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Abstract: A natural polysaccharide, chitosan (poly-N-
acetyl glucosaminoglycan), which is a nontoxic and bioab-
sorbable polymer, has been shown to have hemostatic and
antibacterial effects. An amino acid, taurine, is considered to
be beneficial for regulating the inflammation process. The
purpose of this study was to investigate the synergistic ef-
fects of taurine and chitosan in the experimental defects at
the vestibular bone of maxillary canine teeth in six dogs.
Chitosan films were prepared as delivery system with or
without taurine and placed in the randomly chosen defects.
Biopsies were performed on the postoperative seventh day
and routine histological procedures were performed for
light and electron microscopic evaluations. For each group,
30 different microscopic areas were examined and the num-
bers of macrophages and neutrophils in these areas were

counted. The mean numbers of both macrophages and neu-
trophils were found statistically different between the chi-
tosan film incorporated with taurine and free chitosan
groups (p < 0.0001 p > 0.05). In addition to the increase in cell
counts in both groups, the cytological alterations were more
obvious in the chitosan film group incorporated with tau-
rine. Accordingly, taurine appears to enhance the accelera-
tion effect of chitosan on wound healing at early periods.
This effect could be considered beneficial in tissue repair in
destructive diseases like periodontitis. © 2000 John Wiley &
Sons, Inc. J Biomed Mater Res, 51, 500–503, 2000.

Key words: animal; chitosan; periodontium; taurine; wound
healing

INTRODUCTION

Wound healing is a complex process involving dif-
ferent biologic and immunologic mechanisms. In vivo
and in vitro studies have clearly demonstrated that the
presence of both macrophages and neutrophils at the
wound site is essential for the normal healing process
to occur.1

Chitosan is a nonacetylated or partially deacety-
lated chitin, that is distributed widely in nature as
skeletal material of crustaceans and has been pro-
posed as a biomaterial because of its biocompatibility.
Bioadhesive properties of chitosan make the material a
good choice in oral mucosal drug delivery systems.2–4

The accelerating effects of chitosan on wound healing

have been well documented.5,6 Chitin membrane as a
wound dressing used in the treatment of denuded
palatal sites in monkeys has been reported to promote
collagen production.7 Chitosan has been applied to
periodontal wounds and reported to enhance tissue
organization.8 Besides this, chitosan has been found to
have an in vivo stimulatory effect on macrophage mi-
gration and nitric oxide production.9,10

Taurine, which is one of the most abundant amino
acids in the body, is known to protect tissues against
the deleterious effect of a variety of oxidants.11–14 Tau-
rine with its antioxidant activities is considered to
have importance in regulating the inflammation pro-
cess.

Although several studies have suggested that chito-
san affects cellular migration and tissue organization
during the wound healing and that it may enhance
bone formation at the cellular level,15 no previous
studies have attempted to evaluate the utility of chi-
tosan in combination with an antioxidant agent in
wound healing.

It seemed reasonable to assume that taurine and
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chitosan, when used together might have a beneficial
effect on wound healing. The purpose of the present
study was to investigate this possible effect in an ex-
perimental wound model in which oral epithelium
was prevented from interfering in the healing process.

MATERIALS AND METHODS

Six systemically and periodontally healthy female beagle
dogs were selected for the study. The dogs were never used
for any other experimental purposes. The ethical guidelines
of the University of Gazi for the care and use of laboratory
animals have been followed. Maxillary canine teeth were
selected for experimental procedures in each dog. After
anesthetizing them with intramuscular ketamin hydrochlo-
rure (10 mg/kg) and xylazin (0.1 mL/kg), facial mucoperi-
osteal flaps were elevated and periodontal fenestration de-
fects were surgically prepared at the vestibular surfaces of
each teeth. The bony defects were produced by means of a
steel #700 fissure bur on a low-speed handpiece under saline
irrigation.

The size of the defects was 5 × 5 × 2 mm and located at 10
mm above the cemento–enamel junction [Fig. 1(a)]. Chitosan
Chitosan-Ht (Lot 337) (Dainishiseika Colour and Chemicals
MGF Co. Ltd., Japan) and taurine (Sigma Chemical Co. Ltd.,
St. Louis, MO) were used in the treatment of the defects.

Chitosan films with a thickness of 600 mm were prepared
by solvent casting method.16 Glycerine was used as a plas-
tisizer at 10% and tripolyphosphate pentasodium salt as
crosslinking agent at 0.1% concentration. Taurine was incor-
porated into the films at 5% concentration.

Chitosan film incorporated with taurine (CT) was placed
in one of the randomly chosen quadrants and free chitosan
film (C) on the other site which served as control [Fig. 1(b)].

The materials were retained in position without sutures or
screws because chitosan film adheres to the root surfaces
and bone. The flaps sutured with 3-0 braided silk, inter-
rupted sutures. No special nutrition program was instituted.
Infection control included an intramuscular broad-spectrum

antibiotic (procaine penicillin G) daily for 5 days and 2%
chlorhexidine digluconate irrigation was instituted until bi-
opsies were performed on the postoperative seventh day.

