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Therapeutic Effects of Systemic Vitamin
K2 and Vitamin D3 on Gingival
Inflammation and Alveolar Bone

in Rats With Experimentally Induced
Periodontitis

Kibra Aral,* Banu Arzu Alkan,’ Recep Saraymen,t Arzu Yay,$ Ahmet Sen,| and Gézde Ozge Onder$

Background: The synergistic effects of vitamin D3 and vita-
min K2 on bone loss prevention have been reported. This study
evaluates the effects of vitamin D3 and vitamin K2 supplemen-
tation in conjunction with conventional periodontal therapy
(scaling and root planing [SRP]) on gingival interleukin (IL)-
1B and IL-10, serum bone alkaline phosphatase (B-ALP) and
tartrate-resistant acid phosphatase 5b (TRAP-5b), and calcium
and alveolar bone levels in rats with experimentally induced
periodontitis.

Methods: Seventy-two rats were divided into the following
groups: 1) healthy; 2) periodontitis; 3) SRP; 4) SRP + vitamin
D3; 5) SRP + vitamin K2; and 6) SRP + vitamins K2 and D3.
Periodontitis was induced by ligature placement for 7 days,
and vitamin K2 (30 mg/kg) and/or vitamin D3 (2 ng/kg)
were administered for 10 days in the SRP + vitamin D3, SRP
+ vitamin K2, and SRP + vitamins K2 and D3 groups by oral
gavage. On day 18, the animals were sacrificed, serum B-
ALP, TRAP-5b, and calcium levels were measured, gingiva
specimens were extracted for IL-18 and IL-10 analysis, and dis-
tances between the cemento-enamel junction and alveolar
bone crest were evaluated.

Results: Alveolar bone levels in the periodontitis group were
significantly greater than those in the other five groups. No sig-
nificant differences were found in gingival IL-1p and IL-10, se-
rum B-ALP and TRAP-5b, and calcium and alveolar bone
levels between the groups receiving SRP and vitamins and
the group receiving SRP alone.

Conclusion: Within the limitations of this study, vitamin D3
and K2 alone or in combination did not affect gingival IL-13
and IL-10, serum B-ALP and TRAP-5b levels, or alveolar
bone compared with conventional periodontal therapy alone.
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eriodontitis is a disease character-
Pized by infectious and inflammatory
bone resorption.! It has been pro-
posed that increased levels of cytokines in
periodontally diseased tissues can act
systemically, and initial periodontal treat-
ment may affect tissue and serum cyto-
kine levels.? Interleukin (IL)-1B, which is
a basic marker of the inflammatory re-
sponse,3 has been reported to increase in
gingival tissue in periodontal disease.* IL-
10 plays an important role in the sup-
pression of immune and inflammatory
responses.” It inhibits the synthesis of
proinflammatory cytokines, such as IL-1,
IL-2, and IL-6, and stimulates the pro-
duction of protective antibodies.®"”
Biochemical markers are indicative of
complex bone remodeling processes and
have important roles in the diagnosis and
treatment of metabolic bone diseases.8
Bone alkaline phosphatase (B-ALP) is
a bone-specific isoenzyme of ALP. It is
localized in the membrane of osteoblasts
and released into the circulation during
activation of osteoblasts.? It has been re-
ported that ligature-induced periodontitis
reduced the serum levels of B-ALP.1°
Tartrate-resistant acid phosphatase 5b
(TRAP-5b) is a specific and sensitive
marker of osteoclasts. Its serum concen-
tration is related with bone resorption.!1-12
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It has been shown that, in rats with cyclosporine-
induced alveolar bone loss, serum TRAP-5b levels
were higher than those of healthy controls.!3

Conventional periodontal treatment is insufficient for
two main reasons: 1) microbial factors cannot be
completely eliminated, and 2) conventional periodontal
treatment does not have a direct effect on the host
response. Therefore, to ensure the long-term success of
treatment of chronic periodontitis (CP), a therapeutic
approach that regulates the host response responsible
for periodontal tissue breakdown has emerged, in
addition to microbial elimination.!4 In conjunction
with these treatment approaches, vitamin D supple-
mentation has attracted attention because of its anti-
inflammatory and immunomodulating properties.!?

