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ABSTRACT

Objective: The aim of this experimental study was to evaluate histomorphometrically the effects of isoflavones on bone
formation in response to expansion of the inter-premaxillary suture in male rats. Materials and Methods: Twenty male,
50-60 days old Wistar rats were divided into two equal groups (control and experimental). Both groups were subjected
to expansion for 5 days, and 50 cN of force was applied to the maxillary incisors with helical spring. In experimental
group, 10 pg/g isoflavones (IF) were administrated orally. After expansion period, the springs were removed and replaced
with short lengths of rectangular retaining wire for retention period in 10 days. Bone formation in the sutural area was
histomorphometrically evaluated including the amount of new bone formation (um?), number of osteoblasts, number of
osteoclasts, and number of vessels. Mann-Whitney U-test was used for statistical evaluation at P < 0.05 level. Results: New
bone formation area (P = 0.003; 2.26-fold) and number of osteoclasts (P = 0.001; 1.87-fold) showed statistically significant
lower values in experimental group than the control. No significant differences were found in number of osteoblast and
number of vessel values between the groups. Conclusion: Isoflavones affects bone formation in the orthopedically expanded
inter-premaxillary suture negatively, and main affect of Isoflavones were on osteoclasts in bone metabolism.
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Introduction (1) soy isoflavones stimulate osteoblastic activity through
activation of estrogen receptors;?3! and (2) soy bean or
Osteoporosis is a skeletal disorder that predisposes to its isoflavones promote insulin-like growth factor-I (IGF-I)

fractures resulting from any particular injury or even production.

minimal trauma. Two major determinants, bone mineral

content and bone quality indicates the bone strength. Isoflavones (IF) is found in great amount in soybeans and
soy foods and is useful for treatment and prophylaxis of

Estrogen regulates the bone formation and resorption  steoporosis. Soy foods generally contain 1.2-3.3 mg dry

and is also major factor in preserving bone density." Itis  wejght although exact amount of isoflavones is depending

reasonable to recommend that soy bean or its isoflavones on numerous factors such as range of soy food and

improve bone formation based on at least two evidences:  geggraphical location.>* Studies showed typical isoflavone

intakes approximately 30-50 mg/day for Asians®and less
than 1 mg/day for post-menopausal women in the United

States.”! It has been reported that IF has also various effects,

Quick Response Code: including enhanced osteoblasts activity and inhibiting

Website: ..
www.jorthodr.org osteoclasts activity.!®
boL: In orthodontic treatment, expansion of the mid-palatal

10.4103/2321-3825.112253 suture by rapid maxillary expansion (RME) increases the
posterior dentition width rapidly, which is followed by
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active bone formation in the suture.'®' It is well-known
that even following a retention period, the widened maxilla
has a strong tendency to return to its previous form.['
Haas!"* concluded that reorganization of hard tissue in the
suture started by the end of active treatment period and
ossification of the suture margins is fulfilled in 60-90 days.

Since the relapse is not fully understood, quality and rate
of new bone formation in the mid-palatal suture may
affect the post-treatment relapse.l'¥ For that reason, it
would be likely favorable to accelerated bone formation
in the mid-palatal suture during and after expansion for
avoiding relapse of the skeletal base and reduction of the
retention period.l'"14

In the reviewed literature, there is no published study
that evaluated the early effects of isoflavones on bone
formation in mid-palatal / inter-premaxillary suture after
expansion procedure. The aim of this study was to evaluate
histomorphometrically the effects of isoflavones on new
bone formation in response to expansion of the inter-
premaxillary suture in male rats.

Materials and Methods

Animals and diets

Twenty, 50-60 days old Wistar male rats with a mean
weight of 248.04 + 21.76 g were used. All animals were
housed in polycarbonate cages, subjected to a 12-hour
light-dark cycle at the constant temperature of 23°C and fed
a standard pellet diet (Expanded pellets, Stepfield, Witham,
Essex, UK) with tap water ad libitum. In experimental
group, animals were fed by 10 ug/g IF intraoral gavages
method. In present study, isoflavones, dietary supplement
(Solgar, USA) were used in concentrated form, which has
genistatin and daidzain both. Permission was obtained from
the Erciyes University; Ethics Committee of Experimental
Animals after the Research Scientific Committee at the
same institution had approved the experimental protocol.
The experiments were carried out in the Erciyes University.

