 45 minutes in the dark. The sections were then dipped
for 10 minutes in phosphate buffer, dried, rinsed in
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distilled water, dried again, and mounted for microscopic
observation. NADPH-d-positive neurons could be visual-
ized as a blue reaction product, and their location was
determined using the Paxinos and Watson atlas [23].

Quantification Method

A preliminary qualitative analysis, performed by a blind
examiner, identified the ganglia regions with high neuronal
labeling. Positively stained neurons exhibited labeled
soma, with distinct stain intensity. The number of stained
neurons per ganglion, bilaterally, from an area of
100,000 pm?, was measured using a computerized image
analysis system (NIH Image System; National Institutes of
Health, Bethesda, MD). Images were captured from slices
using a Leica microscope, a charge-coupled device camera,
and NIH Image software 9.0. They were classified and
quantified according to their size (small, <20 pm; medium,
20-30 pm; large, >30 um) and staining intensity (weakly,
moderately, or strongly stained). The average number of
cells stained by the NADPH-d reaction was calculated for
each evaluated region and experimental period and inter-
preted as being representative of NOS expression.

Histologic and Histomorphometric Processing

The specimens were immersed in 4% paraformaldehyde/
0.1 M phosphate-buffer solution for 24 hours, decalcified
in 20% sodium citrate and 30% formic acid solutions for
15-30 days, and neutralized by a 5% sulfate sodium
solution. After being embedded in paraffin, 6-um-thick
sections were cut sagittally and stained with hematoxylin
and eosin and Masson’s trichrome. The histologic sections
of the distraction gap were observed through a grid con-
taining 100 equidistant points, adapted to the eyepiece of a
light microscope (Leica DMRB) connected to a digital
camera (DP11; Olympus, Melville, NY), to measure the
percentage of the new tissue components by a differential
point-counting method [24]. Two thousand points in 10
rectangular fields (83,000 pm?) lying on connective tissue
and bone trabeculac were counted per animal from the
central and basal region of the mandible.

Statistics

Between-group comparisons for bone formation and
NADPH-d-reactive cells were performed using general
linear model analysis of variance with Tukey’s and Sche-
ffe’s post-hoc tests. Pearson’s partial correlations between
the numbers of NADPH-d-reactive neuronal cells and
newly formed bone tissue, adjusted for the effect of dif-
ferent times of death (2, 4, and 6 weeks), were computed
for each combination of neuronal cell sizes and staining

intensities, which reflected the linear association between
new bone formation and neuronal NOS expression. Fish-
er’s Z statistic [25] was used to test the null hypothesis.
Two-tailed P < 0.05 was considered statistically
significant.

Results
Clinical Findings

Due to the fragility of rat mandibles, stabilization of some of
the distractor devices was difficult, mainly during the first
week. Five out of the 48 animals treated with mandibular
distraction were replaced because the distractor device
loosened (10.42%) and three because of death (6.25%). The
body weight (mean + standard deviation [SD]) of the ani-
mals submitted to surgical procedures was 313.9 + 38.6 g at
the day of surgery and 320.3 4+ 63.2 g at the day of death.
Clinically, a deviation of the mandibular incisors from the
median line was observed in animals from groups DO and
AD after complete activation of the distractor (Fig. 1b).

Histochemical, Histomorphometric, and Histologic
Analyses

Although there was a higher number of stained neurons in
the wounded side compared to the contralateral side of
group DO, the difference was not significant (P = 0.09).
Examples of NADPH-d-reactive neuron morphotypes are
illustrated in Figures 2 and 3.

In the trigeminal ganglia of group DO, the number of
small cells strongly stained by the NADPH-d reaction
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Fig. 2 Small (arrowhead), medium (thin arrow), and large (thick
arrow) NADPH-d-reactive trigeminal neuronal cells from group DO
after 4 weeks of consolidation. Scale bar = 50 um
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Fig. 3 Small strongly stained (thin arrow) and large weakly stained

(thick arrow) trigeminal neuronal cells from group DO after 2 weeks
of consolidation. Scale bar = 50 pm

(11.23 £ 5.5, mean = SD) was significantly higher in
comparison with group NT (8.25 £ 3.29, P < 0.05;
Table 1). There were no significant differences between the
numbers of median and large cells strongly stained from
groups DO and NT. Median strongly stained cell counts
were 8.44 £ 4.39 in group DO and 7.12 & 4.26 in group
NT. Large strongly stained cell counts were 5.02 + 1.93
and 5.23 4+ 1.54 for groups DO and NT, respectively.