Vitamin D has regulatory effects on osteocalcin
and osteopontin, which belong to the bone matrix
protein family of osteoblasts, and vitamin D3 acts as
an immune modulator.!® Vitamin K plays a key role
in the clotting mechanism.!” Osteocalcin and matrix
carboxyglutamate, which are both involved in bone
metabolism, require vitamin K to become activated.!8
On the basis of an in vitro study, Koshihara and Hoshi!?
stated that combined administration of vitamins K2 and
D3 resulted in a dramatic increase in bone calcification
and that vitamin K2 was essential for high serum levels
of vitamin D3.

The aim of this study is to evaluate the effects of
vitamin K2 and/or vitamin D3 administration in ad-
dition to conventional periodontal treatment (scaling
and root planing [SRP]) on gingival levels of IL-13
and IL-10, serum levels of B-ALP and TRAP-5b, and
alveolar bone loss in rats with experimentally induced
periodontitis.

MATERIALS AND METHODS

Animals

Seventy-two male Wistar rats weighing 270 to 330 g
were randomly assigned to six equal groups, and
periodontitis was experimentally induced in all
groups except group S (the healthy control group).
The remaining treatment groups were included the
following: 1) group P (periodontitis only); 2) group PT
(SRP was performed); 3) group D (SRP was per-
formed and vitamin D3 was administered); 4) group
K (SRP was performed and vitamin K2 was admin-
istered); and 5) group DK (SRP was performed and
vitamins D3 and K2 were administered). The ex-
perimental protocol was approved by the Animal
Experiment Ethics Committee of Erciyes University
(approval no. 12.06.2013.TS.06.KN.13/87). During
the experimental procedure, the animals were main-
tained in a quiet room with a controlled temperature
(21°C + 1°C) and a 12-hour light/dark cycle. The rats
were fed standard chow and had access to tap water
ad libitum.
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Experimental Periodontal Disease

Animals were examined before placement of lig-
atures using a dental loupe. No inflammation was
observed. The animals were randomly selected,
weighed, and anesthetized with a combination of
ketaminel (1 mL/kg intraperitoneally) and xylazine*
(0.1 mL/kg intraperitoneally). The ligature model of
periodontitis was implemented by tying 4/0 cotton
ligatures in the subgingival region around the right
and left maxillary first molars. After 7 days, the lig-
atures were removed in groups P, PT, D, K, and DK,
and conventional periodontal treatment (SRP) was
only performed in the treatment groups (groups PT,
D, K, and DK).2°

Periodontal Therapy Procedure

The animals were anesthetized for ligature removal and
SRP procedure. Immediately after ligature removal,
periodontal therapy was performed with curets** in
groups PT, D, K, and DK as described previously.?! A
curette was used in the buccal and lingual surfaces in
a disto-mesial direction and in furcation and in-
terproximal areas in an apico-coronal direction 10
times with a pull stroke.2! Periodontal pockets were
irrigated with 1 mL saline solution after SRP.22

Vitamin Treatments

Vitamin supplementation was initiated when the ani-
mals woke from anesthesia after the SRP procedure.
Calcitriol ' was prepared daily in corn oil (vehicle)¥¥ at
a concentration of 2 ug/mL.!3 Animals in groups D and
DK were given 2 n.g/kg vitamin D3 by oral gavage once
a day for 10 days. Vitamin K2 (menatetrenone)$8 was
converted into a mixture at 30 mg/5 mL in the corn oil
vehicle and administered orally once a day for 10 days
at 30 mg/kg to groups K and DK.23 The vitamins in the
combined vitamin group (DK) were administered 30
minutes apart. The animals were sacrificed 24 hours
after the last day of vitamin administration.

Histologic Analysis

Each rat’s maxilla, including molar teeth, was re-
sected as a block and divided into two sections from
the midline. Right sections were used for histologic
analysis, and left sections were used for biochemical
analysis. Right fragments were dissected, fixed in
10% formaldehyde for 48 hours, decalcified in 10%
EDTA for ~2 weeks, washed, dehydrated in graded
alcohol concentrations, cleared in xylene, and em-
bedded in paraffin. The paraffin blocks were serially
cut in a mesio-distal direction along the long axis
of the teeth to generate 7-pm-thick longitudinal

9 Ketalar, Pfizer, Istanbul, Turkey.

# Rompun, Bayer, Istanbul, Turkey.

** 1/2 Mini Five Gracey, Hu-Friedy, Chicago, IL.
11 Santa Cruz Biotechnology, Santa Cruz, CA.
¥% Sigma-Aldrich, St. Louis, MO.

