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Background: Intermittent administration of parathyroid
hormone (PTH) promotes new bone formation in patients
with osteoporosis and bone fractures. It was shown previ-
ously that PTH also reduces periodontitis-related bone loss.
The aim of this study is to evaluate the effect of treatment
with PTH on periodontal healing in rats.

Methods: Fenestration defects were created at the buccal
surface of the distal root of the mandibular first molars, and
both periodontal ligament (PDL) and cementum were re-
moved. Animals were then assigned to two groups (eight an-
imals per group): group 1: control, placebo administration;
and group 2: test, human PTH (hPTH) 1-34 administration
at a concentration of 40 mg/kg. For both groups, the animals
were injected every 2 days, and the animals were sacrificed
at 14 and 21 days after surgery. Specimens were harvested
and processed for routine decalcified histologic sections. The
following parameters were assessed: 1) remaining bone de-
fect extension (RBDE); 2) newly formed bone density
(NFBD); 3) total callus area (TCA); 4) osteoclast number
(ON) in the callus region; and 5) newly formed dental ce-
mentum-like tissue (NFC). Birefringence of root PDL reat-
tachment was also evaluated.

Results: Birefringence analysis showed root PDL reattach-
ment for both groups 21 days after treatment. Intermittent
hPTH 1-34 administration decreased RBDE (P <0.01) and
increased NFBD (P <0.01), TCA (P <0.01), area of NFC
(P <0.01), and ON in the callus region (P <0.01).

Conclusion: Within the limits of the present study, inter-
mittent administration of hPTH 1-34 led to an enhanced
periodontal healing process compared with non-treated
animals. J Periodontol 2014;85:721-728.
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T
he ultimate goal of periodontal
therapy is to achieve the re-
generation of periodontal tissue

destroyed by the progression of peri-
odontal diseases. Some success has
been achieved in suppressing the pro-
gression of periodontitis by mechan-
ically removing the cause of the disease.
However, no conventional periodontal
and/or surgical treatments can regenerate
whole periodontal tissue lost because of
periodontal diseases.1

Regenerative periodontal therapy
uses specific techniques designed to
restore those parts of the tooth-sup-
porting structures that have been lost
because of periodontitis or gingival
trauma.2 Currently, the methods used
to reconstitute the lost parts of peri-
odontal structures (i.e., alveolar bone,
periodontal ligament [PDL], and root
cementum) rely on conventional mecha-
nical anti-infective modalities, followed
by a range of regenerative procedures,
such as guided tissue regeneration,
bone replacement grafts, and exogenous
growth factors.3

Parathyroid hormone (PTH) is a pep-
tide related to calcium metabolism, and
although PTH is physiologically known
to promote bone resorption, it has been
shown that PTH may promote new
bone formation when administrated in-
termittently. PTH is the only anabolic
bone agent approved by the Food
and Drug Administration for use in

* Division of Histology and Embryology, Federal University of Piauı́, Parnaı́ba, Piauı́, Brazil.
† Department of Morphology, Division of Histology, Piracicaba Dental School, State
University of Campinas, Piracicaba, São Paulo, Brazil.

‡ Federal University of Maranhão, São Luı́s, Maranhão, Brazil.
§ Center forOral and SystemicDiseases, Department of Periodontology, University of North
Carolina School of Dentistry, University of North Carolina at Chapel Hill, Chapel Hill, NC.

i Department of Prosthodontics and Periodontics, Division of Periodontics, Piracicaba
Dental School, State University of Campinas.

doi: 10.1902/jop.2013.130155

J Periodontol • May 2014

721



humans.4 Intermittent administration of the amino-
terminal fragment of human PTH (hPTH) 1-34 can
increase bone mass in humans and animals,4,5 and
it has also been reported to enhance fracture
healing in both intact and ovariectomized rats6,7

and postmenopausal females.8

The present authors have reported previously that
intermittent hPTH 1-34 administration can protect
against bone loss from periodontitis in rats.9-11 In
addition, hPTH 1-34 administration can also promote
bone gain in alveolar bone affected by periodontitis in
humans.12 Therefore, in the present study, the effect
of intermittent hPTH 1-34 administration on peri-
odontal healing/regeneration is histologically de-
termined using the surgically created fenestration
defect in rats.

