CHEIA|1 R 2RBL3A| : Vol, 31, No, 4, 2001

The Effects of Alendronate on healing of the
extraction sockets in rats

Keung-Ky Moon, Jae-Mok Lee, Jo-Young Suh

Department of Periodontology, College of Dentistry, Kyunpook National University

|. Introduction

Periodontium largely consists of gingiva, periodon-
tal ligament and alveolar bone, Its role is attaching
teeth to the basal bone, and maintaining masticatory
mucosa in the oral cavity, Alveolar bone, a part of
maxilla and mandible which surrounds the roots and
supports teeth, has a significant role of scattering or
absorption of compression to the teeth during masti-
cation, speaking, and swallowing, All bony tissues,
including alveolar bone, are constantly being remod-
eled by the processes of resorption and formation,
But in case of bone destruction such as osteometa-
bolic disease or tumoral disease, osteoporosis by
hormonal change after menopause, there is a neces-
sity for preventing the reduction of bone mass and
controlling of bone formation,

The bisphosphonates, which inhibit bone resorp-
tion by osteoclasts, are chemically analogs of
pyrophosphates, The P-C-P bond instead of P-O-P
bond is stable to heat and most chemical reagents
and completely resistant to enzymatic hydrolysis
and has a strong affinity for hydroxyapatite, In par-
ticular, bisphosphonates are reported to deposit well
at the site of new bone formation!~¥,
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Until now, a great number of bisphosphonates
have been synthesized and each of them possesses
its own physicochemical and biological characteris-
tics. This implies that it is not possible to extrapolate
from the results of one compound to others with
respect to their actions, Bisphosphonates can exert
physicochemical effects very similar to those of
polyphosphonates, binding to the surface of calcium
phosphate crystals and inhibiting their formation
and aggregation as well as their dissolution,

The pharmacokinetic characteristics of bisphos-
phonates are, in case of alendronate, that 30-40% of
them are eliminated in the urine by 24 hours post-
dose, and only a negligible amount of the drug
((0.2%) is detected in faeces, About 60-70% of them
are sequestered in the bone over the short term,
and alendronate is slowly released from the skeletal
deposits, accounting for the prolonged multiple-
phase elimination of this drug, It has been estimated
that the half-life of alendronate is approximately 300
days in rats and at least 1000 days in dogs®,

Although the action mechanism of the bisphos-
phonates on bone resorption is not completely elu-
cidated, there is a general consensus that the bis-
phosphonates act on osteoclasts or osteoblasts, It is



reported that bisphophonates have a direct effect on
the activity of the osteoclasts>~", Some authors
reported that bisphosphonates reduced the life of
osteoclasts by programmed cell death (apoptosis),
thus have an effect on osteoclast recruitment directly
or indirectly®, Others said that bisphosphonates
have an influence on osteoblasts as well as osteo-
clasts, and control the differentiation or function of
the osteoclasts. It is reported that bisphophonates
have an effect on osteoblasts, thus inhibit formation
of osteoclasts”, and induce the osteoclast-mediated
resorption inhibiting factors'®,

Clinical application of hisphosphonates is very
wide and various, In particular, it is known that bis-
phosphonate is used to inhibit bone resorption of
patients who have bone destruction disease such as
Paget's disease, tumoral bone disease, hypercal-
cemia of malignancy, postmenoposal osteoporosis,
osteogenesis imperfecta, and so forth!!~19,

In dentistry, though it is an elementary phase,
much research has been accomplished, It is reported
that, in monkey test, bisphosphonate retarded the
progression of the experimentally induced periodon-
titis'®. In rat test, bisphosphonate treated groups
revealed reduction of alveolar resorption after
mucoperiosteal flap surgery'”'® and an increase of
the bone mass and mechanical strength of the rat'®,
Some authors reported that, in orthodontic therapy,
bisphosphonate was available to inhibit movement
of the teeth as anchorage and relapse®2,

Bone resorption could occur horizontally or verti-
cally after tooth extraction. This bone resorption
would cause some disturbance in the periodontal
treatment, prosthetic treatment and implant surgery.,
Now various therapeutic agents have been devel-
oped for inhibiting bone resorption and increasing
esthetic and functional clinical outcomes, and bis-
phosphonates are a part of this development,

Therefore we investigated, in this study, the effects
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of bisphosphonates on healing of the rat's extraction
socket, which has a good experimental design to
regeneration of tissue destruction, where periodontal
ligaments remained and active granulation tissue for-
mation occurred and progressed to bone formation,
We also investigated the effects of bisphospho-

nates, as inhibiting factors of osteoclastic activity .
I, Materials and Methods
1. Animals and Drug treatment

