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Abstract

To date, chitosan-based hemostatic agents have gained increasing interest from their biocompatibility, inexpensive-
ness and hemostatic capability, especially in coagulopathic conditions. We have developed a functionally improved
Calcium Alginate/N, O-carboxymethylchitosan (CA/NOCC) hemostatic sponge, shown to be biocompatible and
biodegradable.

Objectives: To ensure its safe use with the gingival tissue, this study aimed to evaluate the cytotoxicity of CA/
NOCC sponge on primary human gingival fibroblasts (GFs).

Methods: Human GFs were cultured with or without the CA/NOCC sponge. Cell morphology was assessed by
scanning electron microscopy. Cell viability and proliferation were determined by MTT assays. The levels of Ca>*
released into the culture medium were also measured.

Results: Gingival fibroblasts cultured with the CA/NOCC sponge demonstrated lowered cell density, and signif-
icant ultrastructural changes of the cell membrane, by forming numerous blebs and fibrils. From MTT assays,
approximately 30% decrease in the proliferation rate was observed. Moreover, the levels of Ca®", up to 4.6 mM,
were detected in the medium of GFs cultured with the CA/NOCC sponge.

Conclusions: It could be implicated that the cytopathic effects on the morphology and proliferative ability of GFs
may result from the high level of Ca®* released from the CA/NOCC hemostatic sponge.
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Introduction

Uncontrolled bleeding is potentially one of the most
life-threatening complications in oral surgical procedures,
especially for patients with coagulopathic conditions.
Reductions in the morbidity and mortality rates, from
excessive hemorrhaging, were most likely due to the
development and utilization of numerous types of hemo-

static agents. However, studies are still ongoing in search

for a novel hemostatic material with overall characteristics
of biocompatibility, biodegradability, non-immunoge-
nicity, affordability, ease of use, and efficacy in bleeding
control in both normal and coagulopathic conditions.("
To date, Gelfoam® and Surgicel® are still widely used for
intraoral bleeding control due to their biocompatibilities,
accessibilities, ease of usage and storage.("”) Nonethe-

less, their hemostatic efficiencies, when used in patients
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with coagulation problems, were shown to be somewhat
limited.”) In addition, some negative effects were asso-
ciated with these two hemostatic agents, in that, the acidic
properties of Surgicel® may cause inflammation, tissue
necrosis, neurological complications and may interfere
with bone regeneration. On the other hand, the volumetric
swelling property of Gelfoam® may result in excessive
compression of vital adjacent structures.?*) To overcome
these limitations, novel hemostatic materials are actively
being developed and tested.

Chitosan (CS) is a natural polymer, derived from
N-deacetylation of chitin which is abundantly present in
the shells of shrimps and crabs. It has been increasingly
accepted as an exceptional biomaterial that is biocom-
patible and biodegradable with capabilities in microbial
control, wound healing support and hemostasis.*> To
date, a number of CS-based hemostatic agents have
been approved by the Food and Drug Administration
of the United States (FDA) and are commercially avail-
able, including HemCon® Dental Dressing (HemCon
Medical Technologies Inc., Portland, OR, USA), Celox®
(MedTrade Products Ltd., Cheschire, UK), and Axiostat®
(Axio Biosolutions Private Ltd., Gujarat, India). Most
importantly, the effectiveness of CS in bleeding control was
shown to be independent of the coagulation pathway.® Its
hemostatic efficacy in coagulopathic conditions has been
tested and verified in a number of in vivo,® and clinical
studies.®- 1D Nevertheless, CS is less soluble in water or
at neutral pH range, which is potentially the limiting pro-
perty in developing CS-based materials to support broader
biomedical uses. Therefore, water-soluble CS derivatives,
with enhanced material characteristics and hemostatic
efficiencies, have been prepared and tested.(!>"14)

