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ABSTRACT

Purpose: The aim of this study was to evaluate the effect of the topical application of melatonin on osteointegration of
dental implants in Beagle dogs 5 and 8 weeks after their insertion.

Materials and Methods: For subsequent insertion of dental implants, upper and lower premolars and molars were extracted
from 12 Beagle dogs. Each mandible received cylindrical screw implants of 3.25 mm in diameter and 10 mm in length. The
implants were randomly assigned to the mesial and distal sites on each side of the mandible. Prior to implanting, 1.2 mg
lyophylized powder melatonin was applied to one bone hole at each side of the mandible. None was applied at the control
sites. Eight histological sections per implant were obtained for histomorphometric studies.

Results: After 5- and 8-week treatment periods, melatonin significantly increased the inter-thread bone (p < 0.05) and new
bone formation (p < 0.05) in comparison to control implants in both weeks. There were no significant increases in the
bone-to-implant contact and peri-implant bone (p > 0.05).

Conclusion: Topical application of melatonin may act as a biomimetic agent in the placement of endo-osseous dental
implants at 5 and 8 weeks after the implantation.

KEY WORDS: bone, bone formation, dental implants, melatonin

INTRODUCTION organs.” Because of its excellent lipophylic properties,

Melatonin is an N-acetyl-5-metoxy-tryptamine. It is a melatonin is able to reach the cellular organelles and

hormone that is synthesized principally in the pineal enter into any cell. In the interior of the cells, melatonin

gland and other organs, and in many ways, influences is capable of binding to some cytosolic proteins like

. . o 6s
circadian and circannual rhythms as well as sleep.'? It kinase C, calmodulin, and calreticulin.” It also prob-

. . o e
has been shown that melatonin is also capable of acting ably binds to quinine-reductase-2.” This is why melato-

on the intracellular functions independently of the nin is not considered as a hormone in the classical sense

action it has on the receptors on the cellular membranes. and, as shown previously, it acts as an antioxidant and as

.. 10 oo
These receptors are found on the cells of the central 30 anti-inflammatory agent,” and it is in the buccal

. . i
nervous system and on the cells of some peripheral ~ CVIty where these functions are realized.

For the synthesis of melatonin, the pinealocytes take
tryptophan from blood and converts it into serotonin

*Doctor in dentistry, Collaborator in Pharmacological Interactions in via enzymes that decarboxylates and hydrolyzes the
Odontological Patients with Systemic Pathology, Department of Den-
tistry, University of Granada, Granada, Spain; "Professor Responsible
for Pharmacological Interactions in Odontological Patients with Sys-
temic Pathology, Professor of Clinical Dentistry for Special Patients, into N-acetyl-serotonin bY the enzyme N-acetyl-
Department of Dentistry, University of Granada, Granada, Spain;
Director of Health, Centre of Pinos Puente, Granada, Spain; *Profes-
sor of Clinical Dentistry for Special Patients, Department of Den-
tistry, University of Granada, Granada, Spain N-acetyl-serotonin into melatonin. All the enzymes

serotonin.
During nocturnal periods, serotonin is transformed

transferase and, owing to the action of hydroxyindol-
O-methyl-transferase, it later modifies  the

Reprint requests: Professor Antonio Cutando Soriano, Facultad mentioned are not found exclusively in the central
Odontologia, Universidad de Granada, Colegio Méximo Cartuja, nervous system. Recently) these enzymes have also been
E-18071, Granada, Spain; e-mail: acutando@ugr.es found in other organs like retina, thymus, spleen, B lym-
© 2009 Wiley Periodicals, Inc. phocytes, ovaries and testicles, and in the small intes-

DOI 10.1111/j.1708-8208.2009.00211.x tine.'>" All the extrapineal melatonin are used locally as

262



an autocoid and do not enter into the general circulation
but only act on the organs mentioned. Melatonin does
not act in specific organs. It is capable of reaching all
tissues and acts in subcellular compartments'*" like the
nucleus and mitochondria.*!®

As well, as the functions described, melatonin is also
a mediator in osseous formation and its stimulation."”
Previous studies have shown that melatonin stimulates
the synthesis and proliferation of collagen type 1 fibers in
human osteoblasts in vitro.'® It stimulates osseous sialo-
protein, alkaline phosphatase, osteopontin, and osteocal-
cin in osseous cultures carried out in rats.'” Melatonin
acts on osteoclasts, multinuclear osseous cells involved in
the reabsorption of osseous matrix in different forms,
one of which is via the formation of free radicals. Thus,
melatonin, being an antioxidant, is able to affect the
process, detoxifying free radicals which are produced
during osteoclastogenesis,” leading to an inhibition of
reabsorption of the bone. On the other hand, melatonin
is capable of influencing the Receptor Activator for
Nuclear Factor x B Ligand (RANKL) system, suppressing

11,21

its activity'>*! and favoring the formation of new bone.