A total of 18 Sprague-Dawley rats were used for
experimenta) animals in this study, These animals
were 2 months old, Alendronate (Yu Yu Pharm,
Korea) treated and control groups contained 3 ani-
mals each, which were used to investigate the effect
of alendronate on rat's extraction healing by a time
course of 1, 2, 4 weeks,

To extract easily and minimize injury, 8-
Aminoproprionitrile (APN) 0.28g/kg - day (Sigma,
USA) soluted in mineral water was administrated for
5 days before extraction in both groups. Rompun
(BayerKorea, Korea) 0.82cc, Ketamine hydrochloride
(Youhan Pharm, Korea) 7cc, normal saline 2cc were
mixed and injected intraperitoneally by 0.3cc/200g
for general anesthesia. The rats were anesthesized
inhalatively with ether, Thus maxillary first molars
were extracted carefully. Extraction was completed
with modified forcep with sufficient luxation,

Ampicillin 1.5ml/kg (Young Jin Pharm, Korea)
was administrated intramuscularly for preventing
infection after tooth extraction in both groups, and
alendronate 1mg/kg on test group, vehicle (0,.9%
saline) on control were injected 3 times / week for 2
weeks. Three rats on each day were sacrificed on 1,
2, 4 weeks after extraction,

2. Histologic evaluation



All animals were sacrificed on 1, 2, 4 weeks by
heart perfusion, and specimens were taken at the
site of alveolar bone around the extraction areas,

Specimens from alendronate or control group
were fixed with the mixture of 4% paraformalde-
hyde in 0, 1M phosphate buffered saline (PBS). After
demineralization with 10% EDTA, dehydrated with a
graded series of ethanol, specimens were embed-
ded in paraffin, sectioned at Sum with microtome,
and stained with hematoxylin and eosin (H&E). To
evaluate ostetoclastic activity, tartrate resistant acid
phosphatase (TRAP) staining was done, TRAP activ-
ity was detected by incubation for 10 min with a
mixture of 0,1mg/ml naphtol AS-MX phosphate
(Sigma, USA), 0.5% N, N-dimethylformamide, 0.6
mg/ml fast red violet LB (Sigma, USA) in 0,1M
acetate buffer solution (pH 5.0) at 37T,

3. Hardness measurement

The hardnesses of specimens from test or control
group were estimated by the hardness measurement
instrument (FUTURE-TECH, FM-7, Matsuzawa 10,
Japan), under the condition of load 50 g, loading time
10 sec. Fach specimen was measured on 1, 2, 4 weeks
after extraction 6 times per specimen, and the mean
values were tested statistically with student-t test,

I, Results
1. Histologic findings (by H&E staining)

1) 1 week after extraction

There was a similar healing aspect between test
and control groups, Blood clots disappeared in the
center of extraction socket, and fibrous connective
tissues were formed by fibroblasts, Formation of tra-
becular pattern in the marginal bone area was par-
tially shown (Fig.2a, 2b ),
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2) 2 weeks after extraction

There was a similar healing aspect between test
and control groups, Extraction socket was healed by
fibrous connective tissue, and significant decrease of
inflammatory cells and active formation of trabecular
pattern at the marginal bone area were shown, and
gingival epithelium was almost healed (Fig 3a, 3b),

3) 4 weeks after extraction

There was a similar healing aspect between test
and control groups, New bone formation was
shown in most of the extraction socket, and active
osteoblasts were shown mostly in the alveolar crest
area, Epithelium was well keratinized above the
extraction socket, Osteocyte formation was also
shown (Fig 4a, 4b),

2, Osteoclastic activity by TRAP staining

While there was a similar aspect between 1 week
and 4 weeks groups, test groups showed more
reduced osteoclastic activity than control group in 2
weeks groups (Fig 5a, 5b, 6a, 6b, 7a, 7b).

3. Hardness measurement (Table1, Fig1)

1) 1 week after extraction

Hardness of the bone was 13,071 2.64 on con-
trol group, and 23,27+ 3,88 on test group,

There was a statistically significant difference
between control and test group (p{0,05),

2) 2 weeks after extraction

Hardness of the bone was 11,53% 2,68 on con-
trol group, and 24,60+1,74 on test group,

There was a statistically significant difference
between control and test group (p¢0,01),

3) 4 weeks after extraction



Hardness of the bone was 34,83% 4,88 on con-
trol group, and 62.9316,53 on test group,

There was a statistically significant difference
between control and test group (p{0.01),

4) Hardness difference between 1 week and 2
weeks by time course
The result was -1,53%+3,84 on control group, and
1.331+4.90 on test group, There was not a statistical-
ly significant difference between control and test
group (p)0.05).