§8§ Santa Cruz Biotechnology.
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sections. Sections were transferred to polylysine slides,
stained with Masson trichrome, and examined under
a light microscope.IHI Digital images were captured and
analyzed with software.11 Alveolar height measure-
ments were performed, taking into consideration an
imaginary line uniting the cemento-enamel junction of
the maxillary first and second molars and the alveolar
bone crest (CEJ-ABC distance). The histologic sec-
tions were clustered in groups of 10 sections by an
examiner (AY) unaware of study design.®* Intra-
examiner reproducibility was checked before and dur-
ing the histometric analysis using seven sections from
each group, which were selected at random and ana-
lyzed twice with a 1-week interval between analyses.2>

Serum Analysis of B-ALP, TRAP-5b, and Calcium
Levels

After being fasted overnight, on day 18, the animals
were anesthetized, and 8 mL blood was drawn directly
from the heart of each animal, immediately before they
were sacrificed. Blood samples were transferred to gel
tubes and then placed in the centrifuge. After centri-
fugation, dissociated serum samples were transferred
to 1.5-mL tubes and stored at —70°C before analysis.
B-ALP and TRAP-5b levels were analyzed using enzyme-
linked immunosorbent assay (ELISA) kits** in accor-
dance with the instructions of the manufacturer. Calcium
levels were analyzed using a chemical analyzer.***

Analysis of Gingival IL-18 and IL-10 Levels

The tissues harvested around the first molar teeth
were dissected and placed into sterile tubes con-
taining 400 pL phosphate-buffered saline (PBS) and
0.05% polysorbate 20.7TT Tissues were weighed,
sliced into small pieces with scissors, and solubilized
in PBS to a final concentration of 100 mg tissue/mL.
After extraction with a vortex mixer for 10 minutes,
each gingival sample was centrifuged at 370 x g for 5
minutes. The supernatants were collected and stored
at —70°C before analysis. To avoid protease activity,
the entire procedure was performed at 4°C.26 IL-10
and IL-1B levels were analyzed using ELISA kits*** in
accordance with the instructions of the manufacturer.

Statistical Analysis

Data are expressed as mean + SD. Statistical analysis
was performed using a program package.388 The
groups were compared via one-way analysis of vari-
ance (ANOVA). Intergroup multiple comparisons (post
hoc) were performed using Tukey test, and P values
<0.05 were deemed to indicate statistical significance
in all tests.

RESULTS

Serum B-ALP, TRAP-5b, and Calcium Levels
There were statistically significant differences in serum
B-ALP levels among the groups (P <0.05) (Fig. 1).
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Compared with group S, groups PT (P <0.05), K
(P <0.001), and DK (P <0.05) had higher levels of
serum B-ALP. Comparisons among the vitamin groups
revealed that B-ALP levels in group D were statistically
lower than those in group K (P<0.05). There were no
significant differences between group PT and any of
the vitamin groups (P >0.05). Serum B-ALP levels in
group P were significantly lower than those in group K
(P<0.001).

There were significant differences in serum TRAP-
5b levels among the groups (P <0.05) (Fig. 1). Group
S had significantly lower levels than group K (P<0.05).
Among the vitamin groups, serum TRAP-5b levels in
group K were significantly higher than those in group
DK (P <0.05). There were no significant differences
between group PT and any of the vitamin treatment
groups or between group P and any of the other the
groups (P >0.05).

No significant differences in serum calcium levels
were observed among all groups (P >0.05) or between
the specific vitamin groups (P >0.05). Furthermore,
significant differences were not found between group
PT and any of the vitamin groups (P >0.05) (Fig. 1).

Gingival IL-10 and IL-1B Levels

There were no significant differences in gingival IL-10
levels when the experimental groups were compared
with the healthy group (P>0.05) (Fig. 2). There were
also no significant differences in IL-10 among the
vitamin groups (D, K, and DK) or between the vita-
min groups and group PT (P >0.05). Gingival IL-10
levels in group P were significantly lower than those in
groups D and K (P <0.05).