MATERIALS AND METHODS

Animals

Twelve male beagle dogs (University of Cordoba,
Coérdoba, Spain), about 18 months old, were used in this
study. The animals were kept in standard cages. They
were fed a commercial diet for dogs. All experiments
were performed according to Spanish Government
Guidelines and European Community Guidelines for
experimental animal care.

Implants

The implants used (Microdent® system mini micro,
Implant Microdent® System, Santa Eulalia de Ronsana,
Barcelona, Spain) had a diameter of 3.5mm and
included a 10-mm long intraosseous portion and a
1-mm high transmucosal collar. Endosseal portion had
an acid-etched surface.

Surgical Procedures

During the first operation, upper and lower premolars
and molars were removed. The animals were not given
food for 12 hours before anesthesia to prevent vomiting.
They were sedated by means of an intramuscular injec-
tion of 0.5-1 mg/kg body weight acepromazine maleate,
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Figure 1 In situ implants placed in a beagle dog mandible
(225 x 169 mm; 96 X 96 DPI).

and anaesthesia was induced by intravenous injection
of 5-8 mg/kg body weight ketamine plus chlorbutol
(5-8 mg/kg i.v.) and 0.05 mg/kg of atropine. The dogs
were laid on their left side. Perioperatively, dexametha-
sone (2mL im.) and amoxicillin (2 mL im.) were
administrated immediately after surgery and subse-
quently for 7 days. The mucosa was rinsed with 0.2%
chlorhexidine gluconate every day for 3 days. The
animals were examined daily for a week after the opera-
tion for signs of wound dehiscence or infection and
weekly thereafter to assess general health.

After a healing period of 2 months, implants were
performed in a second operation. After a crestal incision,
a full thickness mucoperiosteal flap was reflected. Sites
were sequentially prepared to receive the implants in
accordance with the protocol recommended by the
manufacturer. A space of at least 5 mm was left between
each implant for avoiding melatonin to affect other
sockets. Each mandible received eight cylindrical screw
implants of 3.25 mm in diameter and 10 mm in length.

Twelve dogs were divided into two groups (six
animals per group) and, at 5 and 8 weeks, were sacrificed
by inducing cardiac arrest by means of an intravenous
injection of a 20% solution of pentobarbital (Dolethal,
Vétoquinol, Buckingham, UK).

Two implants on each side (four in total) of the jaw
were evaluated in this study: 24 implants at 5 weeks and
24 implants at 8 weeks. The remaining four implant sites
were investigated for another study. The four implants
were randomly assigned to the mesial and distal sites on
each side of the mandible (Figure 1). Prior to implant-
ing, a layer of 1.2 mg lyophylized powdered melatonin
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TABLE 1 Histomorphometric Parameters in Dental Implants at 5 Weeks

Control Implants ~ Melatonin-Treated

Histomorphometric Parameters (n=12) Implants (n = 12)
Bone-to-implant contact (% bone contact) 34,33 +£2.35 38.74 + 3.48
Total peri-implant area (%) 68.93 +3.97 70.02 +2.05
Inter-thread bone (%) 64.08 + 8.68 72.56 + 3.62*
Bone neoformation (%) 72.53 £ 4.54 80.48 +1.99*

*p <.05.

(Helsinn Advanced Synthesis SA, Biasca, Switzerland)
was applied to one bone hole at each side of the
mandible. None was applied at the control sites. Wound
closure was carried out using single reabsorbable sutures
(Dexon 3-0, Davis & Genk, Wayne, NJ, USA). Healing
abutments were attached after implant placement. Two
healing periods are evaluated in this paper, as the objec-
tive of the present study was the assessment of the
response to the utilization of the melatonin.

Ground Sections

The implants were removed together with the surround-
ing bone and fixed in 10% neutral buffered formalin.
The specimens were dehydrated in a graded series of
alcohol, infiltrated, and embedded with Technovit 7200
VLC (Heraeus Kultzer, Dormagen, Germany). The
samples were cut parallel (Exakt® Apparatebau, Norder-
stedt, Germany) to the longitudinal axis of the implant
in an orovestibular direction and processed by the
cutting-grinding method.*” Eight sections were made
per implant. Each section was ground down to the
approximate thickness of 20 um and stained using the
Lévai-Laczké staining technique.