5) Hardness difference between 1 week and 4
weeks by time course

The result was 21,77%7.10 on control group, and
39.671+8.36 on test group,

There was a statistically significant difference

between control and test group (p<0.05).
IV, Discussion

The ultimate objective of periodontal therapy is
complete reconstruction of previously destroyed peri-
odontal tissue, As periodontitis is characterized by
inflammation, classical nonsurgical treatment is sched-

uled to remove inflammation, while surgical treat-

ment is not only to remove inflammation , but also to
remove and regenerate the injured area additively.

Regeneration implies a complete recomposition or
rehabilitation of structure and function with vanished
or injured periodontal tissue, Therefore regeneration
of periodontal tissue includes the reformation of
cementum, periodontal ligament, and alveolar bone,
Bone formation occurrs with three methods, They
are endochondral bone formatio, sutural bone for-
mation, and intramembranous bone formation,

Endochondral bone formation is originated from
pre-existing cartilage model, and this type includes
the end of long-bone, ribs, mandibular condyle and
cranial base, The mechanism is degeneration of pri-
mary ossification center in diaphysis, absorbtion of
contiguous matrix, lacunae growth, calcium deposi-
tion, and infiltration of blood vessel via hole which
is made by osteoclasts, and there osteogenitor cells
intrude to differentiate into osteoblasts, then final
formation of bone matrix, Bone development
occurs as the result of the fusion of secondary ossifi-
cation centers in the epiphysis.

Sutural bone formation, which is very important
to development of skull and facial bone, is fibrous
joint between bone and bone. this formation plays a

role in keeping pace with developing organs as

Table 1. Knoop Hardness of Specimens between control and test groups by time course (kg/mr)

Time{wks) Groups

Control Test
T1 13.07+2.64 23.27+3.88*
T2 11.53£2.68 24.60+1.74"
T4 34831488 62.931£6,53 "
D1(T2-T1) -1,53%3.84 1.33£4.95
D2(T4-T1) 21,77£7.10 39.67£8.36

* : Significant difference between two groups (p€0.05),

* : Significant difference between two groups (p(0.01),
Each value represents mean and standard deviation.

T1, T2, T4 implies 1 week, 2 weeks, 4 weeks specimens.
D1(T2-T1) is time difference between 1 week and 2 weeks,
D2(T4T1) is time difference between 1 week and 4 weeks,
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Figure 1a, Comparative study of knoop hardness
between control and bisphosphonate
treated groups,

KHN is Knoop Hardness Number (kg/mf),

* : Significant difference between two groups (p(0.05).

= : Significant difference between two groups (p¢0.01),
T1, T2, T4 implies 1 week, 2 weeks, 4 weeks specimens.
D1(T2-T1) is time difference between 1 week and 2 weeks,
D2(T4-T1) is time difference between 1 week and 4 weeks,

eyes, brain bones, by skull and facial bone,
Intramembranous bone formation originates from
mesenchymal tissue, and this bone formation
includes maxillary and mandibular bone develop-
ments, The mechanism is that several mesenchymal
cells differentiate into osteoblasts, form osteoid, and
mineralize to bony spicules, A greater number of
bony spicules in the ossification center fuse to
spongy structure at the same time, These ossification
centers rapidly develop and fuse, then replace the
original connective tissues, Extraction socket was a
good model of intramembranous bone formation,
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Figure 1b, Hardness Differences between test and
control groups(1, 2, 4 weeks),

Extraction socket of rat is a good specimen of regen-
eration of destroyed tissue, where periodontal liga-
ments remain and vigorous granulation tissue forma-
tion take place and progress to bone formation®~%9,

Some authors reported the healing process of
extraction socket in rats 2,

After extraction, socket was filled with blood
coagulums and infiltration of fibroblasts to coagula-
tions, fibroblasts form dense connective tissue and
finally all extraction sockets were composed of
nascent trabecular bones by various bone matrix
and bone cells,



Bisphosphonates, inhibitors of bone resorption by
osteoclasts, were introduced by Fleisch et al, in
1969V, and have been used in the treatment of bone
destruction disease such as Paget's disease, osteo-
porosis, tumoral bone disease, hypercalcemia of
malignancy, osteogenesis impetfecta, and so on!0=4,

