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Hyaluronan Enhances Cranial Bone Healing in Rats

MURAI NORIYOSHI, KIMURA YOUKO, YASUDA TADASHI, KITAGO MITSUNOBU,
SHIRAKI MASAHUMI and SHIBUTANI TOSHIAKI

Hyaluronan/7 HA7is one of the major glycosaminoglycans in bone and connective tissue, and enhances wound
healing. The purpose of this study was to evaluate the usefulness of HA in the healing of cranial bone defect inrats. A
hole777 mm in diameter [7/was drilled in the cranial bone of male Wistar rats. HA solution or phosphate-buffered
saline was then applied to the bone defect. Bone sections were stained histochemically and immunohistochemically.
The newly formed bone area was quantified microscopically. On day /77, the mean area of newly formed bone in the
HA group was significantly larger than in the control group. The defect closuré/ [7 [Jwas significantly higher on days
[T7 and 17 in the HA group than in the control group. Stronger staining for alkaline phosphatase was noted in the
area adjacent to the defective bone in the HA group than in the control group on days/7 and [I7. On day [1J, strong
immunoreactivity for type{7 collagen was identified in the defect of the HA group compared to the control group. Our
results suggest that HA enhances the cranial bone healing process in rats, suggesting it could be useful for alveolar

bone regeneration.
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INTRODUCTION

Hyaluronaril HAOis a natural tissue component known to
play an important role in the function of extracellular matrices,
such as that of the periodontium™”. We have reported that HA is
localized in gingival connective tissue and oral epithelium by
immunohistochemistry using a specific binding protein; HA
binding protein™. In this regard, the localization of HA changes
during inflammation, as demonstrated in experimentally induced
periodontitis in dogs™. HA also plays a regulatory role in the
processes of inflammation and wound healing”™”. The application
of exogenous HA and HA-based biomaterials has been success-
ful in manipulating and accelerating the wound healing process
in a number of medical disciplines, including ophthalmology,
dermatology and rheumatology™".

Periodontal tissue is constructed of epithelium, connective tis-
sue, and bone. One focus of treatment of the periodontal defect
is the regeneration of bone and new attachment of the periodon-
tal ligament and soft tissue. The purpose of this study was to test
the effects of HA on the healing of cranial bone defects in rats.

MATERIALS AND METHODS

Experiments were conducted in[1] male Wistar rat§10] weeks
oldO The rats were anesthetized with NembutalD Abbott Labo-
ratories, Chicago, ILC] The scalp was cut in the center to expose
the cranial bone. The latter was drilled with a dental round burr
OO0 mm in diameter(] taking utmost care in avoiding injury to
the dura matter and brain tissue”. Then, OMmIOONO in
phosphate-buffered salind] PBS[] pHOMOof HA solution
O Seikagakukogyo, Tokyo, JapanCorO@ml of PBS in control
rats, was added to the bone defect. The skin was subsequently
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sutured with a surgical stapler and the rats were allowed to re-
cover. Two or[J weeks after surgery, the rats were sacrificed
with deep anesthesia, and the heads were removed immediately
and fixed with(IJO of paraformaldehyde containing PBS for(1J
h. The experimental sites were carefully dissected out and re-
moved. The tissues were decalcified withOJO ethylenedia-
minetetraacetic acidd EDTAOsolution ford weeks at room tem-
perature. The tissues were embedded in paraffin and cut serially.
The sections were stained with hematoxylin and eosiri] H&E
The prepared slides were analyzed histomorphometrically using
a Video Micro Metef] VM£T1; Olympus, Tokyo[lto measure the
newly formed bone area, the distance between the defective mar-
gins, and the distance between new bone growth points. The de-
fect closure! O Orepresented the distance between the edges of
newly formed bone divided by the distance between the defec-
tive margins X(IT.

Other sections were stained for alkaline phosphatase activity
with NTB/BCIRJ Boehringer Mannheim, Mannheim, Germany(J
after treatment with(TJ nM MgCL containingCII nM Tris buffer
O pHOMOfor h. In addition, sections were stained immuno-
histochemically using anti-type O collagen polyclonal antibody
O LSL, Tokyol and biotin conjugated hyaluronan-binding pro-
teir] Seikagakukogyo, Tokyo[l

The histomorphometric data were expressed as the mean +
SD. Differences between HA and control groups were tested for
statistical significance by the Mann Whitney u-test. P value[
O was significant.

All experiments were approved by the Animal Care Commit-
tee of School of Dentistry, Asahi University.
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RESULTS

Histological changes

Histological examination on day[] showed numerous inflam-
matory cells and erythrocytes at the experimental site in the con-
trol group; however, fewer inflammatory cells and increased
numbers of fibroblasts were seen at the site in the HA group. On
day[T1, new bone formation adjacent to the edge of the original
bone was noted in the HA group, and osteoblasts lined the sur-
face of the newly formed bondJ Fig.O b In the control group,
minimal bone formation was seen and only in limited areag? Fig.
Oall On day[T], the experimentally created bone defect was al-
most filled with newly formed bone from both sides of the origi-
nal bone in the HA groud] Fig.O0 b however, new bone forma-
tion was incomplete in the control groug? Fig.Ol all

Changesin ALP activity

On day(, strong staining for ALP was noted on the surface of
newly formed bone in the HA group; however, such activity was
relatively less pronounced in the control group. On day[T], ALP
activity was stronger in the HA group than in the control group.
On day(T], ALP activity was weaker in this area in the HA
group but not in the control group.

