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Abstract — Aim: The resin ionomer Geristore, originally designed for
restorative procedures, has been used extensively in treating subgingival
defects (such as root resorption and perforations) and as a retrofilling
material. The purpose of this study was to evaluate the cell adhesion as
well as in vitro biocompatibility of human periodontal fibroblast cells with
resin ionomer Geristore in comparison with mineral trioxide aggregate
(MTA) and glass ionomer cement (GIC). Material and method: Adhesion,
growth, and morphology of human periodontal fibroblasts over test mate-
rials were evaluated by scanning electron microscopy (SEM). Biocompati-
bility was assessed by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide salt (MTT) assay. Results: Compared to glass coverslips, cells
grew and spread qualitatively better over the surface of Geristore in com-
parison with the other test materials. In vitro interpretation indicates that
Geristore is significantly less cytotoxic to human periodontal ligament cells.
Results of statistical analysis revealed that material extracts had significant
effect on cell proliferation at both 24 h (F = 547.62, P < 0.05) and at 48 h
(F=06048.18, P < 0.05). Conclusion: Our study supports that Geristore
has enhanced biologic behavior to human periodontal ligament cells and
superior biocompatibility in comparison with MTA and GIC, so it can be
suggested as a material of choice in root resorption, perforations, and
root-end filling.

A root-end filling material functions as a ‘physical seal’
to prevent microleakage from the root canal system

can repair subgingival and subosseous defects and can
be used as a barrier for guided tissue regeneration (4—

into adjacent periradicular tissues (1), and because 7).

these materials come into direct contact with the per-
iradicular tissues, they are required to be biocompati-
sealing ability,

ble. Other desired properties are

The purpose of this study was to evaluate the cellu-
lar adhesion potential as well as in vitro biocompatibil-
ity of the resin ionomer Geristore compared to two
other materials MTA and GIC that are used com-

handling properties, working time, radiopacity, anti-
bacterial activity, and the induction of the periodontal
ligament (PDL) cell proliferation (2). Similarly, other
materials used adjacent to periodontal tissues (in sub-
gingival defects such as perforations, root caries, root
resorption) should also have minimal cytotoxicity
toward these cells and should preferentially adhere to
them (3).

Geristore is a dual-cure (both self- and light-curing),
hydrophilic, nonaqueous polyacid modified composite
resin. Advantages of this material include insolubility
in oral fluids, increased adhesion to tooth structure,
dual-cure capabilities, low-cure shrinkage, low coeffi-
cient of thermal expansion, radiopacity, fluoride
release, and biocompatibility (4). Relatively, very few
studies have addressed biocompatibility and cellular
adhesion capabilities of Geristore (3, 5); although sev-
eral clinical studies have demonstrated that Geristore

monly as root-end filling material, perforation repair
material and in subgingival defects.

Materials and methods

Sample collection

The teeth were collected from healthy individuals hav-
ing no caries involvement extending beyond the cemen-
to-enamel junction and no periodontal disease. The sex
and race of the patients were not considered for this
study hence not recorded. Extracted teeth were immedi-
ately placed in minimum essential medium (MEM)
with low glucose (Gibco BRL) + penicillin 10 000 1.U./
100 ml, streptomycin 10,000 1.U./100 ml and fungizone
250 pg/100 ml medium (PSF) to maintain periodontal
cell viability during transport and also help to reduce
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sample contamination by initiating antibacterial/anti-
fungal activity.

Cell culture

The primary cultures of human PDL fibroblasts were
obtained by following the methods of Pant et al. (8).
Briefly, the teeth were washed in MEM containing
antibiotic—antimycotic; then, adherent soft tissues were
removed from the crown and the coronal one-third of
the root. These soft tissues were then discarded. The
crown and coronal one-third of the root were then
placed in 5.25% NaClO for 2 min to reduce bacterial
contamination, as well as to kill any remaining gingi-
val epithelial cells. The middle third of the root was
then scraped to obtain periodontal ligament tissue
specimens. The tissue specimens were placed in a ster-
ile Petri dish containing a thin layer of MEM with
10% fetal bovine serum. The PDL tissues were disag-
gregated using 0.2% collagenase and 0.125% trypsin
for 30 min at 37°C, and the cells were collected by
centrifugation at 100 xg for 5 min. The pellet of
packed cells was then resuspended in the six-well cul-
ture plates in complete minimal essential medium and
allowed to adhere properly after incubating at 37°C
with an atmosphere of 95% air and 5% CO,. Growth
was permitted to continue until the cells attained a
confluent monolayer, at that time they were trypsi-
nized (trypsin 0.05%—-EDTA 0.53 mM) and passaged
into T-25 culture flasks to expand the cell population
(first cell passage). The cells of third and fourth pas-
sages were trypsinized and pooled for experimentation
(to control the cell variability). Cell number for exper-
imentation was determined using an Electronic Coul-
ter Counter (Model Zf; Coulter Electronics, Hialeah,
FL, USA). The number of viable cells in each batch
was measured by the trypan blue dye exclusion test
before each experiment, and batches showing cell via-
bility of more than 95% were used for the experi-
ment.

