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ABSTRACT

Objectives: Research has shown that Boron (B) may be an essential dietary component for

animals and humans. The goal of the present study was to investigate the effect of systemic boric

acid administration on periodontal tissues of rabbits with induced periodontitis using alkaline

phosphatase activity as a marker of bone turnover.

Materials and methods: Eighteen white adult male New Zealand rabbits were divided into

three groups of six animals each: group I non-ligated passive control, group II ligated only and

group III ligated and fed on Boron (3 mg/kg per day for 4 weeks). A 4/0 silk suture was placed in

subgingival position around the neck of the first premolars; after 4 weeks the rabbits were sacrificed

and the tissues were examined histologically and immunohistochemically to detect changes of

alkaline phosphatase enzyme (ALP) used to evaluate alveolar bone development and stimulation.

Results: The mean area percentage for ALP reached 5.7% in group I versus 20.7% in group II

(p=0.03) and 35% in group III (p=0.007).  The ALP immunostaining was found to be significantly

higher in group II than group I and significantly higher in group III than group I (p=0.007).

Conclusions: This study has demonstrated that systemic administration of boric acid reduced

periodontal inflammation and alveolar bone loss in induced periodontitis in rabbits.
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INTRODUCTION

Periodontitis is a chronic inflammatory disease
initiated  by bacterial  pathogens  and  propagated
by an abnormal host response to those organisms.
Recently, researches emphasized on the host

modulatoryagents to understandand treat periodontal

diseases or at least to slow its progression. For this

reason, numerous host-modulatory agents such as

anti-inflammatory1 and anti-oxidant2 agents were

investigated.
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Due to its unique physicochemical characteristics
and hypolipidemic, anti-inflammatory, anticancer,
and   antioxidant   properties,   boron   has   gained
great attention in the medical area and also has a
minimal genotoxic effect on bacteria3&4. Boron (B)
is the chemical element with atomic number 5 and
the chemical symbol B. In the environment, it is
abundant as boric acid and borate and frequently
found in diets plentiful in foods like fruits,
vegetables, and legumes. B supplied through the
diet in physiologic amounts is known to influence
numerous metabolic parameters5. It also has a vital
role in the osteogenesis and the maintenance of bones.
In B deficiency, bone regeneration and development
are adversely affected, increasing risk of bone loss6.
Depending on the amount of the element supplied
orally, B is immediately and completely absorbed
from the gastrointestinal tract into the blood stream
and accumulates in bone. It also interacts with the
other significant bone metabolism agents, including
calcium, vitamin D and magnesium6.

Many researches correlated B as anti-
inflammatory and antioxidant with treatment of
periodontitis2,3. It was suggested that B limits
oxidative damage by enhancing the body store of
glutathione and its derivatives, or by inducing other
reactive oxygen species (ROS) neutralizing agents.
Pawa and Ali, found that when borax (4.0 mg/ kg),
as a B source, was administered orally to rats for
three consecutive days at an interval of 24h followed
by the administration of thioacetamide (400 mg/kg),
it offset the deleterious effects of thioacetamide by
modulating the oxidative stress parameters; they
suggested that boron could help to maintain the
oxidant/antioxidant balance of the affected tissue7.
A B-containing compound (AN0128) was reported
by Luan et al. to have both antibacterial and anti-
inflammatory properties. It has been shown to reduce
the formation of an inflammatory infiltrate and bone
loss in rabbits3. In another study, the effects of boron
on bone regeneration in response to expansion of
the mid-palatal suture were investigated in rabbits.
They demonstrated an increase in newly formed

mineralized bone area in the suture area with boron
supplementation 5.

The goal of this study was to investigate the
effect of B dietary supplements on alveolar bone
changes  in induced  periodontitis  in  rabbits.  In
order to confirm the effect of systemic boric acid
administration on alveolar bone turn over, anti-
alkaline phosphatase antibody was used to evaluate
the alveolar bone development and/or stimulation.

MATERIALS AND METHODS

Experimental animals

This study was performed on eighteen male New
Zealand rabbits, ranging in age from 3-5 months,
and weighting 2-2.5 Kg approximately. The study
protocol  was reviewed  by  the  ethics  committee
of the faculty of Oral and Dental Medicine, Cairo
University. All animals were exhibiting intact
maxillary dentition without evidence of malocclusion
or periodontal disease and were screened for good
physical condition. All the designed experimental
steps were performed at the animal housing unit of
the Faculty of Medicine, Cairo University.

Animals were first anesthetized with a
combination of ketamine 35mg/kg and xylazine
5 mg/kg injected intramuscularly.   The upper
first  premolars were locally anesthetized using
local anaesthesia to decrease local bleeding
(Mepivacaine Hcl 2% and Levonordefrin 1:20000,
1.8ml). Experimental periodontitis were induced
using ligature wire in rabbits from groups II and III
(6 randomly selected rabbits in each group). Only
flap reflection and  repositioning  were  performed
for group I rabbits to standardize the inflammatory
status and to act as passive controls.