MATERIALS AND METHODS

Animals
Thirty-two 8-week-oldmaleWistar rats with a mean –
SD weight of 254.3 – 16.6 g were obtained from the
Animal Facility Center of the University of Campinas,
Piracicaba, São Paulo, Brazil. The animals were kept
in plastic cages and had access to food and water ad
libitum. Before surgical procedures, all animals were
acclimatized to the laboratory environment for 5
days. This study was approved by the University of
Campinas Institutional Animal Care and Use Com-
mittee (protocol 1338-1).

Surgery and Treatment
Ketamine¶ (10 mg/kg) and xylazine# (5 mg/mL)
were used for general anesthesia. Periodontal fen-
estration defects (4 mm in width, 3 mm in length, and
�1 mm deep) were created at the buccal aspect of
the distal root of the mandibular right first molar of
each animal (Fig. 1A), as described previously.13,14

Briefly, the buccal surface of the mandibular bone, in
the first molar region, was removed using a round
dental bur,** 2 mm in diameter, at a slow speed
under saline solution irrigation. The distal root of the
mandibular first molar was denuded of its PDL, ce-
mentum, and superficial dentin using a chisel,
avoiding excessive damage to the root that could
compromise the endodontic tissues. Neither antibi-
otics nor anti-inflammatory drugs were administered
after the surgery. Acetaminophen†† was used for pain
control. After the surgery, every 2 days, 40 mg/kg
hPTH (1-34)‡‡15 was subcutaneously administered in
16 rats (group 2: treated group) for 14 days (T14; n =
8) and 21 days (T21; n = 8), whereas another 16
(group 1: control group) rats received a PTH vehicle
(0.01% acetic acid§§) for 14 days (C14, control; n =
8) and 21 days (C21; n = 8). The animals were
sacrificed at days 14 or 21, and their right hemi-
mandibles were retrieved for histologic evaluation.

Histology Preparation and Histometric Analyses
For tissue fixation, the right hemimandibles of all
animals were kept in 2.5% cacodylate-buffered glu-
taraldehydeii (pH 7.4) containing 7% sucrose¶¶ for 24
hours. The samples were decalcified in 10% EDTA,##

dehydrated in ethanol,*** and embedded in paraf-
fin.††† Serial transversal tissue sections (4 mm) were
obtained from the region in which the periodontal
defects were created. The apical and coronal margins
of the defect were determined as the portion of the
first molar distal root planed by chisel was observed.
Sections concerning the middle portion of each de-
fect were submitted to histologic and histometric
analyses. Five sections per animal were stained with
hematoxylin and eosin‡‡‡ (H&E), and parameters,
such as extension of the initial defect (Fig. 1B), newly
formed bone density (NFBD) (Fig. 1B), remaining
bone defect extension (RBDE) (Fig. 1B), and total
callus area (TCA) (Fig. 1C), were measured. Another
three sections per animal were stained with Mallory
trichrome,§§§ and the area of the newly formed ce-
mentum-like tissue (NFC) (Fig. 1D) was measured in
a 620-mm (mesio-distal direction) extension of in-
strumented root. For this, the NFC was measured in
two different regions in each root, 310 mm from the
mesial margin and 310 mm from the distal margin, of
which margins were defined by the remaining ce-
mentum that was not surgically instrumented.16 The
mean values obtained were expressed as square
micrometers of the NFC/620 mm of the root exten-
sion. The histomorphometric parameters were mea-
sured by one masked, previously calibrated examiner
(DFPV) using image analysis software.iii¶¶¶

Polarizing Light Microscopy of the Newly Formed
PDL
Polarizing microscopy was used to evaluate PDL fiber
reattachment in the NFC. Two unstained sections per
animal, obtained from the middle portion of the defect,
were kept in 80% glycerin### for 30 minutes. The PDL
birefringence was then evaluated using a polarizing
light microscope**** equipped with polarizing filters,
a compensator,†††† and polychromatic light (Fig. 1E).