Sample preparation and sterilization

Geristore (DEN-MAT Corporation, Santa Maria, CA,
USA), mineral trioxide aggregate (ProRoot MTA;
Dentsply Tulsa Dental Specialties, Tulsa, OK, USA)
and glass ionomer cement (Fuji II; GC, Tokyo, Japan)
were obtained from commercial sources. Disks
(6 x 2 mm) from the three materials were fabricated
under aseptic conditions by packing the material after
mixing in a Teflon washer (internal diameter of
6 x 2 mm) and compressed between two glass slides to
generate even thickness of material. Glass coverslips
were used as positive controls in all experimental con-
ditions throughout this study. Extracts from all three
materials were prepared by preincubating sterilized
disks in 50 cm® conical tubes with 5 ml of DMEM
(Invitrogen, Life Technologies, Grand Island, NY,
USA) supplemented with 100 U ml~" penicillin and
100 pg ml~' streptomycin at 37°C in a shaker (Labline;
Barnstead Int., Dubuque, IA, USA) at 150 rpm.

Scanning electron microscopy growth assay

Adhesion, morphology, and biologic behavior of
human PDL fibroblasts over Geristore were evaluated
by scanning electron microscopy (SEM). Disks of Geri-
store, MTA, and GIC along with control glass cover-
slips were sterilized as described above and placed in
the bottom of a 12-well culture plate. Human PDL
fibroblast cells were seeded into the wells at density of
3 x 10* cells per well in DMEM medium containing
10% fetal bovine serum. After incubation, cells were
washed three times with phosphate-buffered saline
(PBS) and fixed in 2.5% glutaraldehyde in 1 mmol cac-
odylate buffer (pH 7.4). Samples were then observed
using a scanning electron microscope (JEOL JSM 6400;
Jeol USA, Peabody, MA, USA). Cell attachment and
viability in each experimental condition were assessed
by qualitatively comparing morphology of cells over
tested materials with that of cells over glass coverslips,
which were considered cells with normal morphology.

Cytotoxicity assays

The cytotoxicity of human PDL fibroblasts toward Ge-
ristore, MTA, and GIC was assessed using MTT assay.
The MTT assay was performed following the method of
Siddiqui et al., 2008 (9) with desired modifications. In
brief, cells (1 x 10* per well) seeded in 96-well tissue
culture plates were exposed to extracts of three test
materials as well as control for time intervals of 24 and
48 h. Tetrazolium bromide salt (5 mg ml™"' of stock in
PBS) was added (10 pl per well in 100 pl of cell suspen-
sion) for 4 h. At the end of incubation, the reaction
mixture was carefully taken out and 200 pl of culture
grade dimethyl sulfoxide (DMSO) was added to each
well by pipetting up and down several times until the
content gets homogenized. The plates were kept on
rocker shaker for 10 min at room temperature and then
read at 550 nm using Multiwell Microplate Reader
(Synergy HT; Bio-Tek, Winooski, VT, USA). Unex-
posed sets run under the identical conditions were
served as basal control; whereas cells exposed to manga-
nese (1072 and 10~* M) were used as positive control.

Statistical analysis

Normalized percent viability values from multiple
experimental samples (n = 4) were subjected to statisti-
cal analysis. ANova was performed to evaluate the
effect of material extracts on cell proliferation. Post
hoc pairwise comparison was carried out using Tukey’s
multiple comparison tests.

Results

Cellular adhesion and morphology

We employed SEM analysis at different magnification
scales to view cell morphology and spreading over 76 h
in culture under serum-free conditions. As a control,
fibroblast cells attached and spread well over glass cov-
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erslips in these studies (Figs la and 2a). Compared to
glass coverslips, cells spread qualitatively well over the
surface of Geristore exhibiting characteristic elongated
fibroblastic morphology showing adhesion to the
underlying material through their processes (Figs 1b
and 2b). However, fibroblasts appear rounded in mor-
phology with blunted extensions on disks of MTA
(Figs 1c and 2c). On the surface of GIC, cells were
sparse and morphologically altered losing fibroblastic
processes (Figs 1d and 2d).

Cytotoxicity assay

Results obtained with the MTT assay indicated that
Geristore was less toxic to human PDL fibroblast cells

Fig. 1. Scanning electron microscopic
analysis of human periodontal fibroblast
attachment and growth following 76 h
of incubation on (a) glass coverslip
controls (150x), (b) Geristore (100x),
(¢) MTA (100x), and (d) GIC (100x).