Previously, we have prepared N, O-carboxymethyl-
chitosan (NOCC), which is a water-soluble derivative of
CS, through the carboxymethylation reaction of chitosan.
The negatively-charged material is biocompatible, hydro-
philic and shown to promote platelets activation/aggre-
gation, in vitro blood coagulation and superior bleeding
control over chitosan.!*) With its improved properties,
NOCC has been used to develop biomaterials to sup-
port wider clinical applications.!'>!31®) The Calcium
Alginate/N, O-carboxymethylchitosan (CA/NOCC)
hemostatic sponge has been previously developed in our
1ab.'7-1®) Through in vitro, in vivo and clinical investi-

gations, CA/NOCC was shown to be biocompatible and
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degradable,'7') with higher hemostatic capabilities over

SPONGOSTAN®.(18:20) Most recently, we have demon-
strated that the CA/NOCC sponge is not cytotoxic to pri-
mary human alveolar osteoblasts (hAOBs), and that their
morphology and osteoblastic phenotype were minimally
altered,®!) suggesting that the material could potentially
be used for bleeding control in tooth extraction sockets.
To further determine if the CA/NOCC sponge could
be safely used in the gingival tissue area, we, therefore,
aimed to investigate the biocompatibility of the CA/
NOCC sponge to human gingival fibroblasts (GFs). The
morphological response of the cells was evaluated by
scanning electron microscopy. Cell viability and prolifer-
ation rate were determined by MTT assays. In addition,
the level of Ca®* released from the CA/NOCC sponge was

measured.

Materials and Methods

Preparation of the CA/NOCC sponge

The synthesized N, O-carboxymethylchitosan (NOCC)
in our lab, based on the previously reported method,!¥)
was utilized to develop the Calcium Alginate/N, O-car-
boxymethylchitosan (CA/NOCC) sponge through the
Na'-Ca®" exchange process between sodium alginate
(SA; FMC Biopolymer, Philadelphia, USA) and calcium
chloride solution (CaClZ; Fluka, Missouri, USA).(”’ls)
In brief, 0.5 g NOCC and 2.0 g SA were dissolved in
100 ml deionized water, resulting in the 2.5% (wt./vol)
highly viscous aqueous solution, which was poured into
molds and lyophilized to form 1 mm-thick sponge-like
pads. Next, the water-soluble SA/NOCC sponges were
immersed into the 10%wt. aqueous CaCl, solution, with
gentle stirring, for 1 h. to produce the water-insoluble
CA/NOCC pads which were then washed with deionized
water, freeze-dried, cut into circular pieces (6 and 10 mm
in diameters), and sterilized by ethylene oxide gas prior

to use.

Primary cell isolations and cell culture

The study protocol received approval from the Ethics
Committee of the Faculty of Dentistry and Srinakharin-
wirot University, Bangkok, Thailand (DENTSWU-
EC03/2561 and SWUEC/X-154/2562).

Gingival fibroblasts (GFs) were extracted from the

non-inflamed, excess gingival tissue surgically removed
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along with the non-carious impacted tooth. The gingival
tissue was washed twice in PBS, cut into small pieces and
placed in 35x10 mm cell culture dishes (Nunc) with min-
imal amount of culture medium, i.e. Dulbecco Modified
Eagle’s Medium (DMEM) high glucose (GE Healthcare,
Salt Lake City, UT, USA) supplemented with 10% FBS
(Invitrogen), 2 mM L-glutamine (Invitrogen), 100 U/
ml of penicillin, 100 ug/ml of streptomycin, and 5 ug/
ml of amphotericin B (Invitrogen). The culture dishes
were placed in a 37°C humidified incubator with 5% CO,
atmosphere. The culture medium was changed twice a
week, and GFs outgrowth from the tissue was constantly
monitored. Upon confluency, the cells were subcultured
into 100x21 mm cell culture dishes (Nunc) and designated
as cell passage number 1. For this study, GFs of passage

number 3-8 were used.

