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An In Vitro Assessment of Cytotoxicity of Polyvinyl Siloxane,
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A b s t r ac t
Aim and objective: Cytotoxicity of polyvinyl siloxane (PVS), polyether (PE), and polyvinyl ether silicone (PVES) on NIH/3T3 cells.
Materials and methods: This in vitro study used elastomeric impression materials which were divided into three groups, group I, II, and III with
PVES (EXA’lence light body), PVS (Flexceed light body), and PE impression material (Impregum), respectively. A total of 10 specimens were
prepared. Dulbecco’s modified Eagle’s medium was used for growing mouse cell line NIH/3T3. Cytotoxicity level of all elastomers was measured
with the test 3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide assay at regular intervals.
Results: There was a decline in the survival rate with PVES as found on day 1, PVS and PE showed on 3rd and 7th day. Kruskal–Wallis test showed
a significant difference in all groups at various days (p < 0.05).
Conclusion: Authors found that PVES showed early cytotoxic signs as compared to PVS and PE. Cell viability for PVS was highest as compared
to PVES and PE impression materials.
Clinical implication: Cell viability for PVS was highest as compared to PVES and PE impression materials. This information is useful in the
selection of impression materials.
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I n t r o d u c t i o n
Elastomeric dental impression materials are widely used material in
prosthodontics for recording exact replica of dental tissues (soft and
hard). Additional silicone or vinyl polysiloxane (VPS), polysulfide,
polyether (PE), and condensation silicones are among commonly
used elastomeric impression materials. They are used in recording
the impression of removable and fixed implants.1,2
Vinyl polysiloxane possess highest accuracy since they are
elastic in nature and show increase in dimensional stability. The
recently invented polyvinyl ether silicone (PVES) elastomer has
unique features as seen with polyvinyl siloxane (PVS) and PE, such
as dimensional stability and hydrophilic behavior.3
Studies have demonstrated that the use of PE can result in
adverse reactions in the body which includes pain, xerostomia,
stomatopyrosis, swelling of lips, non-specific cheilitis, dermatitis,
and painful and difficult swallowing. These manifestations may be
seen within 1–3 days of its use in the oral cavity.4
Several studies have been carried out concerning the
cytotoxicity of VPS, whereas results have indicated a high degree
of toxicity toward cell cultures compared to the negative control.5,6
Evaluation of biocompatibility is essential when any medical
device is to be used on a patient and cytotoxicity testing using
the cell culture technique is the simplest and the easiest form of
biocompatibility evaluation that can be used to screen a large
number of dental materials. Trapping of elastomeric materials
during impression taking into the gingival sulcus for longer duration
may result in cytotoxic reactions. For testing these elastomers,
numerous arrays and in vitro culturing of cell types are routinely
used.7 The present study aimed at comparing the cytotoxicity level
of different elastomers, such as PVES, PVS, and PE on NIH/3T3 cells
(mouse cell line).
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M at e r ia l s

a n d  M e t h o d s

This in vitro study was performed in Department of Dentistry
(Prosthodontics), Patna Medical College and Hospital, Patna.
This in vitro study was conducted after obtaining approval from
institutional ethics committee. Elastomeric impression materials
were divided into three groups. Elastomers, such as PVES (EXA’lence
light body), PVS (Flexceed light body), and PE impression material
(Impregum), were grouped in group I, II, and III, respectively.
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Cytotoxicity of Elastomeric Dental Impression Materials on NIH/3T3 Cells
A total of 10 specimens were prepared from each elastomeric
material by dispensing and mixing as per the manufacturer’s
instructions. All these specimens were placed in sterilized brass
mold (1.5 × 1.5 cm). After polymerization, all were stored in a glass
container.
Preparation of specimen was performed according to the
International Organization for Standardization standards for cell
cytotoxic study.8 From the National Centre for Cell Sciences, Pune,
mouse fibroblast cell line NIH/3T3 was obtained. Mouse cell line
was used in the present study because NIH/3T3 cell line was able
to proliferate, adhere, and migrate on the pristine polyaniline films
as well as those films doped with sulfamic and phosphotungstic
acids; thus, consumption of said forms in biomedicine seems
to be hopeful. However, including poly(2-acrylamido-2-methyl1-propanesulfonic) acid modifies the surface characteristics of
the polyaniline films and considerably affects the cell behavior.
For growing and culturing mouse cell line NIH/3T3, Dulbecco’s
modified Eagle’s medium (DMEM), supplemented with 100 μg/mL
streptomycin, 10% fetal bovine serum (FBS), 2 mM glutamine, and
100 U/mL of penicillin was utilized. IC50 concentration was assessed
for a 3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide
(MTT) assay. NIH/3T3 cell line was able to proliferate, adhere, and
migrate on the pristine polyaniline films as well as those films
doped with sulfamic and phosphotungstic acids; thus, utilization
of said forms in biomedicine appears promising. Nevertheless,
incorporating poly(2-acrylamido-2-methyl-1-propanesulfonic)
acid altered the surface properties of the polyaniline films and
significantly affected the cell behavior.9
We prepared 30 plates with NIH/3T3 cells with various elastomeric
materials which were incubated at 37°C. 3-(4,5-dimethylthiazol-2yl)-2-5-diphenyltetrazolium bromide assay was used for assessing
the cytotoxicity level in different groups on 1st day, 3rd day, and 7th
day at every 15 minutes, 30 minutes, 60 minutes, and 24th hour.10
The culture medium used without serum to evade the potential
interface or inactivation of substances released by testing materials
with serum components.11
Culture medium containing any soluble extracts of polymerized
impression materials was collected after incubation period, in
sterile tubes for further evaluation. 3-(4,5-dimethylthiazol-2-yl)-25-diphenyltetrazolium bromide assay is one of the most regularly
used calorimetric assays to evaluate cell viability or cytotoxicity.12
This assay establishes mainly cell viability through the evaluation
of mitochondrial function of the cells by quantifying the action of
mitochondrial enzymes, such as succinate dehydrogenase.13
NIH/3T3 cells were seeded in a 30-well plate at a density of
5 × 103 cells/well with complete DMEM supplemented with 10%
FBS. After 24 hours, the used medium was removed and the cells
were washed with 1× phosphate-buffered saline (PBS). Cells were
exposed to 100 μL of extracts for day 1, 3, and 7, with the time
interval of 15 minutes, 30 minutes, 60 minutes, and 24th hour; the
time interval is used to differentiate the level of survival percentage
of cells and cytotoxic virulence between each time interval. The
same time interval is followed for day 3 and 7. Fifty microliters of
MTT (5 mg/mL in PBS) were added to each well. Subsequently, the
plates were incubated at 37°C for 3 hours at 5% CO2.12,14
At end of the incubation, excess MTT solution was removed
and the formazan crystals were dissolved with 100 μL of dimethyl
sulfoxide.14,15
Results were expressed as mean and standard deviation (SD)
after entering it in MS excel sheet. Results were compared using