In the DO group, a higher percentage of new bone
tissue was found in the basal region compared to the
center of the mandible and the basal bone counts signif-
icantly increased between the 2-week periods (P < 0.05,
Table 2). At the sixth postoperative week, the difference
in bone formation between groups DO and AD was the
highest, although statistically not significant (P = 0.08 for
treatment factor).

More organized and mineralized new bone tissue was
observed in the distraction osteogenesis group after the
fourth and sixth postoperative weeks, when almost com-
plete closure of the distraction gap was seen in
approximately 90% of histologic slices (Figs. 4, 5a).
Fibrous connective tissue mixed with small and immature
trabeculae surrounded by osteoblasts growing toward the
center of the lesion was also present (Figs. 5a, 6). The areas
of fibrous tissue were apparently larger in animals treated
with acute distraction and frequently extended to the bone
cortex (Fig. 5b).

Correlation between Bone Formation and NADPH-d-
Reactive Neurons

Significant correlation between new bone formation by
distraction osteogenesis and NADPH-d-reactive neurons
was found, which varied according to neuronal cell size
and staining intensity (Fig. 7). New bone formation varied
inversely to the numbers of small cells moderately stained
(r = —0.44, P = 0.03) and of small cells strongly stained
(r = —0.56, P = 0.005). In contrast, there was a positive
correlation between new bone formation and medium cells
weakly stained (r = 0.48, P = 0.02) and large cells mod-
erately stained (r = 0.48, P = 0.02).

Discussion

NO is an important regulator of bone metabolism produced
through activation of the NOS enzyme. The null hypothesis
that there is no correlation between new bone formation by
mandibular distraction osteogenesis and NOS expression in

Table 1 Means (SD) number of small, medium and large trigeminal neuronal cells per 100,000 um?® according with their staining intensity by

the NADPH-diaphorase reaction from groups 1 and 3 (n = 24)

Cell size Group DO Group NT (control)
Weakly stained Moderately stained Strongly stained Weakly stained Moderately stained Strongly stained
Small
2 weeks 12.54 (2.77) 11.64 (5.16) 10.10 (2.60)* 10.01 (3.02) 11.69 (3.51) 9.68 (3.08)*
4 weeks 8.73 (4.03) 10.16 (3.89) 12.33 (8.82)* 9.33 (2.69) 8.64 (3.09) 6.39 (2.32)*
6 weeks 7.19 (1.96) 10.56 (3.72) 11.24 (3.45)* 9.01 (3.01) 8.49 (2.73) 8.68 (3.76)*
Medium
2 weeks 17.23 (5.89) 14.89 (3.16) 5.60 (1.26) 15.16 (3.21) 16.47 (5.10) 8.02 (3.15)
4 weeks 16.28 (5.94) 15.08 (4.79) 9.06 (5.05) 16.30 (3.61) 16.80 (4.74) 6.30 (3.47)
6 weeks 13.17 (4.54) 15.44 (4.66) 10.66 (4.58) 13.27 (4.34) 14.77 (3.08) 7.04 (5.99)
Large
2 weeks 5.99 (1.52) 3.41 (0.80) 0.89 (0.33) 4.79 (1.25) 2.75 (1.56) 0.67 (0.43)
4 weeks 5.11 (2.42) 3.73 (1.22) 0.75 (0.69) 5.63 (1.93) 4.11 (1.15) 1.12 (0.69)
6 weeks 3.96 (1.30) 4.36 (1.03) 1.67 (0.93) 5.28 (1.46) 3.92 (1.06) 1.14 (0.61)

Overall mean numbers of small strongly stained cells differed between groups 1 and 3 (*P < 0.05)
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Table 2 Mean (SD) percentage

Group AD (control)

Base® Center Base

of bone tissue counts from the Subgroups Group DO

basal and central area of the Center®

distraction osteogenesis site in

groups 1 and 2 (n = 24) 2 weeks 27.22 (12.97)
4 weeks 37.02 (16.27)
6 weeks 41.25 (26.16)

54.54% (16.51)
69.97* (19.35)
80.37* (13.97)

32.03 (17.19)
47.72 (17.60)
42.16 (19.84)

48.02 (23.07)
59.78 (23.04)
66.03 (26.09)

& % P <0.05 (Tukey test)

Fig. 4 Sagittal Masson’s trichrome-stained section from the distrac-
tion osteogenesis group, 4 weeks after 2.5 mm activation and
stabilization of the distractor device: arrowhead, new formed tissue;
downward arrow, position of screw; rectangles, the basal and central
regions evaluated. Scale bar = 500 pm

the trigeminal ganglion was tested using an experimental
model for distraction osteogenesis in rats. We found evi-
dence of correlation between the content of NADPH-d/
NOS present in the trigeminal ganglion neurons and bone
healing in rat mandibles. Furthermore, this correlation was
cell morphotype-dependent and more pronounced among
the smaller neuronal cells. Therefore, the null hypothesis
was rejected.