Gingival IL-1B levels were significantly lower in
group S than in group P (P <0.05). There were no
significant differences among the vitamin groups or
between the vitamin groups and group PT (P>0.05).
Gingival IL-1B levels in group P were significantly
higher than those in group PT (P <0.05) (Fig. 2).

Histologic Analysis

Repeated measurements of the CEJ-ABC distance
on histologic sections revealed that there was no
significant difference between the first and second
measurements of the examiner (P >0.05). Of all the
experimental groups, only group P had significantly
higher CEJ-ABC distance values than group S
(healthy control group) (P <0.001) (Fig. 3). There
were no significant differences among the vita-
min groups D, K, and DK (P >0.05). Moreover, no
significant differences were observed between the

" Olympus BX50, Olympus, Tokyo, Japan.

99 NIH Imaged, National Institutes of Health, Bethesda, MD.
## Sunred Biological Technology, Shanghai, China.

*** cobas 8000, Roche Diagnostics, Basel, Switzerland.

111 Tween 20, Thermo Fisher Scientific, Waltham, MA.

¥++ eBioscience, San Diego, CA.

§§§ SPSS, IBM, Chicago, IL.
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Figure 1.

A) Effects of vitamin D and vitamin K supplementation on serum TRAP-5b levels. * Comparison with group S: serum TRAP-5b levels were significantly lower in
group S than in group K (P <0.05). TAmong the vitamin groups, serum TRAP-5b levels were significantly higher in group K than in group DK (P <0.05). One-
way ANOVA was used for statistical analysis. B) Effects of vitamin D and vitamin K supplementation on serum B-ALP levels. * Comparison with group S:
serum B-ALP levels were lower in group S compared with groups PT, K, and DK (P <0.05). TAmong the vitamin groups, serum B-ALP levels were significantly
higher in group K'than in group D (P <0.05). "Comparison with group P: serum B-ALP levels were significantly lower in group P than in group K (P <0.001).
One-way ANOVA was used for statistical analysis. C) Effects of vitamin D and vitamin K supplementation on serum calcium (Ca) levels. No significant
differences were found between the groups (P >0.05). The Kruskal-Wallis test was used for statistical analysis.

vitamin groups (D, K, and DK) and group PT (P>0.05).
The CEJ-ABC distance values in groups PT (P =
0.001), D (P<0.001), K (P=0.001), and DK (P<0.001)
were significantly lower than those in group P (Fig. 3).
Histologic sections from the study groups are shown in
Figure 4. Histologic analysis of group S confirmed that
the periodontal and gingival structures were healthy.

DISCUSSION

Studies on the use of antiresorptive agents for anti-
inflammatory and anti-infective periodontal treatment
have become popular in recent years. It is expected
that efficient treatment procedures targeting control
of bone resorption, in addition to conventional me-
chanical periodontal therapy aimed at eliminating
inflammation, will soon become available.!® Vitamins
may be considered candidates in this sense, because
they play roles in the regulation of host responses,
the enhancement of innate immune responses, and
the reduction of alveolar bone resorption.!?27 Many
studies have confirmed that vitamin D deficiency
is associated with bone loss.?® In addition to pro-
moting bone homeostasis, vitamin D also has anti-
inflammatory and immunomodulating properties.2°

In this study, conventional periodontal therapy alone
or in combination with the administration of vitamin D3,
vitamin K2, and vitamins D3 and K2 together affects
the CEJ-ABC distance favorably. However, the differ-
ences in alveolar bone loss between the vitamin groups
and group PT were not significant. Thus, these findings
did not support the notion that vitamin D has additional
positive effects on alveolar bone.