¶ Vetbrands, Jacareı́, São Paulo, Brazil.
# Virbac, Rio de Janeiro, Rio de Janeiro, Brazil.
** SS White, Lakewood, NJ.
†† Paracetamol, Abbott Laboratories, São Paulo, São Paulo, Brazil.
‡‡ Sigma-Aldrich, St. Louis, MO.
§§ Merck, Darmstadt, Germany.
ii Electron Microscopy Sciences, Fort Washington, PA.
¶¶ Merck.
## Merck.
*** Merck.
††† McCormick Scientific, St. Louis, MO.
‡‡‡ MPL, Piracicaba, São Paulo, Brazil.
§§§ MPL.
iii Image-Pro Plus, Media Cybernetics, Silver Spring, MD.
¶¶¶ KS400 v.2.0, Kontron Electronics, Eching, Germany.
### Synth, São Paulo, São Paulo, Brazil.
**** Leica Microsystems, Bannockburn, IL.
†††† Brace-Köhler compensator, Wild Leitz, Wetzlar, Germany.
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Enzymohistochemistry
An enzymohistochemical assay, commonly used to
detect tartrate-resistant acid phosphatase (TRAP),
was performed to detect osteoclasts.17 Five sec-
tions (4 mm) obtained from the middle portion of
the defect for each animal were incubated at 37�C
for 15 minutes with a solution containing 4 mg
naphthol AS-BI phosphate‡‡‡‡ as substrate, 24 mg
red violet salt§§§§ diluted in 30 mL acetate buffer (pH
5.2), and 0.3 mmol/L tartrateiiii (pH 5.0). For neg-
ative control, the substrate was excluded. Sections
were counterstained with Harris hematoxylin,¶¶¶¶

and the TRAP-positive cells (Fig. 1F) with at least
three nuclei were counted in the TCA by one masked,
previously calibrated examiner (DFPV) using image
analysis software.####

Statistical Analyses
Sample size was calculated using statistical software.
***** A sample size of eight per group was required
for detection of a significant difference (80% power,

5% significance level). The values obtained from the
histometric measurements (extension of the initial
bone defect, NFBD, RBDE, NFC, and TCA) and
TRAP histochemistry were analyzed via one-way
analysis of variance (ANOVA) and Tukey multiple
comparisons tests.

RESULTS

Histometric Analyses and Polarizing Light
Microscopy
Spontaneous periodontal repair was evaluated to
verify whether intermittent hPTH 1-34 administration
would affect periodontal healing/regeneration. His-
tologic analysis indicated newly formed bone, NFC,
and PDL within the healing area. Whereas tissue

Figure 1.
A) Schematic representation of the fenestration defect created in the rat hemimandibles. The defects were generated at the buccal aspect of the distal root
from the mandibular right first molar. B through F) Photomicrographs of transverse tissue sections (4 mm) obtained from the middle region of the
periodontal defects unstained (E), stained with H&E (B and C) orMallory trichrome (D), or stained for tartrate-resistant acid phosphatase (TRAP) detection
(F). Note the regions fromwhichmeasurementswere derived: extension of the initial defect (B, blue), NFBD (B, white), RBDE (B, yellow), and TCA (C, red). D)
Black arrows indicate NFC, which was measured in a 620-mm (mesio-distal direction) extension from the instrumented root. E) Black arrow indicates PDL
fiber reattachment in the NFC, as observed by polarizing light microscopy. F) Black arrows indicate TRAP-positive cells in the bone TCA; TRAP-positive
osteoclast can be observed under high magnification. BO = bone; DR = distal root from the mandibular right first molar; CA = callus area; CA-BO = callus
bone area.

‡‡‡‡ Sigma-Aldrich.
§§§§ Sigma-Aldrich.
iiii Sigma-Aldrich.
¶¶¶¶ MPL.
#### Image-Pro Plus, Media Cybernetics.
***** SAS/STAT v.9.3, SAS Institute, Cary, NC.
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sections stained with H&E showed newly formed
PDL in all operated rats, qualitative birefringence
analysis revealed dense PDL fiber reattachment to
the NFC only in group 2 animals treated with hPTH
1-34 for 21 days (T21) (Fig. 2). Histometric anal-
ysis revealed that the initial extension (C14, 4.56 –
0.16 mm; T14, 4.65 – 0.17 mm; C21, 4.69 – 0.35

mm; T21, 4.65 – 0.07 mm) of the bone defect was
similar in all groups (P >0.05). In a comparison
among the experimental and control groups treated
for the same periods (C14 and T14; C21 and T21),
intermittent hPTH 1-34 administration was found to
increase bone formation, reducing RBDE (P <0.01)
(C14, 1.72 – 0.37 mm; T14, 0.87 – 0.13 mm; C21,

0.7 – 0.18 mm; T21, 0.33 –
0.21 mm) and increasing both
NFBD (P <0.01) (C14, 42.50 –
3.50%; T14, 59.62 – 6.09%;
C21, 51.87 – 5.71%; T21,
72.12 – 5.38%) and TCA (P
<0.01) (C14, 0.51 – 0.10
mm2; T14, 3.21 – 0.31 mm2;
C21, 0.96 – 0.15 mm2; T21,
2.20 – 0.24 mm2).