It is known that NO released from bone cells is asso-
ciated with cellular mechanotransduction, exerting a strong
inhibitory effect on osteoclast activity, whereas suppres-
sion of NOS can impair wound healing, angiogenesis, bone
mineralization, and turnover [8, 26]. In the present study,

Fig. 5 Hematoxylin and eosin—
stained sections of the healing
site after 6 weeks of
stabilization. (a) Basal (arrow)
and central (arrowhead) areas
of mandible from group DO. (b)
Extensive area of fibrous
connective tissue (arrow) from
group AD. Scale bar = 100 pum

Fig. 6 Masson’s trichrome—stained section from group DO. Central
area of the mandible, showing connective tissue and newly formed
bone surrounded by osteoblasts after 4 weeks of stabilization. Scale
bar = 100 pm

the variation of NOS expression was investigated in tri-
geminal cells during the bone healing process and found to
be significantly increased in the “small” cell morphotype.
Although this is in contrast with a previous report of
reduced NOS expression after inferior alveolar nerve injury
in ferrets [20], other studies have found an increased con-
centration of NOS in the trigeminal and dorsal root ganglia
following submandibular branch transaction and sciatic
nerve injury, respectively [27-30]. The correlation is also
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Fig. 7 Correlations (r) between
mean percentages (residuals) of
new formed bone tissue by
distraction osteogenesis and
mean numbers (residuals) of
NADPH-d-reactive neuronal
cells in the trigeminal ganglion
from group DO (n = 24)
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in accordance with the increased bone mineral density and
decreased bone turnover in neuronal NOS knockout mice
recently described and considered attributable to a systemic
endocrine or neurogenic pathway [8]. The less intense but
persistent effect in the contralateral trigeminal ganglion
suggested the presence of signaling mechanisms linking
the two sides of the body [27, 31, 32].

Surgical procedures and bone lengthening might have
generated pain to which the animals responded with
movement restriction favoring stability of the bone seg-
ments and tissue differentiation toward healing. It is likely
that these sensory and efferent responses also influenced
NOS expression in the trigeminal nerve as NO has been
implicated in pain mediation and control of jaw reflexes
and movements [33-35], other than with a local response
from bone cells. Another possible participation of neuronal
NOS (nNOS) on the healing process is via axonal trans-
portation. Accumulation of nNOS extending 1 mm at an
inferior alveolar nerve injury site has previously been
detected, indicating a possible translocation of the neuronal
enzyme from the cell body to the site of injury [20, 36, 37].

Since the number of small cells expressing NOS corre-
lated inversely with bone formation while the correlation
between the number of medium and large cells was direct,
we speculate that distinct cell morphotypes may influence
the healing process by different mechanisms. The corre-
lation of about 0.5 suggests that NOS may participate in the
bone healing process along with other factors. However, it
was not possible to estimate how much the ganglion

@ Springer

T
5

-40 T T T T

10 15 -2 -1 0 1 2 3

Moderately stained large cells (residuals)

trigeminal NOS either directly or indirectly accounted for
new bone formation. The strictly correlative nature of these
data did not allow testing for a mechanistic link between
NOS expression and bone formation.

The rat model used for distraction osteogenesis proved
to be viable and simple, although some of the devices were
lost during the experimental period, mainly due to loos-
ening of the titanium screws. Although the differences
between groups DO and AD did not reach statistical sig-
nificance (P = 0.08), the distraction osteogenesis
technique showed a tendency to produce higher percent-
ages of new bone tissue. We accredited this nonsignificant
difference to the 2.5 mm gap created after complete acti-
vation of the distractor device, which was possibly too
small. A later study has shown that full-thickness acute
defects of up to 5 mm in Wistar rat mandibles can poten-
tially self-repair [38]. Hence, bony formations in addition
to fibrous tissue and cartilage seen in the distraction gap of
some animals treated with acute distraction may have
occurred due to the proximity of the mandibular segments.
On the other hand, lack of complete stability of the dis-
tractor device observed in some animals may have
increased tissue response variability.

In conclusion, the distraction osteogenesis model in rat
mandibles demonstrated feasibility as a method to study
new bone formation. NOS expression by neuronal tri-
geminal cells measured through the NADPH-d reaction
correlates with new bone formation by distraction osteo-
genesis in rat mandibles, and this phenomenon seems to be
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cell morphotype-dependent. Further studies are now war-
ranted to investigate the mechanistic link between the
expression of trigeminal NOS and mandibular new bone
formation by distraction osteogenesis.