There are previous reports of human studies exam-
ining the relationship between periodontal status and
vitamin D deficiency.3%3! Jénsson et al.>? examined

the effects of female sex hormones and vitamin D on
periodontal pathology. The authors reported that the
antagonistic effects of estrogen and progesterone on
periodontitis depend on the presence of high levels
of vitamin D and suggested that this situation may
originate from the anti-inflammatory effects of these
hormones and vitamin D via a reduction of cytokines,
such as IL-1B and IL-6. Boggess et al.32 investigated
the relationship between periodontal status and vi-
tamin D levels in pregnant females. Their findings
showed that vitamin D levels in females with mod-
erate and severe periodontal disease were lower than
those of periodontally healthy females. The authors
suggested that vitamin D may be a potential thera-
peutic strategy to enhance maternal oral health.32
Teles et al.33 investigated the relationships be-
tween serum adipokines, vitamin D, and clinical/
microbiologic periodontal parameters in patients
with CP. Their study showed that the patients who
had the highest levels of serum vitamin D exhibited
less bleeding on probing, better probing depth,
less clinical attachment loss (AL), fewer missing teeth,
and lower levels of pathogenic bacteria.?3 Dietrich
et al.34 examined the relationship between serum
vitamin D levels and AL in a large population and
suggested that lower serum vitamin D levels were
associated with increased AL. In another study,3! the
same investigator reported that vitamin D may reduce
sensitivity to gingival inflammation by way of its anti-
inflammatory effects. The present study shows that
conventional periodontal therapy alone was not
effective in increasing the levels of the gingival anti-
inflammatory cytokine IL-10 or the serum bone for-
mation marker B-ALP and that vitamin D3 and/or K2
supplementation was required to achieve this. Of all
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A) Effects of vitamin D and vitamin K supplementation on gingival IL-1 8
levels. * Comparison with group S: gingival IL- B levels were significantly
lower in group S than in group P (P <0.05). 8Comparison with group P:
gingival IL- | B levels were significantly higher in group P than in group PT
(P <0.05). One-way ANOVA was used for statistical analysis. B) Effects
gf vitamin D and vitamin K supplementation on gingival IL-10 levels.

Comparison with group P: gingival IL- 1 0 levels were significantly lower in
group P than in groups D and K (P <0.05). One-way ANOVA was used for
statistical analysis.

the treatment groups, including group PT, only group K
demonstrated significantly higher B-ALP levels com-
pared with group P (untreated).

A few studies have examined the effects of vitamin D
supplementation on periodontal status in humans.34-38
Krall® reported that higher vitamin D intake was as-
sociated with reduced AL and a lower risk of tooth loss.
Miley et al.36 suggested that patients receiving main-
tenance periodontal therapy and vitamin D and cal-
cium supplementation had better periodontal health.

A limited number of animal studies on the effects
of vitamin administration on periodontal parameters
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Effects of vitamin D and vitamin K supplementation on the CE/-ABC
distance. * Comparison with group S: The CEJ-ABC distance was
significantly higher in group P than in group S (P <0.05). *Compan’son
with group P: the CEJ-ABC distance was significantly higher in group

P than in groups D and DK (P <0.001). //Companson with group P: the
CEJ-ABC distance was significantly higher in group P than in groups PT
and K (P = 0.001). One-way ANOVA was used for statistical analysis.

and alveolar bone resorption are available.!3:37:38

Hidekazu et al.37 investigated the effects of vitamin
K2 on periodontitis. The authors suggested that ad-
ministration of vitamin K2 may reduce the number of
osteoclasts and the amount of bone resorption in
rapidly progressive experimental periodontitis.3” In the
present study, B-ALP levels are only significantly higher
than those of group P (untreated) in group K. This
finding was also concordant with histologic findings.
Although the findings of this study show positive effects
of vitamin K2 administration on alveolar bone, as re-
ported by Hidekazu et al.,3” it is not appropriate to
compare the findings of the two studies. The major
difference between the two studies is the timing of vi-
tamin K administration in relation to the initiation of
experimental periodontitis. The other difference is that
conventional periodontal therapy (SRP) was used in
this study.

Spolidorio et al.!3 investigated the effects of
calcitonin and vitamin D administration on serum pa-
rameters and alveolar bone in rats with cyclosporine-
induced alveolar bone loss. It was reported that vitamin
D and calcitonin reduced osteopenic changes, and the
levels of TRAP-5b and inflammatory cytokines (IL-1,
tumor necrosis factor [TNF]-a, and IL-6) induced by
cyclosporine. Although that study and this study both
investigated the effects of vitamin D administration
on alveolar bone and inflammatory cytokine levels,
the methods (experimental periodontitis model ver-
sus drug-induced alveolar bone loss model) used for
induction of alveolar bone loss and the administration
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Figure 4.
Histologic sections of the study groups stained with Masson trichrome (MT). *Defined as the ABC.
A) Group S. B) Group P. C) Group PT. D) Group D. E) Group K. F) Group DK.