Cell morphology

The morphological response and attachment of
human GFs to the CA/NOCC sponge were evaluated by
scanning electron microscopy, as previously reported.!
Briefly, the trypsinized GFs were plated, at the density of
6x10% cells/well in 1 ml of culture medium, onto the cover
glasses with or without the CA/NOCC sponge (size 10
mm in diameter), in the 24-well cell culture plate (Nunc).
The culture plate was placed in the 37°C incubator with
5% CO, atmosphere for 72 h. Following a rinse with
PBS, the cells with or without the CA/NOCC sponge,
were fixed with 2.5% glutaraldehyde in deionized distilled
water for 4 h., washed with PBS, subjected to gradient
ethanol dehydration (25%-50%-70%-100%), and fixed
with hexamethyldisilazane (HDMS) for 15 min at RT.
After the samples were dried at RT, the morphology of
GFs on the cover glass and associated with surface of the
CA/NOCC sponge was evaluated with a scanning electron
microscope (JSM-6510LV, JEOL Ltd., Tokyo, Japan).

Cell proliferation assays

Human primary GFs were trypsinized and seeded, at
the density of 2x10* cells/ml of culture medium, directly
into the wells (control group), or onto the CA/NOCC
sponge (size 6 mm in diameter) placed in the wells (ex-
perimental group) of a 24-well cell culture plate (Nunc).
The culture plate was placed in the 37°C incubator with
5% CO, for 24 h. to allow cell attachment. The viability
levels of GFs on days 1, 3 and 6 were assessed by MTT
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(3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium
bromide) assays, as reported previously.?") Briefly, after
the removal of culture medium, 550 ul of the solution
mixture between the 5 mg/ml MTT/PBS and serum-free
culture medium was added to each well, and the plate was
incubated at 37°C with 5% CO2 for 2 h. Next, the solu-
tion in each well was carefully aspirated, and the formed
formazan crystals were completely dissolved by adding 500
ul of dimethyl sulfoxide (DMSO; Vivantis Technologies,
Selangor Darul Ehsan, Malaysia) and keeping the plate
in rocking motion at RT for 30 min. The solution was
aliquoted, in triplicates, to a 96-well plate, from which the
absorbance at the wavelength of 550 nm was measured
with a microplate reader (Asys UVM340; Biochrom,
Cambridge, UK).

Ca’* concentration measurement

The culture medium was collected from the cell
proliferation and cell morphology assays, described
above, where GFs were cultured with or without the CA/
NOCC sponge. Additionally, the culture medium incubat-
ed with only the CA/NOCC sponge, in the same condition
and time points, was also collected. The level of Ca®*
release into the culture medium was determined with the
Quantichrom Calcium Assay Kit (BioAssay Systems,
Hayward, USA) according to the recommended proto-
col. Five microliters of each sample were aliquoted into
the wells of a 96-well plate, following by the addition of
200 ul of reaction mixture. The plate was tapped lightly
to mix, incubated at room temperature for 3 min, and
subjected to a microplate reader (Asys UVM340; Bio-
chrom, Cambridge, UK), where the absorbance at the
wavelength of 612 nm was measured. The levels of Ca®*
in the culture medium were calculated from the standard

curve generated.

Statistical analysis

Statistical analyses were performed using GraphPad
Prism version 9.0.1 for Windows, (GraphPad Software,
San Diego, California USA, www.graphpad.com). Nor-
mality of the data was evaluated with the Shapiro-Wilk
Test. Statistical differences among the groups were
determined by Student’s t-test, for the cell proliferation
data, while One-way ANOVA followed by Tukey’s multiple
comparison test was used for Ca®" levels analysis. The
difference at p value of less than 0.05 was considered

statistically significant.
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Results

Cell morphology

The control GFs, attached to the cover glass,
exhibited flat and fusiform cell morphology with rela-
tively smooth cell surface (Figure 1A-B). However, when
seeded onto the CA/NOCC material, most of the cells
adhered to the cover glass rather than on the surface of
the porous CA/NOCC sponge. In addition, there was a
significant reduction in cell density, among which, higher
numbers of GFs exhibited rough surfaces from the forma-
tion of cellular projections and small blebs, when cultured
with the CA/NOCC sponge (Figure 1C-D).