Acknowledgements

This study was supported by the Foundation

for Research Support of Sao Paulo (FAPESP). We are grateful to Ms.
Celia A. da Silva, Ms. Renata Ferreira da Silva and Dr. José Ferreira
de Carvalho for their generous technical assistance.

References

11.

12.

13.

14.

15.

16.

17.

18.

. Ilizarov GA (1990) Clinical application of the tension-stress

effect for limb lengthening. Clin Orthop Relat Res 250:8-26

. Faber J, Azevedo RB, Bao SN (2005) Distraction osteogenesis

may promote periodontal bone regeneration. J Dent Res 84:757—
761

. Rowe NM, Mehrara BJ, Luchs JS, Dudziak ME, Steinbrech DS,

Illei PB, Fernandez GJ, Gittes GK, Longaker MT (1999) Angi-
ogenesis during mandibular distraction osteogenesis. Ann Plast
Surg 42:470-475

. Wang LC, Takahashi I, Sasano Y, Sugawara J, Mitani H (2005)

Osteoclastogenic activity during mandibular distraction osteo-
genesis. J Dent Res 84:1010-1015

. Liu ZJ, King GJ, Herring SW (2006) Condylar mineralization

following mandibular distraction in rats. J Dent Res 85:653-657

. van’t Hof RJ, Ralston SH (2001) Nitric oxide and bone. Immu-

nology 103:255-261

. Nakahara S, Yone K, Setoguchi T, Yamaura I, Arishima Y,

Yoshino S, Komiya S (2002) Changes in nitric oxide and
expression of nitric oxide synthase in spinal cord after acute
traumatic injury in rats. J Neurotrauma 19:1467-1474

. van’t Hof RJ, Macphee J, Libouban H, Helfrich MH, Ralston SH

(2004) Regulation of bone mass and bone turnover by neuronal
nitric oxide synthase. Endocrinology 145:5068-5074

. Huitema LF, Vaandrager AB, Van Weeren PR, Barneveld A,

Helms JB, Van De Lest CH (2006) The nitric oxide donor sodium
nitroprusside inhibits mineralization in ATDCS5 cells. Calcif
Tissue Int 78:171-177

. Snyder SH, Bredt DS (1991) Nitric oxide as a neuronal mes-

senger. Trends Pharmacol Sci 12:125-128

Moncada S, Higgs A (1993) The r-arginine-nitric oxide pathway.
N Engl J Med 329:2002-2012

Dawson TM, Bredt DS, Fotuhi M, Hwang PM, Snyder SH (1991)
Nitric oxide synthase and neuronal NADPH diaphorase are
identical in brain and peripheral tissues. Proc Natl Acad Sci USA
88:7797-7801

Hope BT, Michael GJ, Knigge KM, Vincent SR (1991) Neuronal
NADPH-diaphorase is a nitric oxide synthase. Proc Natl Acad Sci
USA 88:2811-2814

Nomura S, Takano-Yamamoto T (2000) Molecular events caused
by mechanical stress in bone. Matrix Biol 19:91-96

Baldik Y, Talu U, Altinel L, Bilge H, Demiryont M, Aykac-
Toker G (2002) Bone healing regulated by nitric oxide: an
experimental study in rats. Clin Orthop Relat Res 404:343-352
Baldik Y, Diwan AD, Appleyard RC, Fang ZM, Wang Y, Murrell
GA (2005) Deletion of iNOS gene impairs mouse fracture heal-
ing. Bone 37:32-36

Johnson DL, Mcallister TN, Frangos JA (1996) Fluid flow
stimulates rapid and continuous release of nitric oxide in osteo-
blasts. Am J Physiol Endocrinol Metab 271:E205-E208
Klein-Nulend J, Helfrich MH, Sterck JG, Macpherson H, Jol-
dersma M, Ralston SH, Semeins CM, Burger EH (1998) Nitric

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

oxide response to shear stress by human bone cell cultures is
endothelial nitric oxide synthase dependent. Biochem Biophys
Res Commun 250:108-114

Burger EH, Klein-Nulen J (1999) Responses of bone cells to
biomechanical forces in vitro. Adv Dent Res 13:93-98

Davies SL, Loescher AR, Clayton NM, Bountra C, Robinson PP,
Boissonade FM (2004) nNOS expression following inferior
alveolar nerve injury in the ferret. Brain Res 1027:11-17