Prior to ligation, the gingival attachment were
incised slightly by inserting a number 11 scalpel
blade and the periodontal ligaments were undermined
until a periodontal pocket depth reached up to 3 mm
with a straight elevator. After undermining, shallow
notches for ligature retention were made in the
mesial and distal cervical region of each tooth with
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a round bur 8. All animals were placed on analgesic;
Ketofan; 2ml ampules; (Amriya Pharm. Ind., Alex.
Egypt) for postoperative pain control and antibiotic;
Flumox; 500mg vial; (Egyptian Int. Pharm. Ind.
CO. (E.I.P.I.CO) for postoperative infection control
intramuscularly once daily for 3 days.

In group III, animals received boric acid
orogastrically at a dosage of 3 mg/kg daily as
recommended by Uysal et al.5 All the animals
survived to the end of the study and were sacrificed
after 4 weeks postoperatively by overdose of
ketamine injected intramuscularly. The upper jaw
was separated and the operated posterior area in
the upper jaw including teeth, bone and soft tissue
was harvested and fixed in 10% neutral buffered
formalin (4% formaldehyde in phosphate buffered
saline).

Specimen preparation and H&E staining:

Specimens were decalcified in an aqueous 10%
formic acid solution for 10 days. Samples were then
dehydrated and embedded in paraffin, sectioned in
a mesio-distal plane and stained with haematoxylin
and eosin (H&E). Light microscope assessment was
performed on two sections of 6-mm thickness that
corresponded to the buccal and lingual areas where
the ligatures had been placed.

Alkaline phosphatase enzyme immunostaining:

After dewaxing in xylene, the sections were
dehydrated in ethanol and rinsed in distilled water.
For antigen retrieval, the slides were incubated in
10 mM citric acid buffer (pH5-6.3) in a microwave
oven (750 W) for 5 minutes. After cooling for 30
minutes at room temperature, the sections were
washed in Tris buffer for 5 minutes and incubated
at room temperature with rabbit monoclonal anti-
alkaline phosphates (ALP) antibody ([SP15]:
ab137879, Abcam’s RabMAb® technology, UK)
provided at 1:50 dilution. Staining was performed
with the conventional alkaline phosphatase–
antialkaline phosphatase (APAAP) method9. ALP
immune staining was examined by the image
analyser computer system with the software Leica

Quin 500µ, 10 fields in the form of an area and
mean area percentage.

Statistical analysis

Comparisons between groups were performed
using the paired Student’s t-test. The significance
level was set at P≤0.05. The statistical tests were
performed with the Statistical Package for Social
Sciences (SPSS version 14.0, Chicago, IL, USA).

RESULTS

The  results  of  H&E  staining  of  samples  in
group   I   (non-ligated   passive   control)   showed
normal  periodontal  ligament  histology  without
any destruction in the alveolar bone and no signs
of inflammation as shown in figure1.  In group
II samples (ligated only positive control group),
after  4  weeks  of  induced  periodontitis;  alveolar
bone destruction with numerous osteoclasts having
ruffled borders are markedly seen in figure 2.

In sections from group III rabbits fed on Boron,
no osteoclastic  activity  was  detected  and  only
mild inflammatory reaction to the ligation induced
periodontitis was seen in the form of scattered
inflammatory cells and dilated blood vessels in most
of the sections as shown in figure 3.

From the immune stained sections, in group I,
the alkaline phosphatase enzyme (ALP) activity

Fig. (1) Decalcified H&E stained section from group I (non-
ligated)  showing normal  dentine  (D), alveolar bone
(A) and periodontal ligament (P) with no signs of
inflammation or alveolar bone destruction (X40)
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and bone marrow lining cells (endosteal cells) of the
alveolar bone as illustrated in figure 6 (a&b).

The image analysis results of the
immunohistochemical detection of ALP enzyme
showed great difference of intensity between the
test and control groups. The mean area percentage
values of different groups were gathered in table
(1). The mean area percentage for ALP reached
5.7% in group I versus 20.7% in group II and 35%
in group III.

Fig. (2) Decalcified H&E stained section from group II
showing alveolar bone (A) with numerous osteoclasts
having ruffled borders (black arrow), dentine (D) and
periodontal ligament (P) (X40)

Fig. (3) Decalcified H&E stained section from group III
showing some signs of inflammation as dilated blood
vessels  (black  arrows)  with  few  inflammatory cells
infiltration (white   arrow).   Normal   alveolar   bone
(A) with no osteoclastic activity, dentine (D) and
periodontal ligament (P) (X40)

Fig. (4) Photomicrograph showing mild immune reactivity of
anti-alkaline phosphastase antibody in the periodontal
tissues from group I. Alveolar bone (A), dentin (D) and
periodontal ligament (P). (X40)

was mild in the cytoplasmic membranes of some

osteoblasts and newly formed osteoid alveolar bone

as shown in figure 4. In group II sample illustrated

in figure 5, the ALP immune staining was strong

at areas of bone resorption and within the densely

inflamed periodontal  ligament.  In  group  III,  the

ligated group with boric acid supplements, the

localization of ALP activity in bony tissue was very

strong in the cytoplasmic membranes of osteoblasts,

pre-osteoblasts, newly formed embedded osteocytes

Fig. (5) Photomicrograph of a section from group II showing
strong immune reactivity at areas of alveolar bone (A)
resorption and within the densely inflamed periodontal
ligament (P) (X40).
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Fig. (6-a) Photomicrograph showing strong immune reactivity
of anti-alkaline phosphastase antibody in the alveolar
bone (A) and periodontal ligament (P) (X40).