On the porous surface of the CA/NOCC sponge,
minimal numbers of round or ovoid-shaped cells were
observed. They adhered to the surface of the material by
forming short filopodia (red arrows in Figure 2). The GFs
associated with the CA/NOCC sponge mainly exhibited
rough cell membrane, containing numerous fibrils and
moderate numbers of blebs formation (yellow arrowheads

in Figure 2).

GFs

SEl, 15kV WD2Imm = §§35 50pm

GFs+
CA/NOCC

SEl  15kV
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Cell proliferation

The proliferative capabilities of GFs, cultured in
direct contact with the CA/NOCC sponge, were assessed
by performing MTT assays on days 1, 3 and 6. The growth
pattern and proliferation rate of the cells, relatively to the
control, were depicted in the line graphs and bar charts,
respectively (Figure 3). When cultured with the CA/
NOCC sponge, the viability levels of GFs, at days 3 and
6, were lower than those of the control cells (Figure 3A).
In addition, proliferation rates of the cells, determined
by slope analyses of the viability levels from day 1-6,
from five independent experiments, were demonstrated
in the bar chart (Figure 3B). The proliferation rate of GFs
cultured with the CA/NOCC sponge was about 70%,
which was significantly lower than that of the control
(p<0.0001).

Calcium ion levels
The amounts of Ca®' released into the culture
medium collected at days 1, 3 and 6 of the cell prolifer-

ation assays were demonstrated in Figure 4. In the GFs

x3,000 S5pm

SElI  15kV WD15mm  SS35

Figure 1: Morphology of human primary gingival fibroblasts (GFs) cultured for 72 h on cover glass (control group) or cover glass with
CA/NOCC sponge (study group) and analyzed by scanning electron microscopy (SEM). (A-B) GFs control, (C-D) GFs with CA/NOCC.
Formation of blebs on the cell surface was indicated with the yellow arrowhead. Scale bars in A and C = 50 um; B and D =5 um. CA/

NOCC, Calcium Alginate/N, O-carboxymethylchitosan.
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Figure 2: Morphology of gingival fibroblasts (GFs) associated with the surface of CA/NOCC sponge following a 3-day culture and

observed by scanning electron microscopy (SEM). Filopodia were indicated with red arrows, while cellular blebs were depicted with yellow

arrowheads. Scale bars in A= 10 ym; B=15 um. CA/NOCC, Calcium Alginate/N, O-carboxymethylchitosan.
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Figure 3: Proliferations of gingival fibroblasts (GFs) were evaluated by MTT assays on days 1, 3 and 6 of cultures with or without the CA/

NOCC sponge. (A) The line graph plots demonstrate the viability levels on days (D) 1, 3, and 6. Data are shown as mean absorbance values

at 550 nm from one representative experiment, (B) The bar chart demonstrates the proliferation rates of GFs cultured with the CA/NOCC

sponge in percentage relative to the control (GFs). Data are shown as means + SDs from five independent experiments. ****_ significantly
different from the control group at p<0.0001. CA/NOCC, Calcium Alginate/N, O-carboxymethylchitosan.

culture, the levels of Ca®" release were relatively stable
at all time points (0.27+0.01 mM). When the CA/NOCC
sponge was incubated in the culture medium (Medium+-
CA/NOCC), the levels of Ca®" in the medium were sig-
nificantly higher than those of the GFs culture at both
days 1 and 3 (p<0.0001), demonstrating a clear release
of Ca ion from the CA/NOCC sponge into the medium.
Interestingly, in the condition where GFs were cultured
with the CA/NOCC sponge (GFs+Ca/NOCC), the release
of Ca”" into the medium was highest and significantly
different from those in the Medium + CA/NOCC incuba-
tion (day 1: p<0.01, day 3: p<0.001) and the GFs culture
(day 1 and 3: p<0.0001). At day 6, the levels of Ca®"