Histomorphometric changes

The gap between the margins of the created defect in the HA
group and control group was similar on daystd, (1], and[(1IJ Fig.
00O All sections showed dissection at the center of the defect
ared] Fig. 00,00 The newly formed bone area was quantified
under a microscope. On day[1], the area of newly formed bone
in the HA groufd M+ OMx [T m’Owas significantly larger

| Day 14
_ Control 500/

than in the control groug]OM+ O (I nO0O each,
pO0OMO0O TableOO The defect closurd] O Con day[1] in the
HA groug][MID+ OO Owas significantly higher than in the
control groug ][0+ OO O Similar findings were noted on
day(IJ HA: DM+ [(OINO , Control: (III+ OO, nOO each,
pOOmia

Stronger staining for ALP was noted in the area adjacent to
the defective bone in the HA group than in the control group on
daysC and(TJ. Furthermore, on day[T], stronger immunoreac-
tivity for typefd collagen was identified in the defect area in the
HA group compared with the control group.

Tabled Histomorphometric changes

Distance between Area of new bone Area of the defect
original bone edges closure (%)
Day 7
HA 1.53+0.07mm
Control 1.53+0.04mm
SD NS
Day 14
HA 1.51£0.04mm 9.98+1.99 X 1044 m2 53.3 +6,7%
Control 1.51£0.03mm 4.79+1.88 X104 £ m2 247 £ 3.2%
SD NS p<0.05 p <0.01
Day 21
HA 1.57+0.07mm 2.69%+0.63 X 105 4 m2 72.2+11.2%
Control 1.563+0.06mm 1.56+0.23 X 105 4 m2 30.7+4.1%
SD NS p <0.01 p <0.01

Histomorphometric changes between groups

n=5, SD: significant difference, NS: not significant
The diameter of the cranial bone defect between groups was not sig-
nificant. Area of new bone in the HA-treated group was higher than in
the control group. The defect closurel O Oin the HA-treated group
was higher than in the control group.
Meanz SD POOMM pOOMO: significant differencel SDOHA vs con-
trdl nOO0O

Fig a. Newly formed bone in control(T] days after surgery. Arrow
indicates new bone formation.

Fig b. Newly formed bone in HA-treated bone defect(T] days after
surgery. The area of new bone was higher than in the con-
trol. Arrows indicates new bone formation.

Fig a. Cranial bone in control(1] days after surgery. The defect has
not recovered yet. Arrow indicates new bone.

Figl b. Cranial bone in HA-treated bone defect(T] days after sur-
gery. The bone defect has been filled with new bone. Arrow
indicates new bone formation.



DISCUSSION

Hyaluronic acidl HAOis the most abundant high molecular
weight glycosaminoglycan in the extracellular matrix of soft
periodontal tissues’™™. This molecule is also important in rela-
tion to the mechanisms associated with inflammation and wound
healing. The application of exogenous HA and HA-based bioma-
terial has been successful in manipulating and accelerating the
wound healing process in a number of medical disciplines, in-
cluding ophthalmology, dermatology and rheumatology™".

In this study, we employed the calvarial bone defect model to
test the effects of HA on bone formation because the bone heal-
ing process of this bone defect model is probably simple and nu-
merous studies have used the model to investigate the bone heal-
ing process™.

The results of histological examination suggest that HA en-
hances the cranial bone healing process. HA decreased the in-
flammatory reaction and enhanced fibroblast proliferation and
osteoclastic activity following bone formation™". These results
suggest that HA enhances a rapid response to injury turnover
and modulates bone regeneration. Our results also showed in-
creased ALP activity at the experimental site, indicating in-
creased osteoblastic activity and associated bone formation ac-
tivity.

The distance between the margins of the created defect was al-
most equal in all sections. The selected defect size of I mm
was based on preliminary studies, which showed complete clo-
sure of the created defect by day[(1T]. The present study was not
designed to investigate the role of HA on unexpected bone for-
mation, but the speed of bone formation in a limited area, com-
pared with the control. The results showed that bone formation
activity on daysO and(1] in the HA-treated group was higher
than in the control group, although the control group had achieved
almost complete closure of the bone defect by day(11.

HA plays a role in embryogenesis, wound repair, and regen-
eration. The initial healing events include bleeding and clotting
followed by secretion of collagenase and HA. The immediate
presence of collagenase and HA influences cell-to-cell contact so
that cells may not readily adhere to matrix components, such as
collagen, but rather proliferate, increase in density, and migrate.
In addition, HA may prevent or delay lymphocytes, macrophages,
and neutrophils from entering the wound healing sites, thus pro-
viding protection against proteolytic digestion by inflammatory
cells. High molecular weight HA may enhance cell migration
while low molecular weight HA may enhance mitosis. HA frag-
ments also sometimes exhibit angiogenic activities. HA may
prevent wound dehydration due to its structural ability to seques-
ter water. HA degrades in the absence of inflammatory reac-
tions. Furthermore, HA has been shown to have bacteriostatic activity,
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and HA biomaterials have been shown to be functional carriers
of other biologics and cells™ ",

Based on the present results, it is conceivable that hyaluronan
administration to periodontal bone defect could achieve compa-
rable beneficial effects in periodontal healing and surgery, hence
aiding the treatment of periodontal disease™".

In conclusion, the present study suggested that HA enhances
cranial bone healing process in rats, suggesting that HA could be
useful for alveolar bone regeneration.
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