Histomorphometric Measurements

For histomorphometric analysis, one calibrated masked
examiner performed the histometric analysis using light
microscopy and a PC-based image analysis system.
Images magnified 40 were assessed digitally (DP12,
Olympus, Nagano, Japan). Microimage 4.0 was used for
image analysis (Media Cybernetics, Silver Spring, MD,
USA). The analyses were all conducted by the same
researcher, who was blind as to which group (experi-
mental or control) each sample belonged.

+  The bone-to-implant contact (BIC) was defined as
the length of bone surface border that is in direct

contact with the implant perimeter (100%) starting
at the shoulder of the implant.

+  The inter-thread bone density was defined as the
area of bone inside the threads (100%) using the
four most central threads in the vestibular section
and four in the lingual section.

+  The peri-implant bone density was determined as
bone area/tissue area (100%). Surrounding the
implant, using the central threads of the implants
and up to a lateral distance of 1 mm from the threat,
new bone and old bone were measured separately.
It obtained eight squares with 1.2 mm?® area. All
images were calibrated using the software Microim-
age 4.0, and applying the Pythagorean theorem for
distance calibration, which reports the number of
pixels between two selected points: the scale bar was
overimposed on each image by standard error of the
mean (SEM). The linear remapping of the pixel
values was used to calibrate the intensity of the
images.

+  The percentage of bone neoformation is defined as
the area of bone which has formed after implant
insertion. Newly formed bone is situated in the peri-
implant area and between the implant threads.

Statistical Analysis

All data are expressed as the mean + SEM. The ¢-test was
employed to analyze differences among variables. Statis-
tical analyses were carried out using the SPSS 11.0 com-
puter program (SPSS, Chicago, IL, USA). The level of
statistical significance was established at p <.05.

RESULTS

The results for the different histomorphometric param-
eters of osteointegration are presented in Tables 1 and 2.
As regards the inter-thread bone parameter, it was
observed that 5 and 8 weeks after surgery, melatonin had
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TABLE 2 Histomorphometric Parameters in Dental Implants at 8 Weeks

Control Implants ~ Melatonin-Treated

Histomorphometric Parameters (n=12) Implants (n = 12)
Bone-to-implant contact (% bone contact) 31.47 = 3.09 34.29+2.49
Total peri-implant area (%) 71.07 £ 1.61 71.51 £2.19
Inter-thread bone (%) 80.57 £2.28 82.49 + 3.87*
Bone neoformation (%) 88.09 £1.38 90.71 £2.25%

*p <.05.

increased the inter-thread bone in a statistically signifi-
cant manner (p<.05). In relation to the new bone
formation, melatonin brought about a statistically sig-
nificant increase in bone density around the implants
(p<.05). In BIC parameter and peri-implant bone,
melatonin-enhanced bone density is not statistically sig-
nificant (p >.05). Figures 2 and 3 display a histological
section of an untreated implant (5 and 8 weeks, respec-
tively), which shows the small amount of new bone
tissue in contact with the implant, and the large amount
of vascular and conjunctive tissues and small quantity of
bone that formed in the peri-implant area. In contrast,
Figures 4 and 5, which present a histological section of a
melatonin-treated implant (5 and 8 weeks), show that
there is a greater amount of new bone tissue in contact

Figure 2 Histological image of control implant at 5 weeks. “1,”
implant section; “2,” mature bone; “3,” new bone; and “4,”
conjunctive and vascular tissue (480 X 639 mm; 72 X 72 DPI).

with the implant, with an increment in bone growth,
and scant vascular and conjunctive tissues formation in
the peri-implant zone.

DISCUSSION

A variety of substances have been used to enhance peri-
implant bone response: growth factors,” morphoge-
netic proteins,* and, more recently, hormones, such as
growth hormone and melatonin.” Links between mela-
tonin and bone metabolism have been documented in
many studies.'®*"?® In these investigations, melatonin
acted on the bone as a local growth factor, with para-
crine effects on nearby cells.””*®* Melatonin has been
found to be a significant modulator of the metabolism
of calcium, and prevents osteoporosis and hypocalcemia

Figure 3 Histological image of melatonin-treated implant at 5
weeks. “1,” implant section; “2,” mature bone; “3,” new bone;
and “4,” conjunctive and vascular tissue (480 X 639 mm; 72 X 72
DPI).
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Figure 4 Histological image of control implant at 8 weeks. “1,
implant section; “2,” mature bone; “3,” new bone; and “4,”
conjunctive and vascular tissue (360 X 479 mm; 96 X 96 DPI).

in certain cases, probably because of its interaction with
other bone regulatory factors, such as parathormone,
calcitonin, or prostaglandins.”*° One important action
of melatonin is the formation of bone cells. In this

Figure 5 Histological image of melatonin-treated implant at 8
weeks. “1,” implant section; “2,” mature bone; “3,” new bone;
and “4,” conjunctive and vascular tissue (480 X 639 mm; 72 X 72
DPI).

regard, several studies have shown that melatonin
stimulates the proliferation and differentiation of
human osteoblasts in vitro, as well as the synthesis
of type I collagen and other proteins of the bone
matrix.'"®"’" Melatonin stimulates differentiation in
thus,
matured into osteoblasts after a period of 12 days, in

preosteoblast  lines; melatonin-treated cells
comparison to 21 days for the preosteoblasts of the
control group."