release from the CA/NOCC sponge were significantly
reduced to approximately 33% of the day 3 levels, in both
the GFs+CA/NOCC culture (33.4+7.8%) and Medium
+ CA/NOCC incubation (33.0+15.0%) groups, after the
fresh medium replacement at day 3. It could, therefore,
suggest an occurrence of the high burst-release of Ca>"
from the CA/NOCC sponge during the first 3 days of
culture or material incubation.

According to the technical documentation, DMEM
high glucose (Hyclone) contains approximately 1.36 mM
of Ca®* content. The level of Ca>* measured from the pre-
pared cell culture medium was approximately 1.42+0.05
mM. The medium was used for the GFs culture with and
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Figure 4: Levels of Ca ion released into the culture medium at Days 1, 3 and 6 of cell proliferation assays. Data are

shown as means + SDs from five independent experiments. **, significantly different at p<0.01; ***, significantly
different at p<0.001; **** significantly different at p<0.0001. GFs, gingival fibroblasts; CA/NOCC, Calcium Algi-
nate/N, O-carboxymethylchitosan; Medium, DMEM high glucose supplemented with 10% FBS, 2 mM L-glutamine,

100 TU ml™! of penicillin, 100 ug ml! of streptomycin, and 5 ug ml™' of amphotericin B.

without the CA/NOCC sponge and the incubation of CA/
NOCC material. In this study, the 6 mm- and 10 mm-
diameter CA/NOCC sponge pads were used for the cell
proliferation and cell morphology assays, respectively.
The total calcium ion levels (Level of Ca®* released+1.42
mM Ca®" content in the culture medium), in the culture
medium at Day 3 of continuous culture/incubation, from
the 2 assays are shown in Table 1. In the GFs culture, the
levels of Ca®* were relatively comparable and in the range
of 1.53-1.68 mM. When the CA/NOCC sponge was incu-
bated in the culture medium (Medium+CA/NOCC), the
levels of Ca®" in the medium were significantly increased
from those of the GFs culture i.e., approximately 2.40 mM
for the 6-mm and 3.69 mM for the 10-mm CA/NOCC
sponges, respectively. Interestingly, in the condition where
GFs were cultured with the CA/NOCC sponge (GFs+Ca/

NOCC), the levels of Ca®" in the medium (6-mm sponge:
2.96 mM, 10-mm sponge: 4.60 mM) were about 1.2 times
higher than those from the Medium+CA/NOCC incuba-
tion. Moreover, the levels of Ca®" in the conditions using
the 10-mm CA/NOCC sponge were about 1.5 times of

those using the 6-mm material.

Discussion

To develop a biomaterial with improved hemostatic
efficiency, it is essential to select proper components
for the preparation. The chitosan derivative, N, O-Car-
boxymethylchitosan (NOCC), was shown to contain
numerous beneficial properties, including biocompat-
ibility, biodegradability, wound healing promotion as
well as having antimicrobial and hemostatic capabili-

ties.(!2171%) Alginate is a natural anionic polysaccharide,

Table 1: Total calcium ion levels (mM) from day 3 of GFs culture with or without the CA/NOCC sponge with varying diameters

CA/NOCC sponge diameter
GFs + CA/NOCC
6 mm 2.96 +0.24
10 mm 4.60 +0.31

Values represent means + SDs from three independent experiments.