TRAP-positive cells identi-
fied in the callus region were
quantified (Fig. 3). Significant
increases (P <0.01) in osteo-
clast number (ON) were evi-
dent in the groups treated with
hPTH 1-34, considering groups
treated at the same periods
(C14 and T14; C21 and T21)
(C14, 17.62 – 2.38 cells/0.5
mm2; T14, 28.62 – 2.7738
cells/0.5 mm2; C21, 15.75 –
2.37cells/0.5 mm2; T21, 25.50
– 3.92 cells/0.5 mm2).

The obtained values also
showed that hPTH 1-34 treat-
ment increased the deposi-
tion of NFC (P <0.01) (C14,
5,564.10 – 293.42 mm2/620
mm of the root; T14, 11,884.30
– 973.43 mm2/620 mm of the
root; C21, 6,421.84 – 446.87
mm2/620 mm of root; T21,
15,259.42 – 1,879.78 mm2/
620 mm of root).

DISCUSSION

Regeneration comprises the re-
construction of lost or injured
tissues in such a way that both
the original structures and their
function are completely re-
stored. Procedures aimed at
restoring lost periodontal tis-
sues favor the creation of new
attachment, including the for-
mation of a new PDL with fibers
that penetrate into NFC and
alveolar bone. The main new

Figure 2.
Polarizing photomicrographs of the transverse tissue sections (4mm)of themiddle region of the periodontal
defects. The analyzer and polarizer are denoted by crossed bars. The arrow at 45� with the polarizer
and analyzer indicates the position of maximum birefringence. A) Photomicrography at low magnification
to localize the region analyzed by polarizing light microscopy. B) Photomicrography showing a
representative histologic section from an animal of the C21 group. C through E) Photomicrographs
showing representative histologic sections from an animal from the T21 group at low, medium, and high
magnification, respectively. Note the reattachment of PDL in root for the T21 sample. AB= alveolar bone;
DR = distal root from the mandibular right first molar ; RPDL = reattachment of PDL.
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finding of this study is that intermittent hPTH 1-34
administration increases NFC formation.

Although the number of animals used in this study
is relatively small, no significant differences in the
initial extension of the bone defect were evident
among any of the groups. This initial analysis verified
that the surgeries were performed similarly in all
animals and thus justified subsequent comparative
statistical analyses among groups with regard to the
other experimental variables investigated. The ex-
perimental model used in the present study has been
described previously,13 and it has been considered
by numerous groups to be a good tool for evaluating
the effect of bioactive molecules.16,18,19 This model
has also proved informative in the investigation of
systemic changes in the context of periodontal re-
generation in an aseptic environment,14,20,21 be-
cause it does not directly expose the relevant tissues

to the oral cavity. The use of
a model derived from the liter-
ature facilitates valid com-
parisons among results from
different studies. For example,
Huang et al.16 used synthetic
bone morphogenetic protein-6
in the same model of peri-
odontal repair and reported
a similar rate of NFC genera-
tion as that observed in the
present study after adminis-
tration of hPTH 1-34.

Birefringence is the anisot-
ropy caused by the difference
between the two refractive in-
dices of a substance, and it
occurs as a consequence of
ordered polymerization of mac-
romolecules, such as organic
matrix of enamel and collagen
fibers in the periodontium.22,23

One of the key functional
characteristics of the acellular
cementum is the insertion of
collagen fibers from the PDL,
the so-called Sharpey fibers.23

In the present study, PDL fi-
ber attachment to the new
cementum was verified via
polarizing light microscopy,
which allowed the observation
of functionality of the restored
periodontium in the defects
created in animals from the
T21 group.