This study was organized as a parallel group design
with one group receiving the experimental protocol
and the other receiving the control. The power analysis
was performed with G*Power Ver.3.0.10 (Franz Faul,
Universitat Kiel, Germany) software. Based on 1:1 ratio
between groups, a sample size of 20 animals would give
more than 85% power to detect significant differences
with 0.35 effect size and at o = 0.05 significance level.
Animals were randomly divided into two groups (control
and experimental) of ten rats each.

Appliance placement

The animals were anesthetized with an intramuscular
injection of Xylasine (Bayer, Istanbul, Turkey) and Ketamine
(Parke-Davis, Istanbul, Turkey) at 0.5 ml/kg and 1 ml/kg
body weight, respectively. The expansion appliances
were helical springs fabricated from 0.014 inch stainless
steel wire inserted in holes drilled close to the gingival
margins of both upper incisors [Figure 1a]. The springs
were activated to deliver a force of 50 cN and were not
reactivated during the 5-day expansion period. After 5 days,
the springs were removed and replaced with short lengths
of rectangular retaining wire [Figure 1b]. Tooth separation
was maintained for 10 days. The distance between the
mesial edges of the upper incisors was measured at the
beginning of the experiment and at the end of expansion
with a digital caliper (MSI-Viking Gage, SC, USA).

Occlusal radiographs (Dexcowin, ADX 4000, Dexcowin
Company, Seoul, Korea) were taken from all animals at
three stages to check the sutural opening: At baseline, end
of expansion, and at the end of the retention period. No
measurements were done on these radiographs.

Specimen preparation

After the retention period of 10 days, the rats were
sacrificed with an overdose of Ketamine and Xylasine,
and their pre-maxillae were dissected out and fixed in
10% formalin. After fixation, the retaining wires were
removed, and the pre-maxillae were decalcified with 5%
formic acid for four days. Macroscopic evaluation of the
specimens was performed before histological evaluation.
After decalcification, the pre-maxillae were cut into blocks
with one cut passing through the incisor crowns at the
alveolar crest and perpendicular to the sagittal plane, the
second cut 4 mm apical to the first cut. The sections were
rinsed, trimmed, and embedded in paraffin. The paraffin
blocks were sectioned serially at 5 wm intervals.

Histomorphometric analysis

The histological sections were stained with hematoxylin
and eosin. The histomorphometric measurements were

o

Figure 1: (a) Expansion and (b) retention appliance in situ
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performed 200 um beneath the oral surface of the osseous
palate, because bone formation in the surface layer
was sometimes irregular and unsuitable for quantitative
measurement.

Stained specimens were investigated by a light microscope
(Nikon Eclipse E400, Nikon, Tokyo, Japan). For each
specimen, the same area was photographed after staining by
using a photograph attachment (Nikon Coolpix 5000; Nikon,
Tokyo, Japan). Photographs transferred to a PC environment
and calibrated with a Nikon Micrometer Slide (Stage
Micrometer Type A, MBM11100, Japan). All photographs
were evaluated with an image analysis program (Clemex
Vision Lite Image Analysis 3.5; Clemex Technologies,
Longueuil, Canada) [Figure 2]. An area of 1.5 mm?
in the center of the expanded suture was designated for the
experimental group. A similarly sized area in the center of
the expanded region was assessed for the control group.
The amounts of osteoblasts, osteoclasts, and vessels in the
newly formed bone region were marked in the 1.5 mm?
area. Damaged cells were not evaluated. The marked
cells were counted automatically with the image analysis
program. The amount of new bone formation (um?) was
also measured [Figure 3].

Measurements were performed by two assessors who were
blinded to the identity of the sections. The final results are
averages of these separate evaluations.