Fig. (6-b) a higher magnification (X100) showing highly positive
immune reaction at cytoplasmic membranes of osteoblasts
and some embedded osteocytes in the alveolar bone.

TABLE  (1) Mean and standard deviation (SD)
values of area percentage of ALP immune
staining of different groups compared
using the paired Student’s t-test.

Groups Group I Group II Group III

ALP immune staining
area % (max-min)

7.328
4.847

22.104
19.933

36.501
34.17

Mean 5.7250 20.6790 35.2263

Standard
deviation(SD)

1.3903 1.2345 1.1779

P 0.03* 0.007*

*Significant at P≤0.05.

DISCUSSION

Nutrition is an important modifiable factor in the
development and maintenance of bone mass. Dietary
components, such as protein, vitamins, and trace
elements are required for normal bone metabolism.
Emerging evidence indicates that boron (B) plays
a role in bone formation and maintenance10,11. It
interacts with calcium, vitamin D, and magnesium
and it also has antioxidant properties3,4.

Boron deprivation in animals leads to decreased
alveolar bone surface and activity of osteoblasts in
mice, suggesting that boron is beneficial to bone
growth and maintenance through its effect on the
presence or activity of osteoblasts and/or osteoclasts
and not by its effect on bone calcium concentration6.
For this purpose, the null hypothesis of this study
assumed that boron has no stimulating effects on
periodontal regeneration and bone formation in
experimental periodontitis in rabbits. We assumed
that dietary B can alter alveolar bone modeling and
remodeling by inhibiting bone resorption.

Alveolar bone is the most malleable of the
periodontal tissues, because it is subjected to
continuous modeling and remodeling associated
with tooth eruption and functional and inflammatory
requirements. Furthermore, the environment
influences healthy and diseased periodontal
tissues3,4.

Alkaline phosphatase enzyme (ALP) produced
by osteoblasts and neutrophilic granulocytes is
of the nonspecific  liver/bone/kidney type ALP.
The importance of ALP  in bone formation and
mineralization  was  first recognized  by  Robison,
and bone ALP has become the clinically most
relevant enzyme in the diagnosis of bone disease.
The activity and localization of ALP are a valuable
index for tissue development and differentiation.
Accordingly, anti-alkaline  phosphatase antibody
and   histologic   analysis   was   used   to   evaluate
alveolar  bone  modeling/remodeling processes  in
this experimental design9.
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The histological examination of periodontal
tissues of group II (ligated only), revealed bone
destruction   via osteoclasts stimulation.   Many
dilated blood vessels with infiltrated inflammatory
cells appeared in periodontal ligament. In group
III (ligated with boron treatment), the periodontal
tissues showed only mild inflammatory responses
to the ligation process and increased plaque
accumulation. These findings are in consistent with
Demirer et al.10

According to alkaline phosphatase (ALP)
immune staining; the localization of ALP activity
in alveolar bone in group III was very strong in
the cytoplasmic membranes of osteoblasts, pre-
osteoblasts, newly formed embedded osteocytes,
and endosteal cells. The mean area % of ALP
expression in group I was 5.7 versus 20.7 for group
II and 35 for group III. These results are in consistent
with Sağlam et al.11

The results of this study suggest that boron (B)
supplements not only decreased the inflammatory
reaction in cases with periodontitis but also
stimulated alveolar bone development. These results
are in consistent with Xu et al. who found that
dietary boron supplements can increase the serum
content of B in osteoporotic rats to stimulate bone
formation and inhibit bone resorption producing an
obvious therapeutic effect against osteoporosis12.
Hakki et al. reported that at the molecular level; B
plays important roles in bone metabolism and may
provide novel usages in regenerative medicine4.
Luan et al. tested the effectiveness of locally
performed boron-based antimicrobial in treating
periodontal disease and they proved that topical use
of boron-based antimicrobial reduces the formation
of inflammatory infiltrate and bone loss3. It has been
also demonstrated that dietary B supplementation
may down-regulate inflammation at a site upstream
of cytokine gene activation in the NF-ĸB regulated
pathway13.

There are some limitations in evaluating the ef-
fects of systemically administered pharmacological

agents and nutrients on bone formation. To mini-
mize systemically adverse effects and to support
bone formation within a definite time interval and
in a definite area, it is important to apply it local-
ly. Thus, future investigations will need to employ
commercially available boron products that are suit-
able for local administration, it is also important to
evaluate the pure effects of the product on bone re-
generation.

CONCLUSIONS

From  the  above  mentioned  data and  within
the  limitations  of  the  animal  study  design  in
general, we can conclude that systemic boric acid
administration  can suppress inflammation within
periodontal tissues and diminish alveolar bone loss
in experimental periodontitis in a ligature-induced
rabbit model.
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