Intermittent hPTH 1-34 ad-
ministration promoted an in-

crease in bone formation in the defective area for
both of the time periods investigated (�20% and
�11% for 14 and 21 days, respectively), and an in-
crease in the TCA was also evident in both of the
hPTH 1-34-treated groups. In some animal models
of bone repair, PTH (or analogs, peptides) admin-
istration can improve bone formation at the repair
site. These increases are commonly associated with
enhanced callus mechanical properties, and similar
results have been replicated in rats,24-27 mice,28

and non-humans.29,30 In addition, similar to the
present study, previous studies have reported that
increased callus formation caused by PTH treat-
ment is accompanied by an increase in ON (TRAP-
positive cells) in the area of bone repair.31

Skeletal repair in non-human models used to in-
vestigate the incorporation of intermittent hPTH 1-34
therapy have reported some efficacy with regard to

Figure 3.
Values represent themean– SD of the initial extension of the bone defect (A), RBDE (B), NFBD (C), TCA
(D), NFC (E), and TRAP-positive cells in the bone TCA (F). Different lowercase letters (a through d)
represent significant intergroup differences in each graphic (as determined by ANOVA and the Tukey test
for intergroup comparisons).
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long-bone fracture healing, critical-sized bone de-
fects, spinal arthrodesis, and distraction osteo-
genesis.32 The efficacy of hPTH 1-34 therapy has
also been tested in impaired bone healing models of
aging, estrogen deficiency, inflammatory-erosive
arthritis, and steroid use.29,33-36

Data obtained by the present authors from healthy
and estrogen-deficient rats, with similarly aged ani-
mals used in the present study, suggest that in-
termittent PTH administration has the ability to
protect against periodontitis-associated bone
loss.9,10 Similarly, a recent clinical study showed the
benefit of intermittent PTH administration with regard
to improving the outcome of periodontal surgery in
patients suffering from severe chronic periodontitis.
The authors of that study followed a clinically
established protocol for the systemic administration
of PTH with an approved dosing regimen.12,37

Although these studies have yielded informative
results, the precise mechanisms by which PTH acts
on the periodontium are not yet completely un-
derstood.

Cementoblasts are mesenchymal cells with phe-
notypic features similar to osteoblastic cells in vitro,
but in vivo, they perform different functions.38 It has
been reported that cementoblasts express PTH 1
receptor (PTH1R).38 PTH is the main calcium me-
tabolism regulator, and in vitro and in vivo evidence
indicates that transient activation of the PTH1R
activates multiple interconnected pathways leading
to increased survival signaling.39

Currently available evidence indicates that the
cyclic adenosine monophosphate–protein kinase A
response to PTH1R activation is the main mecha-
nism that drives the anabolic action of PTH in
bone.40-44 Activation of the PTH receptor in osteo-
blasts directly induces canonical Wnt (wingless-type
MMTV integration site family) signaling, which is
essential for osteoblast proliferation and differenti-
ation. This pro-osteoblastic signal is further ampli-
fied by suppression of the Wnt antagonist sclerostin
in osteocytes.43,44 Conversely, PTH also reportedly
modulates the expression of the Wnt antagonist
Dickkopf-related protein 1.43-45

PDL cells respond to intermittent hPTH 1-34 ad-
ministration in an osteoblast-like manner with
changes in proliferation, apoptosis, and differentia-
tion.37,46,47 In addition, intermittent PTH adminis-
tration leads to osteoblastic differentiation of human
PDL cells and helps biomineralization when these
cells are transplanted into immunocompromised
mice. In an in vivo study of periodontal repair in the
context of a rat model of tooth-root resorption,
Lossdörfer et al.48 reported that PDL cells could be
potent regulators of periodontal repair via modifi-
cation of the local microenvironment, and the authors

suggested that the anabolic potential of intermittent
PTH administration could contribute to reparative
processes of the periodontium. Based on the find-
ings of these previous studies, the authors of the
present study hypothesize that the increase in the
cementum-like deposition during periodontal repair
seen in this study may have been related, at least in
part, to the action of hPTH 1-34 in precursor cells
from residual PDL, which are the main cells re-
sponsible for cementum regeneration.49

CONCLUSIONS

Together, the results from the present study indicate
that intermittent hPTH 1-34 administration may ac-
celerate periodontal healing in rats.
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