Statistical analysis

All data were analyzed with the statistical package for social
sciences, 13.0 (SPSS for Windows; SPSS Inc, Chicago, IL,
USA). The normality test of Shapiro-Wilks and Levene’s
variance homogeneity test were applied to the data. The
data were not normally distributed, and there was no
homogeneity of variance between the groups. Thus, the
statistical evaluation was performed using non-parametric
tests. Descriptive statistics were given as quartiles

Figure 2: Histomorphometric measurements of newly formed bone
area (um 2)

(25", 50"-median- and 75™). The group differences were
studied by the Mann-Whitney U-test. After performing
Bonferroni correction, a P value of 0.025 was considered
to be significant.

Results

All animals survived to the end of the study. Deep mucosal
infection, dehiscence or other adverse effects were not
observed in any of the animals. The expansion appliances
were well-tolerated, and the animals gained weight. As no
statistically significant changes in body weight were found
during the expansion and retention periods, there was no
reason to weight-correct the data.

The histological sections confirmed that the inter-
premaxillary sutures were expanded in all groups and there
was no statistically significant difference (P = 0.876) in the
amount of expansion in the groups [Table 1].

Statistical analysis showed significant differences between
two groups for new bone formation area and number of
osteoclasts. New bone formation area (P = 0.003; 2.26-
fold), number of osteoclasts (P = 0.001; 1.87-fold) showed
lower values in experimental group than the control,
and these were found statistically significant [Table 2].
Between the number of osteoblasts and number of vessels
were not found statistically significant. For all investigated
histomorphometric parameters, IF group showed negative
results than the control related to the new bone formation
and revealed that bone architecture in the treatment group
was getting worse.

Thus, according to formative changes in new bone
formation and number of osteoclasts parameters in IF
group, the null hypothesis of this study was rejected.

s EREA Y T A

Figure 3: Photomicrograph of a section in the expansion area
(bar=0,1 mm) Nb: Newbone, Ob: Osteoblast, Oc: Osteoclast, V: Vessel
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Table 1: Results and comparisons of biometric analysis for determination of the amount of expansion (u)

Groups n Mean (u) Std. Deviation Minimum Maximum P-value

Control group 10 349.61 26.89 323.67 365.99 0.876 NS

Isoflavone 10 338.43 23.41 319.87 365.71

n: sample size; NS: not significant

Table 2: Descriptive values and Mann-Whitney U test comparisons of histomorphometric measurements

Parameters Groups n Quartiles P-value

25t 50" Median 75t

New Bone Formation Area (um®?) Control 10 304545.2 422488.6 509489.1 0.003
Isoflavone 10 169736.2 186682.1 231690.2

Number of Osteoblast Control 10 48.00 62.50 70.00 NS
Isoflavone 10 42.00 44.00 48.25

Number of Osteoclast Control 10 6.00 7.50 6.00 0.001
Isoflavone 10 3.00 4.00 4.00

Number of Vessel Control 10 5.00 6.00 7.75 NS
Isoflavone 10 4.25 5.50 7.00

n indicates: Sample size; NS: Not statistically significant

Discussion

The force effects on the rate of bone mineralization can
be undertaken by experimental studies on animals. A
multifactorial adaptive response takes place in the mid-
palatal suture during mid-palatal expansion. Mechanical
expansion disrupts the orderly sutural structure and
induces a chain of events that restore the suture to its
original architecture.l'” Many therapeutic alternatives are
being studied to promote cell bio-stimulation, improving
the regenerative capacity.'*® Uysal et al."® estimated the
stimulatory effects of dietary boron in rabbits and locally
administered ED-711"in rats on bone formation in response
to expansion of the inter-premaxillary suture and found that
these mediators could stimulate bone regeneration during
expansion and retention phases.

Determining the mechanisms concerned with explanation
of the potential benefits of a diet high in plant-based foods
continues a main challenge to nutritionists and scientists.
IF represent just one of many important bioactive non-
nutrients found in many plants commonly consumed in
the human diet. IF has main compounds such as genistatin,
daidzain, equol, and ipriflavone. In our study, we used
genistatin and daidzain together.