Total Calcium ion levels (mM)

Medium + CA/NOCC GFs
2.40+0.27 1.68 £0.11
3.69+0.30 1.53 £0.22

GFs, gingival fibroblasts; CA/NOCC, Calcium Alginate/N, O-carboxymethylchitosan; Medium, DMEM high glucose supplemented with
10% FBS, 2 mM L-glutamine, 100 IU mI™! of penicillin, 100 ug mI"! of streptomycin, and 5 g ml"' of amphotericin B.
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extracted from seaweeds, that has shown to be hydro-
philic, biocompatible, biodegradable and wound healing
accelerating. Moreover, in the forms of sodium alginate
and calcium alginate, they demonstrate hemostatic
efficacy.?>?%) From the favorable properties of both
materials, we have prepared the CA/NOCC hemostatic
sponge from the SA and NOCC solution mixture, which
was casted and freeze-dried into a sponge-pad form. The
material was then dipped in the CaCl, solution, in which
the Na™-Ca®" exchange reaction occurred.!'® We have
previously exhibited that the CA/NOCC sponge was
cytocompatible and supported the proliferative ability of
the 1929 mouse fibroblasts,'”) and the primary hAOBs
isolated from the jaw bone.?!

Unexpectedly, in this study, we have observed that
the ultrastructural morphology of human GFs was signifi-
cantly altered, when the cells were cultured with the CA/
NOCC sponge. From SEM analyses, GFs cultured with
the material were mainly attached to the underlying cover
glass with significant reduction in cell density. Moreover,
those GFs on the cover glass and the few material-as-
sociated cells exhibited irregularly-textured cell surface
with the presence of numerous large fibrils and cellular
blebbing. These results were in contrast to our recent
report showing that, when the hAOBs were cultured with
the CA/NOCC sponge, the cell density was comparable
to the control and the cell surface was homogenously
covered with small fibrils.?!) In another study by Li

% when human osteoblast cell line (MG63) was

et al.
cultured with the calcium alginate-chitosan scaffold,
enhanced cell density was observed, and the cells attached
to the material surface was covered with numerous mi-
crovilli.?® In regards to the morphological alterations
observed with GFs, the formation of blebs at the cell
surface could be indicative of possible cell necrosis or
apoptosis®>29), while the presence of fibrils was associ-
ated to the cells’ attempt to remove toxic substances.?”)
The effect of CA/NOCC sponge on the cell prolifer-
ation capacity was also assessed by utilizing MTT assay.
When the GFs were cultured with the CA/NOCC sponge,
their proliferation rate was significantly reduced to about
70% of the control, unlike the minimally-altered prolifer-
ative ability of hAOBs, shown in our previous study."
Evidently, the cell proliferation result was in coordination
with the ultrastructural changes of the cells observed from
the SEM analyses, suggesting that the CA/NOCC sponge
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did exert some cytotoxic effects toward GFs.

To determine the potential causes of the morpho-
logical and functional changes of GFs, cultured in direct
contact with CA/NOCC sponge, the previously reported
cytotoxic effects of NOCC and CA were reviewed. Stud-
ies have demonstrated the cytocompatibility of NOCC
to various cell types, including mouse fibroblast cell line
(NIH3T3),?® primary human dermal fibroblasts.*”) and
breast cancer cells (MCF-7).%%) On the other hand, previous
studies have demonstrated that calcium alginate was cyto-
toxic towards fibroblasts and epidermal cells.®!=% Suzu-
ki et al.®*33 have tested alginate dressings with varying
calcium content, and they have shown that proliferation
of 1929 fibroblasts was inhibited with increased Ca>"
releases. Moreover, studies have shown that Kaltostat®, a
CA-hemostatic dressing, induced morphological changes
of human embryonic lung fibroblasts (MRC5) and human
keratinocytes, ") and severely impaired the proliferation
of 1L929 murine fibroblasts, partly from the high Ca>*

release.(3233)