Fig. 2. Scanning electron microscopic
analysis of human periodontal fibroblast
attachment and growth following 76 h
of incubation on (a) glass coverslip
controls (2500x), (b) Geristore (4000x),
(c) MTA (2000x), and (d) GIC
(2000x).
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after 24 and 48-h incubation period than MTA or GIC
extracts (Table 1). Normalized percent viability values
from multiple experimental samples (n = 4) were sub-
jected to statistical analysis. ANOvA was performed to
assess the effect of material extracts on cell prolifera-
tion. Results of analysis revealed that material extracts
had significant effect on cell proliferation at both 24 h
(F=547.62, P<0.05 and at 48 h (F= 6048.18,
P < 0.05). Post hoc pairwise comparison was carried
out using Tukey’s multiple comparison tests. Results of
Tukey’s test indicated that Geristore was statistically
(P < 0.05) significantly better than control, MTA, and
GIC, both at 24 h and at 48 h. It also suggested that
GIC differs significantly from control and MTA, both
at 24 h and at 48 h (P < 0.05). However, the difference
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Table 1. Percentage of cell viability after 24 and 48 h for
experimental groups and standard deviation of cell viability
for each group and each exposure period

Percent cell viability (standard

deviation)
Experimental groups After 24 h After 48 h
Control 96 (3.9) 100 (3.3)
Geristore 130 (2.5) 160 (1.6)
MTA 94 (3.5) 80 (2.3)
GIC 104 (3.8) 60 (3.3)
GIC, glass ionomer cement; MTA, mineral trioxide aggregate.
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Fig. 3. Graphs show result of human periodontal ligament
cell viability (MTT) assay. Geristore, MTA, and GIC
material extracts were prepared following 24 (a)- and 48 (b)-
hour incubation periods in tissue culture media. Results of
statistical analysis revealed that Geristore extracts had
significant effect on cell proliferation at both 24 h (P < 0.05)
and at 48 h (P < 0.05). Post hoc pairwise comparison was
carried out using Tukey’s multiple comparison tests.

between MTA and control is insignificant at 24 h
(P >0.05) but it is significant at 48 h (P < 0.05).
Figure 3a,b gives the comparison of Geristore with
control, MTA, and GIC at 24 and 48 h, respectively.

Discussion

Evaluation of cellular growth and adhesion has been
used to test cytotoxicity of dental materials (3, 10-12).

It has been suggested that cell growth on the surface of
a material is a more sensitive indicator of cytotoxicity
than cell growth in surrounding areas (13). SEM has
been used to evaluate adhesion of cells on materials
used in a proximity to periodontal tissues as a part of
evaluating the cytotoxicity of these materials (14, 15).
Geristore did not inhibit growth of PDL fibroblasts as
evaluated by scanning electron microscopy and the cells
spread well over the disk. However, cells did not grow
or spread equivalently well over MTA or GIC. Results
of the present study are consistent with earlier studies
(3, 16), which also concluded that PDL fibroblasts
attached more readily to Geristore. These investigators
determined that cellular attachment occurred signifi-
cantly greater than other endodontic root-end filling
materials.

Geristore showed an excellent biocompatibility pro-
file on the first day of exposure, with percent cell pro-
liferation up to 130%. This value also increased
significantly (F = 6048.18, P < 0.05) up to 160% over
the next day to show a favorable effect on cells, which
is in agreement with previous studies (3, 17). While
MTA could maintain the percent cell viability to 94%
at 24 h that decreased further to 80% at 48 h. The
results of a meta-analysis on biocompatibility of MTA
had shown that MTA is more biocompatible than
super ethoxy benzoic acid (EBA), intermediate restor-
ative material (IRM), and silver amalgam (18). In the
present investigations, GIC was found to decrease the
percent cell viability up to 60% at 24 h. In a parallel
finding, it has already been reported that GIC is more
cytotoxic than MTA (19).

It is unclear why Geristore has demonstrated a more
favorable response, but it may be due its surface topog-
raphy. It showed some granulations with soft edges
along with the grooves on the surface, which may facil-
itate the better scaffolding effects than the other mate-
rials used, that is, MTA and GIC. The other possible
suggested reason is that Geristore elutes less toxic
materials into the medium (3). Our results also support
this conclusion; however, the exact component differ-
ences are not known at present.

A recent in vivo study evaluating root-end filling
materials illustrated that Geristore showed the least
favorable healing results in the histological evaluation
when compared with the other experimental groups,
MTA and intermediate restorative material (IRM) (20).
However, the study was carried out without using
bonding agent recommended by the manufacturer. It
has been established through several clinical studies
that Geristore can repair subgingival and subosseous
tooth defects successfully and can be used as a barrier
for guided tissue regeneration and also as a retrofilling
material (4-7). Further studies are required before defi-
nite conclusions can be made.
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