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Background: Narrow maxilla is a common problem in orthodontics and dentofacial orthopedics.
To solve this problem, a procedure called rapid maxillary expansion (RME) has been used.
However, relapse tendency is a major problem of RME. Although relapse tendency is not clearly
understood, various treatment procedures and new applications have been investigated. The
present study aimed to investigate the possible effectiveness of caffeic acid phenethyl ester
(CAPE) on new bone formation in rat midpalatal suture after RME.

Materials and methods: Twenty male Sprague Dawley rats were used in this study. The
animals were randomly divided into two groups as control and CAPE group. In the CAPE
group, CAPE was administered systemically via intraperitoneal injection. RME procedure was
performed on all animals. For this purpose, the springs were placed on the maxillary incisors
of rats and activated for 5 days. After then, the springs were removed and replaced with short
lengths of rectangular retaining wire for consolidation period of 15 days. At the end of the study,
histomorphometric analysis was carried out to assess new bone formation.

Results: New bone formation was significantly greater in the CAPE group than the control
group (P<<0.05). CAPE enhances new bone formation in midpalatal suture after RME.
Conclusion: These results show that CAPE may decrease the time needed for retention.
Keywords: rapid maxillary expansion, bone formation, caffeic acid phenethyl ester, midpalatal
suture, histopathology

Introduction
Narrow maxilla is a common problem in orthodontics and dentofacial orthopedics.
A variety of reasons, such as the narrowed nasal airway, environmental, genetic, and
iatrogenic factors (eg, scar tissue due to previous surgery) can cause this problem.!
Narrow maxilla may adversely affect a person’s life due to esthetic and functional
impairment.? To solve this problem, a procedure called rapid maxillary expansion
(RME) has been used since the 1860s.> The aim of this procedure is to provide sepa-
ration of midpalatal suture by applying significant force through the appliances. This
application leads to expanding in the transverse width of maxilla.* Nowadays, RME has
become a common procedure to treat narrow maxilla. However, relapse tendency is a
major problem of RME. Although relapse tendency is not clearly understood, various
treatment procedures and new applications have been investigated.'™

Regulation of bone metabolism and retention period may be a potential key deter-
minant for preventing relapse tendency.’ Therefore researchers focus on new materials
that increase bone metabolism to reduce new bone formation period. It has also been
stated that inhibition of bone resorption is crucial for preventing relapse tendency. In the
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literature, there are many articles about various materials
and applications such as antioxidants, concentrated platelets,
vitamins, low laser therapy, and low-intensity pulsed ultra-
sound that increase new bone formation.*”

Caffeic acid phenethyl ester (CAPE), a lipid-soluble
compound derived from the extract of propolis made by
honeybees, is a phenolic antioxidant. CAPE has been shown
to have anti-inflammatory, cytostatic, antitumor, antiviral,
antibacterial, antifungal, and antimicrobial properties.!%!2
Various studies have shown that CAPE has a positive effect
on wound healing.!>!* It has also been stated that CAPE inhib-
its osteoclastic activity and enhances new bone formation. !4
Although the healing effect of CAPE on bone defects has
been investigated in few studies,'>”' there is no study to date
about CAPE and prevention of relapse tendency after RME.
Therefore the aim of the current study is to investigate the
effects of CAPE on new bone formation in expanded suture
to reduce the retention time.

Methods

Sample

In the current study 20, 3-month-old male rats (Sprague
Dawley rats), weighing 222.76+18.44 g, were used. Rats were
obtained from Department of Experimental Animals, Research
and Development Center of Bezmialem Vakif University.
Experimental procedures of this study were approved by the
Institutional Review Board and Animal Use Committee of
the Bezmialem Vakif University (protocol no =2013/107).
We obeyed the principles of Basel Declaration 2010. The
rats were housed separately in a room under same conditions
(25°C, 1 atmospheric pressure, and 12-hour light/dark cycle).
All animals had free access to water and food.

Synthesis and dose of CAPE

Previously, the synthesis technique of CAPE was reported
by Yilmaz et al.!> Ready-made CAPE (Sigma-Aldrich,
St Louis, MO, USA) was dissolved in absolute ethanol and
further dilutions were made in saline. The systemic applica-
tion dose of CAPE was chosen on the basis of the Grunberger
et al'® study.

Experimental design

Twenty rats were randomly divided into two groups including
the control and study group. Each group had ten animals. In
the control group only expansion was performed. In the study
group, expansion was performed and rats intraperitoneally
(ip) received CAPE with a dose of 10 mmol/kg/day during
the time of study.