In the application of dentistry, though it is in an
early stage, bisphophonates are used for suppres-
sion of alveolar bone resorption by periodontitis, for
decrease of alveolar bone resorption after mucope-
riosteal flap surgery, for increase of bone formation
rate and bone to implant contact in the regenerative
treatment of periimplant defects, and for preventing
the movement of anchorage tooth or relapse in the
orthodontic treatment!~2Y,

The action mechanism of bisphosphonates on
bone resorption is not clearly elucidated, but many
researches were reported that bisphosphonates
inhibited the differentiation of osteoclasts!~#®,
Murakami?* 29 et al. said that they inhibited the bone
resorption by suppressing the action of the enzyme
regulating the cytoskeletal-organization in osteoclasts
(protein tyrosine phosphatase). Carano et al®,
reported that bisphophonates had a direct effect on
activity of the osteoclasts, Selander et al, 2" and
Hughes et al®®_ said that bisphophonates reduced
the life of osteoclasts by programmed cell death
(apoptosis), Luckman et al® and Beek et al 330
said that nitrogen-containing bisphosphonates (ex.
alendronate, olpadronate, residronate) inhibited the
protein geranylgeranylation, which was important to
osteoclast-mediated bone resorption, in mevalonate
pathway of osteoclasts, and induced apoptosis or
functional suppression of osteoclasts by inhibiting
post-translational prenylation of GTP-binding pro-
tein, But non-nitrogen-containing bisphosphonates
(ex. dodronate, etidronate) did not show the same
effect as nitrogen-containing bisphosphonates, So
we concluded that all bisphosphonate did not have
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the same mechanism of inhibiting the osteoclastic
activity, and they possess their own physicochemical
and biological characteristics,

In addition to the fact that the bone resorption
suppression of bisphosphonates is caused by direct
effect on osteoclasts, there is a theory that bisphos-
phonate gives an indirect effect on osteoclasts by
influencing osteoblasts,

Nishikawa et al¥. reported that bisphosphonates
had an effect on osteoblasts by inhibiting the later
stage of osteoclastogenesis, Vitte et al”), said that
bisphosphonates induced osteoclast-mediated
resorption inhibiting factors,

We investigated, in this study, the effect of bis-
phosphonates on healing of the rat's extraction
socket, and osteoclastic activity as the retardation
factors in the living beings,

We used 1mg/kg concentration of Bisphos-
phonate, Many researchers had experimented with
various concentrations of the drug and we conclud-
ed that 1mg/kg was an optimal concentration
because that concentration was not toxic to the rat,
and had negligible side effects. Thus we expected
that various concentrations of bisphosphonates also
should be necessary for broad and profound results,

We investigated the healing pattern of extraction
sockets after extraction of maxillary first molars, In
the 1 week groups after extraction, there was a simi-
lar aspect between control and test group, where
blood clots disappeared from the center of extrac-
tion socket, and fibrous connective tissue was
replaced by fibroblasts, Formation of trabecular pat-
tern at the marginal bone area was partially shown,
In the 2 week groups after extraction, extraction
socket was healed by fibrous connective tissue, and
significant decrease of inflammatory cells and pros-
perous formation of trabecular pattern at the mar-
ginal bone area were also shown in both groups,

Gingival epithelium was almost healed,



In the 4 week groups, newly formed bone was
seen in most of the extraction socket and active
osteoblasts were shown mostly in the alveolar crest
area, Osteocyte formation was also well observed,
In the 4 week groups, there was no statistical signifi-
cant difference between test and control group, It is
suggested that the reason for these results was that
the ossification had already progressed, so the influ-
ence of osteoclasts was negligible, thus the activity
of osteoclasts by bisphosphonates did not decrease,

There was no significant difference, in the histo-
logic study, between control and test groups during
the 4 week-research period. The reason, we
thought, was the difficulty of discriminating the dif-
ferences in healing pattemns in a short period with a
small sample number, The healing potency of the
rat was more excellent than other animals and
human beings, and there might be individual varia-
tions in the control and test groups,

We thought, to solve this problem, longer term
follow up test including many samples and more
sufficient time with various histometric systems
would be necessary,

In the TRAP findings, there was a similar aspect
on the overall groups. But in the 2 week group, test
group showed more reduced osteoclastic activity
than control group. This phenomenum, we thought,
was related to the fact that the influence of the bis-
phosphonates on osteoclasts was mainly expressed
in 2 weeks,