Our results show that BIC and total peri-implant
bone area at 5 and 8 weeks are higher in melatonin-
treated implant than in controls, according to previous
studies by Cutando and colleagues at 2 weeks,” but not
in a significant manner; this demonstrates that melato-
nin has a maximum activity over those parameters at 2
weeks. From our point of view, and based on other

studies,

reference to BIC signifies a direct action of
melatonin on the osteoblasts, which induces a higher
rate of maturity of preosteoblasts to osteoblasts both in
quantity and velocity, with a higher rate of production
of the osseous matrix and its corresponding calcifica-
tion. Also, other studies®' show that melatonin could
favor bone formation via other routes, as is the case of
stimulation of certain genes which control the presence
of determined proteins at the osteoid matrix. Accord-
ingly, it has been shown that melatonin is capable, after
a period of 5 and 9 days, of stimulating the presence of
osteocalcin, sialoprotein, and alkaline phosphatase.

Our findings show a greater percentage of inter-
thread bone and new bone formation around the
implants treated with topical melatonin in a significant
manner, which are in line with previously published
findings at 2 weeks. Support for this relationship is to be
found in the fact that the genes of a large portion of
bone matrix (bone sialoprotein, alkaline phosphatase,
osteocalcin, and osteonectin) contain the sequence of
bases (RGGTCA) necessary for the nuclear receptor of
melatonin to bind with its promoting zone. Moreover, it
may be that this increase in the formation of bone tissue
is also mediated by the membrane receptors for the
indolamine, as treatment with luzindole or pertussis
toxin reduces bone sialoprotein and alkaline phos-
phatase expression.'””!

Inter-thread bone is an intermediate situation of
new bone in contact with the implant by stimulation of
osteoblasts and the old bone in the total peri-implant
area by osteoclast inhibition, where grinding has elimi-
nated bone, and melatonin continues its activity passing



on from the second to the fifth week and to the eighth
week with clear statistical significance. This is the same
situation which occurs with reference to neoformation
osseous. In certain ways, this supports the same action
which occurs at the inter-thread bone level either by
remodeling the existing bone or increasing the produc-
tion of osteoid matrix by osteoblasts.

Melatonin also acts by inhibiting the action of
osteoclasts. This is a direct action lasting a very short
time, as there is no remodelation of bone but only the
existence of inter-thread bone and total peri-implant
bone area. For this reason, melatonin continues acting
on that part of the bone that has suffered aggressive
placement of the implant, necessitating remodelation by
osseous matrix production which requires 5 to 8 weeks.
Moreover, osteoclasts secrete another enzyme, acid
phosphatase, that is resistant to tartrate, which has a
binucleate center with an active iron which reacts with
hydrogen peroxide and, via the Fenton reaction, pro-
duces the hydroxyl radical (OH).

It appears that melatonin acts at the level of the
osteoclast lacuna, because of its antioxidant properties
and its ability to neutralize reactive species, thereby
inhibiting bone resorption.®* After implant placement,
despite the care with which the surgical procedure is
performed, bone necrosis often occurs around the
implant and there is an inflammatory reaction as a
direct consequence of surgery.”**

This inhibition of bone resorption may be rein-
forced by another reaction induced by melatonin on the
osteoclastogenesis process. According to some authors,
the application of indoleamine at concentrations
ranging from 5 to 500 Im lowers, in a dose-dependent
manner, the expression of mRNA from the RANK and
increases levels of both osteoprogeterin (OPG) as well as
of mRNA from the OPG in preosteoblast cell lines
MC3T3-E1.*! This indicates that melatonin may bring
about a reduction in bone resorption and an increase in
bone mass because of its repression of osteoclast activa-
tion by means of RANK.”® These actions of melatonin
on bone tissue are of interest, as it may be possible to
apply melatonin during endo-osseous dental implant

surgery as a biomimetic agent.”

As a result, the process
of healing may be more precise, initial conditions of
receptor tissues may be enhanced, the period of osteoin-
tegration and settling of the implant may be reduced,
and, therefore, the quality of life of the patient may be

improved.
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