Placement of appliances

Before the insertion of the expansion appliance, the rats were
anesthetized by intramuscular injection of 3 mg/kg xyla-
zine hydrochloride and 35 mg/kg ketamine hydrochloride.
Following the induction of general anesthesia, a helical
spring fabricated wire, a 0.012 inch piece of stainless steel
wire, were used for expansion (Figure 1A). The springs were
activated using pliers and application force was adjusted to
be 30 g. The groove was conduct at the level of the gingival
papilla on the maxillary incisor teeth for obtain retention.
After that, a stainless steel ligature with a size of 0.009 inch
was used to fix the spring. These procedures were performed
on both control and study group.

The helix springs were activated to expand the maxilla
with a force of 30 cN for 5 days. Expansion period was
terminated after 5 days later. A distance of 1.5 mm was
provided between maxillary incisors at the end of the
expansion period. After expansion period, the springs
were removed and short lengths of rectangular retaining
wire replaced for consolidation period of 15 days period
(Figure 1B).

Histological analysis

Twenty animals were sacrificed at the end of the study
with an overdose of 200 mg/kg intravenous (IV) pento-
barbital (Pentothal, Abbott Laboratories, Abbott Park,
IL, USA). Premaxillae of the rats were dissected out and
fixed in 10% neutral formalin for 5 days. After fixation,
the premaxillae was rinsed with water to remove the
formaldehyde and calcified in 10% formic acid at room
temperature for 5 days. Every day the formic acid solution
was renewed. After decalcification, two tissue samples
were obtained from each animal. One sample was obtained
from the incisors at the alveolar crest and perpendicular
to the sagittal plane, the other sample was obtained
4 mm apical to the first one. Then the specimens obtained
from the rats were embedded in paraffin blocks. From the par-
affin blocks, cross-sections with a thicknesses of 5 um were
prepared using a microtome. The sections were stained with
hematoxylin—eosin (HE). Histologic and histomorphometric
analysis were performed around the premaxillary suture
under a light microscope (Nikon, DS-Filc, Tokyo, Japan).
To ensure standardization, the area selected was between
the two straights, the first straight was at the beginning of
the incisors and the second straight was 2.5 mm from the
beginning straight (Figure 2). Afterward, the regenerated
new bone area (mm?) and percentage of new bone formation
were calculated using the NIS Elements version 4.0 image
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Figure | The expansion appliance and expanded suture.

Note: (A) Placement of the expansion appliance; (B) expanded interpremaxillary suture.

analysis system (Nikon Instruments Inc., Tokyo, Japan) in
the expanded suture area with an original magnification of
x40 on the fluorescent images (Figures 3 and 4).

Statistical analysis

The software program SPSS Statistical Package for Social
Sciences (SPSS for Windows 15.0; SPSS Inc., Chicago, IL,
USA) was used for statistical analyses. The Mann—Whitney
U-test was used for intergroup comparison of parameters.
Statistics were given as quartiles (25th, 50th — median, and
75th), minimum (Min), and maximum (Max). Results were
considered significant at the level of P<<0.05.

Figure 2 Histomorphometric image of the expanded inter-premaxillary suture.
Notes: Two straights were determined on the suture area. One of the straights was
at the beginning of the incisors and the other was 2.5 mm from the first straight.
Abbreviations: g, gingiva; s, suture area; t, tooth.

Results

At the end of the study maxillary expansion was success-
fully performed. Also, rats tolerated the expansion of the
midpalatal suture. There were no adverse effects observed,
such as neurological symptoms, weight loss, dehiscence,
inflammation, and mucosal trauma. However, two animals
were excluded from study due to appliance failure. They
were replaced with two other rats. The inter-premaxillary
suture was successfully expanded following application of
the activated helical spring. Comparisons of new bone areas
among the groups are shown in Table 1. The percentages of
newly formed bone (new bone area ratio to suture area) and
new bone area were significantly greater in the study group
when compared to the control group.

Discussion
Various animal species are used for evaluation of bone heal-
ing in the studies. However; small animal models are more
frequently used than larger animals because they are more
cost efficient, easier to handle, and due to ethical issues.
Rats and rabbits are appropriate animals for investigations
on sutural tissues.'” In the current study, we used rats as their
care and the application of RME is easier than rabbits.
There are various techniques such as histomorphom-
etry, immunohistochemical, and radiological methods to
investigate bone formation. Histomorphometric analysis,
considered the gold standard to evaluate bone formation, is
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Figure 3 (A) Photomicrograph of a section in the expansion area of CAPE group showing larger masses of new bone trabeculae. (B) Immunofluorescence analysis of tissues

in the CAPE group.