and possibly from the presence of some
bioincompatible contaminants in commercial sodium
alginates.*> In another study by Paddle-Ledinek e al. 3%,
they have exhibited that the extracts of alginate-contain-
ing dressings with higher levels of calcium (Algisite M:
4.89 mM, Contreet-H: 3.06 mM and SeaSorb: 3.42 mM),
significantly altered the morphology and induced 60-90%
loss of proliferative abilities in primary human keratino-
cytes. In agreement with these reports, we have observed
that the proliferative ability of the GFs, cultured with the
CA/NOCC sponge, began to deteriorate in association
with the exposure of the cells to 2.96+0.24 mM Ca’" con-
tent in the medium. Additionally, the cytotoxic changes
to the GFs morphology were associated with the level of
Ca®" as high as 4.60£0.31 mM, in the culture medium.
Calcium ions (Ca®") has been shown to be one of the
critical components in various phases of the cell cycle.
The optimal extracellular Ca®* levels, required for the
accumulation of DNA replicators, were shown to vary
among different cells types. Keratinocytes and colon cells
need around 0.05 to 0.1 mM of extracellular Ca2+, while
fibroblasts, hepatocytes and thymic lymphoblasts require
approximately 1.0 to 1.5 mM.%37) Thus, the 1.42 mM
Ca®" level in our prepared culture medium was proper
for the growth and functions of human GFs. On the other
hand, studies have demonstrated the roles Ca2" in the

process of toxic cell death or apoptosis. Enhanced intra-
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cellular influx or redistribution of Ca®>" among cellular
compartments can induce toxic reactions and irreversible
injuries to various cells, by impairing their mitochondrial
function, disturbing the cytoskeletal organization, and
activating Ca>"-involved catabolic processes. 3839 By
using MTT assays, which measure the mitochondrial
activity of the cells, we have shown a significant reduction
in the proliferation rates of GFs, cultured in the condition
with a high level of Ca®* released from the CA/NOCC
sponge. In addition, those GFs demonstrated morpholo-
gical changes by forming numerous protrusions and blebs
at the cell surface, which could be indicative of the cytoskel-
etal alterations resulting from toxic injury to the cells.3?
By measuring the release of Ca?* from the CA/NOCC
sponge, in this study, considerably high levels of Ca ion
were detected in the culture medium since day 1 of culture
and followed by a slight increase at day 3. While, at day
6, we have observed about 67% decrease in the levels of
Ca’" release, which could, most likely, be from the fresh
culture medium replacement and the almost saturated
levels of Ca®* released from the material since day 3. It
could be postulated that, the high levels of Ca®" discharged
from the CA/NOCC sponge during days 1-3 of culture or
incubation, may be mainly caused by the dissolution of
CaCl, residue left on the surface of the material after the
material cleaning process with deionized water, rather
than the Ca®" and Na" exchange process which would
occur during the degradation of the CA/NOCC sponge
in the culture medium that was found to take more than
10 weeks.!” Thus, future studies on a 24 h. pre-washed
CA/NOCC sponge, to remove the excess Ca ion, would be
planned and evaluated of its cytocompatibility to the GFs.

Interestingly, we have previously observed minimal
cytotoxic effects of the CA/NOCC sponge on primary
hAOBs.?!) Most likely, it may be due to the cell-type
specific regulatory mechanisms in response to the Ca*
concentration. Maeno et al.*? have exhibited that,
different extracellular Ca>* concentrations were shown
to have varying effects on osteoblasts, where 2-4 mM
supported cell proliferation, 6-8 mM regulated cell differ-
entiation, while more than 10 mM was toxic. Therefore,
the high level of Ca®" release from the CA/NOCC sponge
was considered to be in the safe range in maintaining
normal human osteoblast growth and functions while it
could be potentially cytotoxic to human gingival fibro-
blasts.
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Conclusions

Our results indicate that the CA/NOCC hemostatic
sponge, which released a significantly higher level of
Ca**, demonstrated cytotoxic effects towards human GFs
by altering the cell morphology and reducing the cell
proliferation rates. Therefore, to develop the CA/NOCC
hemostatic sponge that is biocompatible with no negative
effect on gingival tissue regeneration, future studies on the
pre-washed CA/NOCC sponge, the materials with varying
ratios of CA to NOCC, or identification of other potential
toxic factors would be warranted.
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