Routine laboratory procedures were performed for the
light and transmission electron microscopic evaluation. The
specimens were fixed in 2.5% gluteraldehyde for 24 h,
washed in phosphate buffer (pH: 7.4), post-fixed in 1% os-
mium tetroxide in phosphate buffer (pH: 7.4) and dehy-
drated in increasing concentrations of alcohol. Then, the tis-
sue was washed with propylene oxide and embedded in
epoxy-resin embedding media. Semi-thin sections approxi-
mately 2 mm in thickness and ultrathin sections approxi-
mately 60 nm in thickness were cut with a glass knife on an
LKB-Nova ultramicrotome. Semi-thin sections were stained
with methylene blue and examined in light microscope (Ni-
kon Optiphot, Japan). Ultrathin sections were collected on
copper grids, stained with uranyl acetate and lead acetate
and examined in a transmission electron microscope (Jeol
JEM 1200 EX, Japan).

For each group, 30 different microscopic areas were ex-
amined and the quantitative assessments of macrophages
and neutrophils were done using a magnification of 400×.

RESULTS

The mean numbers of macrophages and neutrophils
in the C group were 11.2 ± 1.91 and 5.3 ± 1.09, respec-
tively. These values in the CT group were 24.3 ± 2.82

TABLE I
The Mean ± Standard Deviation of Macrophage and

Neutrophil Numbers in Chitosan and Chitosan +
Taurine Treated Groups

Groups Macrophage Neutrophil

Chitosan 11.2 ± 1.9 5.3 ± 1.1
Chitosan + taurine 24.3 ± 2.8* 6.1 ± 1.2**

*p < 0.0001.
**p < 0.05.

Figure 1. Fenestration-type defects produced at the vestibular surfaces of the maxillary canines (a). The bony defects treated
with chitosan film enriched with taurine (b).
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and 6.1 ± 1.21, respectively (Table I). The mean num-
bers of both macrophages and neutrophils were found
statistically different between CT and C groups as ana-
lyzed by Mann-Whitney U test. In addition to an in-
crease in cell counts in both groups, the cytological
alterations were more obvious in the CT group com-
pared with the C group [Fig. 2(a) and (b)]. The cellular
activity of macrophages, i.e., the activity of mitochon-
dria and lysosomes were increased. Active mitochon-
dria were detectable especially near the nucleus of fi-
broblasts and exhibited a remarkable variability in
size and shape. The elongated stromal cells were
structurally identified as fibroblasts. The fibro-
blasts produced extracellular matrix. Foreign body gi-
ant cells were observed in the CT group [Fig. 3(a)
and (b)].

DISCUSSION

Recent data clearly show that regeneration of the
previously destroyed periodontal attachment tissues
is biologically possible.17,18 Regenerative periodontal
therapy involves modifications intended to alter vari-
ables in the normal wound healing response to shift
the outcome from repair to regeneration.

The availability of biodegradable and nontoxic ma-
terials capable of activating macrophages and neutro-
phils to prevent infection and to accelerate the healing
of the wound is desired as the presence of both cells at
the wound site is essential for the normal healing pro-
cess to occur.

In this study, the mean numbers of both macro-
phages and neutrophils were found to be higher in the

Figure 2. Fibroblast with metabolically active mitochondria (arrows) in the C group (a) and in the CT group (b). n, nucleus;
note the increase in extracellular matrix (*) around the fibroblast.

Figure 3. Neutrophils (arrowheads) and macrophages (arrows) in the C group (a) and in the CT group (b). Note the
phagocytosed material (*) in the foreign body giant cell (double arrows) in the CT group.
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CT group than in the C group. These cells with fea-
tures of a high metabolic activity were detectable.

Qualitative assessment alone was not sufficient to
demonstrate clearly structural changes after treatment
with chitosan and taurine, whereas quantitative as-
sessment confirmed by statistical tests gave clear evi-
dence of accelerating wound healing properties of
these agents. Our results are in accordance with pre-
vious reports which showed the acceleration effect of
chitin on the first days of wound healing and chemo-
tactic properties of chitosan for polymorphonuclear
cells.19,20

Chitosan also seems to stimulate fibroblasts. The
well-defined directional organization of collagen fi-
bers in reconstructed connective tissue reported in the
presence of chitosan has been suggested to be the con-
sequence of stimulatory effects of chitosan on fibro-
blasts.21 In the present study, cellular activity was ob-
served both in the mitochondria of fibroblasts and
macrophages. It is thought that these ultrastructural
alterations are signs of the disturbed balance between
generated oxidants and antioxidant defense mecha-
nisms and these findings were in accordance with a
previous report.22

Chitosan is capable not only of activating macro-
phages and promoting collagen deposition, but also of
stimulating secretion of enzymes, interleukins, tumor
necrosis factor, nitric oxide, and peroxide by activated
macrophages.10 It has been reported that chitosan rec-
ognize a binding site on monocytes which involves
CD14, a receptor of lipopolysaccharide. The immuno-
stimulating activity of chitosan on macrophages has
been suggested to be the result of the presence of this
receptor.23 The cell stimulation and proliferation
caused by chitosan incorporated with taurine, quickly
producing a physiological organization of the struc-
ture, might be partly explained by the inhibition of
nitric oxide production of macrophages by taurine.

Accordingly, it can be concluded that taurine might
enhance the acceleration effect of chitosan on wound
healing at early periods. This effect can be considered
beneficial in tissue repair in destructive diseases like
periodontitis.
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