Note: (A) New bone attached to old bone at the site of expansion. The large areas of new bone formation indicate the later stages of bone formation (HE x400

magnification).
Abbreviations: CAPE, caffeic acid phenethyl ester; HE, hematoxylin—eosin.

the only technique that provides the opportunity to perform an
in situ analysis of bone metabolism and cellular activity.'s"
Because histomorphometry is a more effective technique
than the other methods, we used this method for new bone
formation evaluation in midpalatal suture in the current study.
In this study, we calculated percentages of newly formed
bone because it has been shown that calculation of percent-
ages of newly formed bone is a reliable method of showing
bone regeneration.®’

Expansion period is an important issue of the RME. It
has been stated that a 5-day expansion period is enough to
perform a space in rats on midpalatal suture.® Therefore, we
performed the RME appliance for 5 days. After the expansion
period, a space between the mesial corners of the maxillary
incisors occurred. Furthermore, required amount of space in
the midpalatal suture was observed by a histologist during
histomorphometric evaluation.

Relapse tendency after RME is a common problem in
orthodontics. To solve this problem many applications have
been used in studies.’ 7 However, many of them are not suit-
able for clinical use. Nowadays, there is a growing interest

for natural health products. CAPE, an active component
of honeybee propolis, is a completely natural product.
Propolis has been used for wounds since ancient times due
to its anti-inflammatory and antimicrobial properties that
accelerate wound healing.'"?* CAPE was extracted from
propolis by Grunberger et al'¢ in 1988 for the first time in its
history. It has been stated that CAPE may accelerate wound
healing. This property may be associated with antioxidant
and anti-inflammatory effects. Inflammatory mediator and
histamine may negatively affect wound healing process.?!
Several studies have shown that CAPE has antioxidant
and anti-inflammatory effects.?>?* CAPE exhibits its anti-
inflammatory effects by inhibition the cyclooxygenase and
lipoxygenase pathways and this causes inhibition production
of leukotriene and prostaglandin.’* Song et al'® stated that
CAPE, acts as an anti-inflammatory, and inhibits histamine
release and prostaglandin E2 production. Serarslan et al*
reported that CAPE accelerates full-thickness wound healing
by decreased oxidative stress.

CAPE may also enhance the wound healing process via
fibroblast activity. Fibroblasts have a critical role in initial

Figure 4 (A) Photomicrograph of a section in the expansion area of control group showing abundant formation of bone trabeculae. (B) Immunofluorescence detection of

tissues in control group.

Note: (A) The large amounts of connective tissue indicate the beginning stages of bone formation (HE x400 magnification).

Abbreviation: HE, hematoxylin—eosin.
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Table | Results and statistical comparisons of biometric analysis for determination of expansion

Parameters Group n Min Max 25% Median 75% P-value

Area investigated (Lm?) Control 10 101.21 150.15 105.95 132.24 155.4 0.011
CAPE 10 131.82 192.75 136.05 155.39 171.41

Newly formed bone (%) Control 10 40.12 44.16 41.83 44.85 45.13 <0.011
CAPE 10 43.96 55.57 45.66 4991 53.86

Abbreviations: CAPE, caffeic acid phenethyl ester; Max, maximum; Min, minimum; n, sample size.

stages of the wound healing process, increasing the number  Acknowled gment

of fibroblasts improves tissue repair.”® Song et al'® reported
that CAPE increase collagen-like polymer levels secreted
by fibroblasts.

It has been shown that CAPE may reduce bone resorption
via inhibition of the activity of nuclear factor of activated
T-cells.!> Also, it has been stated that CAPE induces osteo-
clast apoptosis.”?’ Ha et al*® reported that CAPE may be
used for the treatment of bone destructive diseases, due to
its inhibition effect on receptor activator nuclear factor-xB
ligand that are key molecules for activation of osteoclasts.
Ang et al® stated that CAPE inhibits osteoclastogenesis and
induces apoptosis through the suppression of nuclear factor
of activated T-cells activation, and receptor activator nuclear
factor-xB ligand-induced osteoclast formation. Therefore
researchers suggest that CAPE may be used in pathological
bone diseases.”’?® However, there is only one paper® that
has found the effects of CAPE on bone defect healing in the
English literature. It has been found that CAPE enhances
new bone formation in rat calvarial defect. To the best of
our knowledge, the current study is the first published paper
in the English literature that investigates new bone forma-
tion effects of CAPE in midpalatal suture after RME; and
according to current study results, CAPE enhance new bone
formation in rat suture after RME.

Application methods and dose of CAPE are important for
the treatment of bone healing. It was reported that dose of
100 mmol/kg CAPE topical application was more effective
than dose of 50 mmol/kg CAPE for new formation in rats
calvarial defects. It also has been stated that intraperitoneal
injection of CAPE is more effective than local applica-
tion.*® Therefore in our study, we used CAPE with systemic
application.

In conclusion, systemic application of CAPE enhances
new bone formation in rat midpalatal suture after RME. We
believe that CAPE may be used as a therapeutic agent for
reducing the required retention time. Also, CAPE is com-
pletely natural and has no side effects. However, this being
an animal study, a clinical study should be performed, and
therapeutic dose of CAPE should be determined.
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