Banks RW (1999) Histological staining methods. In: Johansson
H, Windhorst U (eds) Modern techniques in neuroscience
research. Springer-Verlag, New York, pp 437-458

Echeverry MB, Guimaraes FS, Del Bel EA (2004) Acute and
delayed restraint stress-induced changes in nitric oxide producing
neurons in limbic regions. Neuroscience 125:981-993

Paxinos G, Watson C (1998) The rat brain in stereotaxic coor-
dinates. Academic Press, San Diego

Weibel ER, Kistler GS, Scherle WF (1966) Practical stereological
methods for morphometric cytology. J Cell Biol 30:23-38
Fisher RA (1925) Statistical methods for research workers. Oliver
and Boyd, Edinburgh

Lee PC, Salyapongse AN, Bragdon GA, Shears LL, Watkins SC,
Edington HD, Billiar TR (1999) Impaired wound healing and
angiogenesis in eNOS-deficient mice. Am J Physiol Heart Circ
Physiol 277:H1600-H1608

Zhang X, Ji RR, Arvidsson J, Lundberg JM, Bartfai T, Bedecs K,
Hokfelt T (1996) Expression of peptides, nitric oxide synthase
and NPY receptor in trigeminal and nodose ganglia after nerve
lesions. Exp Brain Res 111:393-404

Levy D, Zochodne DW (1998) Local nitric oxide synthase activity
in a model of neuropathic pain. Eur J Neurosci 10:1846-1855
Luo ZD, Chaplan SR, Scott BP, Cizkova D, Calcutt NA, Yaksh
TL (1999) Neuronal nitric oxide synthase mRNA upregulation in
rat sensory neurons after spinal nerve ligation: lack of a role in
allodynia development. J Neurosci 19:9201-9208

Thippeswamy T, Jain RK, Mumtaz N, Morris R (2001) Inhibition
of neuronal nitric oxide synthase results in neurodegenerative
changes in the axotomised dorsal root ganglion neurons: evidence
for a neuroprotective role of nitric oxide in vivo. Neurosci Res
40:37-44

Yonehara N, Takemura M, Shigenaga Y (1997) Involvement of
nitric oxide in re-innervation of rat molar tooth pulp following
transection of the inferior alveolar nerve. Brain Res 757:31-36
Koltzenburg M, Wall PD, Mcmahon SB (1999) Does the right
side know what the left is doing? Trends Neurosci 22:122-127
Tao YX, Johns RA (2002) Activation and up-regulation of spinal
cord nitric oxide receptor, soluble guanylate cyclase, after for-
malin injection into the rat hind paw. Neuroscience 112:439-446
Pose I, Sampogna S, Chase MH, Morales FR (2003) Mesencephalic
trigeminalneuronsareinnervatedbynitricoxidesynthase-containing
fibersandrespondtonitricoxide. BrainRes 960:81-89

Tassorelli C, Greco R, Wang D, Sandrini G, Nappi G (2006)
Prostaglandins, glutamate and nitric oxide synthase mediate
nitroglycerin-induced hyperalgesia in the formalin test. Eur J
Pharmacol 534:103-107

Fong AY, Talman WT, Lawrence AJ (2000) Axonal transport of
NADPH-diaphorase and [*H]nitro-L-arginine binding, but not
[(3)H]cGMPbinding, by therat vagusnerve. BrainRes 878:240-246
Gao S, Fei M, Cheng C, Yu X, Chen M, Shi S, Qin J, Guo Z,
Shen A (2007) Spatiotemporal expression of PSD-95 and nNOS
after rat sciatic nerve injury. Neurochem Res. doi:
10.1007/s11064-007-9555-y. Cited 20 Dec, 2007

Issa JPM, Nascimento C, Bentley MVLB, Guimaraes EADBB,
Iyomasa MM, Sebald W, Albuquerque RF Jr (2007) Bone repair
in rat mandible by rhBMP-2 associated with two carriers. Micron
(in press). doi: 10.1016/j.micron.2007.03.008. Cited 24 March,
2007

@ Springer


http://dx.doi.org/10.1007/s11064-007-9555-y
http://dx.doi.org/10.1016/j.micron.2007.03.008

	Trigeminal Nitric Oxide Synthase Expression Correlates with New Bone Formation During Distraction Osteogenesis
	Abstract
	Materials and Methods
	Surgical Procedures
	Histochemical Processing
	Quantification Method
	Histologic and Histomorphometric Processing
	Statistics

	Results
	Clinical Findings
	Histochemical, Histomorphometric, and Histologic Analyses
	Correlation between Bone Formation and NADPH-d-Reactive Neurons

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