Hence, IF is considered an alternative for the treatment of
clinical conditions that require tissue regeneration. To our
knowledge, this study is the first to report IF effects of active
bone formation. Our study showed that application of IF
decreased bone healing in the expanded inter-premaxillary
suture in the rat histomorphometrically. Reduced new bone
formation elements were deposited in the expanded suture

following IF application than the control group. This result
showed that IF reduced the bone metabolism.

Estrogen plays a major role in preserving bone density
by regulating the bone formation and resorption. The
chemical structure of IF is likely to our own estrogen.
Because of this similarity in structure, they can interfere
with the action of our own estrogen. Depending on the
type of estrogen-receptor on the cells, [F may decrease or
activate the estrogen. IF can compete with estrogen for
the same receptor sites, thus decreasing the health risks
of excess estrogen. They can also enhance the estrogen
activity.l'" Additionally, in line with findings of numerous
studies, estrogen suppressed the ovariectomy-induced
rise in concentrations of biochemical markers of bone
turnover, alkaline phosphatase, and tartrate-resistant acid
phosphatase.l' In our study, we used male rats to eliminate
estrogen effects on bone metabolism.

Ovariectomized rats are typically used as an animal model
for post-menopausal bone loss.l'¥ In fact, the attribute of
skeletal physiology in the rat model shares similarities
with those of early post-menopausal women in many
respects, including an increased rate of bone turnover
with resorption greater than formation, superior loss of
cancellous than cortical bone, and similar skeletal response
to plant therapy such as soy IF.["%20

The effects of IF on bone, acting as an inducer of IF, have
been studied,?%?" but it was considered important to
investigate the relationship between dietary composition
and maxilla, as there is no known evidence regarding
the effect of IF on the structure of the maxilla. It has been
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shown that IF is highly effective for bone production in
long bones, such as the femur and hind limb.?2 However,
effects of IF on active bone formation were not examined,
thus our investigation was considered to IF effect on the
new bone formation on maxilla.

Recently, the bone-sparing effects of soybean IF, either
administered orally®'23 or injected subcutaneously,?4
have been widely examined in a preventive approach in
the most commonly used the ovariectomized rat.!'® Dose-
dependent soybean IF is important for the preventive effects
on bone metabolism.? In our experimental conditions,
soy IF were orally given at equivalentamount, i.e., 10 ug/g
body weights per day, a dose which has previously been
shown to be efficient.2%

Isoflavones, supplemental dietary, has preventive effects
on bone metabolism. In our study, premaksiller expansion
requiring active new bone formation bone repair has
been the main issue of intensive research. Approaches
in clinical use aim to regain function, using materials
that replace the damaged tissue rather than regenerating
it. Currently, the approach of research regarding bone
tissue engineering is to induce regeneration rather than
just functional repair. Thus, tissue engineering can now be
simply defined as the ‘science of persuading the body to
heal by its intrinsic repair mechanisms.’?® The complexity
of skeletal tissues has been hindering the development
of an effective regeneration system. Nevertheless, huge
steps are being taken regarding the use of progenitor/stem
cells, adequate scaffold materials, and growth factors/
bioactive agents. The combination in a single system
of properties including structural support, cell support,
and controlled release is the way to go, and materials
in the particulate form have all the potential needed for
achieving such a goal.l?”

Conclusion

e [soflavones affects bone formation in the orthopedically
expanded inter-premaxillary suture negatively, during
expansion and early phase of retention periods.

e These findings suggest that the main effect of isoflavones
was on osteoclasts in bone metabolism.

Clinical relevance

This study confirmed that isoflavones could be nudged
into osteogenic activity by means of reducing bone
metabolism. It was demonstrated that of oral administration
of isoflavones during expansion inhibited bone formation.
This principle should not be applied during distraction
osteogenesis or for the treatment of patients with long bone

fractures fixed by external devices or treating fractures with
delayed union and non-union.
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