of different drug combinations (vitamins D and K
versus vitamin D and calcitonin) for different durations
(10 days versus 6 weeks) are some of the differences
between the two studies. However, the major difference
is that, regardless of the type of alveolar bone loss
induced, in this study, vitamin administration in ani-
mals with established alveolar bone loss is initiated,
whereas Spolidorio et al.!3 initiated drug administration
simultaneously with resorptive agent administration.
In the present study, the administration of vitamins
D3 and K2, alone or in combination, did not signifi-
cantly enhance the gingival levels of IL-10 or the serum
levels of B-ALP and did not reduce the levels of gingival
IL-1B and serum TRAP-5b compared with conventional
periodontal therapy alone. Serum TRAP-5b levels in-
dicative of a systemic effect were not evident during the
period of vitamin administration (10 days). Taking into
consideration that no difference existed even in
serum levels of TRAP-5b between non-treated peri-
odontitis animals and the healthy group, this situation
may be interpreted as periodontitis affecting local anti-
inflammatory markers, rather than systemic markers,

Aral, Alkan, Saraymen, Yay, Sen, Onder

during the study period. Fur-
thermore, the lack of signifi-
cant differences in calcium
levels among all groups may
have been attributable to the
dosage and short study duration.
Additionally, using more and
different biochemical markers in
future studies may clarify the
effects of vitamin D and vitamin
K supplementation in the treat-
ment of periodontitis.

Li et al.38 examined the effects
of vitamin D3 on alveolar bone
loss and gingival inflammation in
mice with and without diabetes
with Porphyromonas gingivalis-
induced experimental peri-
odontitis. The authors reported
that vitamin D3 treatment re-
duced serum TNF-«a levels, al-
veolar bone loss, and fasting
blood glucose levels in mice with
diabetes and had a protective
effect against diabetic peri-
odontitis. Although that study
was similar to this study in terms
of vitamin administration after
the induction of experimental
periodontitis, the two studies
differ in two respects. First, Li
et al.3® did not perform any
conventional periodontal treat-
ment. Second, their animals had
diabetes, which is known to have adverse effects on
periodontal tissues. The fact that supplementation with
vitamin D3 in conjunction with conventional peri-
odontal therapy reduced gingival IL-10 levels signifi-
cantly suggests that vitamin D3 may have protective
functions on gingival inflammation. A similar effect also
exists for vitamin K2.

There are reports on the effects of combined vi-
tamins D and K administration on bone loss and bone
mineral density.23’39’40 However, to the best of the
authors’ knowledge, no published study has in-
vestigated the relationship between periodontal status
and the administration of this vitamin combination.
Matsunaga et al.*! reported that vitamins D and K
combined had synergistic effects in the reduction of
bone loss in ovariectomized rats.4! However, it is not
possible to compare the results of that study with the
present findings because the experimental designs
(experimental periodontitis versus bone loss attribut-
able to osteoporosis) and the types of bone examined
(alveolar bone versus tibia) differ between the two
studies.
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In this study, the vitamin groups did not show
significant positive effects on the evaluated param-
eters compared with group PT. This may have been
attributable to the short duration of this study (10
days), which was one of the limitations of the study. If
the duration of vitamin administration is extended,
vitamin supplementation in addition to conventional
periodontal therapy may change the treatment out-
come. In addition, the lack of significant differences
between the treatment groups may have been the
result of the small sample size, which was another
limitation of the present study.

To the best of the authors’ knowledge, this study is the
first to investigate the effects of vitamin D3 and vitamin
K2 administration alone and in combination, in con-
junction with conventional periodontal therapy (SRP) for
periodontitis. The findings of the present study could not
be compared with those of other studies because of
differing experimental designs and drug combinations
and variations in the parameters examined.

CONCLUSION

Within the limitation of this study, vitamin D3 and K2
supplementation (either alone or in combination)
after conventional periodontal treatment did not have
a positive effect on gingival IL-13 and IL-10, serum B-
ALP and TRAP-5b levels, or alveolar bone compared
with conventional periodontal treatment alone.
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