On the other hand, there was a statistically signifi-
cant result in measurement of hardness, We thought
that histologic finding was a study confined to specif-
ic area and specific surface, while hardness sudy was
related to overall healed extraction socket, and was a
more broad area to estimate, so we could obtain
more credible and satisfactory results, It was interest-
ing to observe the change by time courses, there was
no significant difference between control and test

719

groups in the 1 week and 2 weeks, but it was shown
that there was significant difference between control
and test groups in 1 week and 4 weeks, This result
was, we thought, caused by the fact that the imma-
ture state of extraction sockets at 2 weeks, tumed to
ossification massively at 4 weeks, These findings are
similar to those in the humerus of the rat with
Motoie3?, But, in the 2 week groups, there was slight
decrease of hardness, this is difficult to understand, so
we considered that the sample size was too small and
there might be individual variations,

We did not mention, in this study, the side effects
of systemic application of bisphosphonates, Some
authors® however, wamned that there could be very
harmful effects, if bisphosphonates were applied
massively over a short term, especially in tooth struc-
ture, renal function, eyes, lung, liver, and etc,
Therefore, it is dispensable to use optimal concentra-
tion of specimen, and to evolve a new method for
the drug to locally apply at a specific area,

In conclusion, Bisphosphonates, were effective in
promoting the healing process of rat's extraction
socket, and increasing the hardness of cortical bone,
It is necessary for us to research the effect of bis-
phosphonates in vivo and in vitro with sufficient
samples and time, and also to investigate profound-
ly the side-effects of the systemic application of bis-
phosphonates,

We expect the precise mechanism of Bisphos-
phonates should be elucidated and new drug deliv-
ery methods, which would be optimal to human
beings and confined to specific areas, should be
developed for the future,

V. Summary
The objective of this study was to evaluate the

effect of bisphosphonates on the healing aspect of
extraction sockets, Fighteen Sprague-Dawley rats



were used for this study, and fAminoproprionitrile
(APN) 0.28g/kg - day soluted in mineral water was
administrated for 5 days to extract easily and mini-
mize injury,

To prevent infection, Ampicillin 1,5mg/kg was
administrated after extraction in control and test
groups, Bisphosphonate 1mg/kg was injected in the
test groups and vehicle (0, 9%saline) was injected in
the control groups three times a week for 2 weeks
subcutaneously, Three rats on each day were sacri-
ficed at 1, 2, 4 weeks after extraction,

Histologic findings, and osteoclastic activity by tar-
trate resistant acid phosphotase (TRAP), and knoop
hardness were observed,

The results were as follows :

1. The overall histologic healing pattern was simi-

lar with both the test and control group,

2. The activity of osteoclasts was similar with both
test and control groups in 1, 4 weeks, but test
group showed more reduced osteoclastic activ-
ity compared to control in 2 weeks group,

3. In the hardness test, there was significant differ-
ence in test groups than control groups in 1, 2,
4 weeks. Although, in the comparison of test
and control groups, there was no significant
difference between 1 week and 2 weeks
groups, there was significant difference
between 1 week and 4 weeks groups,

In conclusion, Bisphosphonate had an influence
on the healing process of rat's extraction sockets, the
activity of osteoclasts, and promoted the hardness of
healed rat's extraciton sockets,
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Histologic findings (1 week after extraction)

There was a similar healing aspect between test and control groups, Blood clots disappeared
from the center of extraction socket, and fibrous connective tissues were replaced by fibroblasts,
Formation of trabecular pattern in the marginal bone area was partially shown (H&E, X 100),
Histologic findings (2 weeks after extraction)

Extraction socket was healed by fibrous connective tissue, and significant decrease of inflam-
matory cells and active formation of trabecular pattern in the marginal bone area were shown,
and gingival epithelium was almost healed (H&E, X 100).

Histologic findings (4 weeks after extraction)

New bone formation was shown in most of the extraction sockets, Active osteoblasts were
shown mostly in the alverolar crest area, Epithelium was well keratinized above the extraction
socket, Osteocyte formation was also well shown (H&E, x 100).

Histologic findings (1week after extraction)

There was a similar osteoclastic activity aspect between control and test groups (TRAP, x 100).
Histologic findings (2weeks after extraciton)

In 2 weeks group, test group had reduced osteoclastic activity than control group (TRAP, x 100),
Histologic findings (4weeks after extraction)

There was a similar osteoclastic activity aspect between control and test groups (TRAP, X 100),
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