analysis of variance (ANOVA) test and Kruskal–Wallis and cell
viability on 1st day, 3rd day, and 7th day was recorded. The level of
significance was labeled below 0.05.

R e s u lts
Table 1 indicates distribution of different elastomeric impression
materials in various groups. Table 2 shows cell viability recorded
on day 1 at 15 minutes was 58, 157, and 155 in group I, II, and III,
respectively. It was 76, 124, and 148 at 30 minutes in group I, II, and
III, respectively. It was 6, 134, and 136 at 60 minutes in group I, II,
and III, respectively. At 24 hours, it was 26, 80, and 136 in group I,
II, and III, respectively.
Table 3 shows cell viability recorded on day 3 at 15 minutes was
36, 82, and 104 in group I, II, and III, respectively. It was 28, 72, and
114 at 30 minutes in group I, II, and III, respectively. It was 24, 82, and
112 at 60 minutes in group I, II, and III, respectively. At 24 hours, it
was 28, 81, and 114 in group I, II, and III, respectively. Figure 1 shows
cell viability recorded on day 7 at 15 minutes was 19, 21, and 85 in
group I, II, and III, respectively. It was 20, 13, and 78 at 30 minutes
Table 1: Distribution of elastomers used in the study
Groups
Material

Group I
Polyvinyl ether
silicone (PVES)

Group II
Polyvinyl siloxane (PVS)

Group III
Polyether (PE)

Table 2: Assessment of cell viability of NIH 3T3 cells in different groups
on day 1
Time period
Group I
Group II
Group III

15 minutes
58
157
155

30 minutes
76
124
148

60 minutes
68
134
136

24 hours
26
80
136

Table 3: Assessment of cell viability of NIH 3T3 cells in different groups
on day 3
Time period
Group I
Group II
Group III

15 minutes
36
82
104

30 minutes
28
72
114

60 minutes
24
82
112

24 hours
28
81
114

Fig. 1: Assessment of cell viability of NIH 3T3 cells in different groups
on day 7
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Table 4: Mean survival rate in all groups
Time period
Group I
Group II
Group III
p value

Day 1
25.1 ± 8.14
106.8 ± 32.6
120.6 ± 16.5
0.001

Day 3
23.6 ± 7.06
66.4 ± 34.5
94.2 ± 14.7
0.001

Day 7
24.6 ± 6.12
18.2 ± 32.8
74.6 ± 16.1
0.001

Kruskal–Wallis test, p < 0.05, significant

Table 5: Period effect within the subject
Groups
Group I
Group II
Group III

Sum of squares
24.86
16,242.6
4,612.8

Df
1.82
1.04
1.28

in group I, II, and III, respectively. It was 30, 17, and 82 at 60 minutes
in group I, II, and III, respectively. At 24 hours, it was 29, 19, and 64
in group I, II, and III respectively.
Table 4 shows that mean ± SD cell viability survival of cells at
day 1 in group I was 25.1 ± 8.14, 106.8 ± 32.6 in group II, and 120.6
± 16.5 in group III. On day 3, it was 23.6 ± 7.06, 66.4 ± 34.5, and
94.2 ± 14.7 in group I, II, and III, respectively. It was 24.6 ± 6.12, 18.2
± 32.8, and 74.6 ± 16.1 on day 7 in group I, II, and III, respectively.
Kruskal–Wallis test showed a significant difference in all groups at
various days. Table 5 shows test of within-subject effect over time
in each group.

D i s c u s s i o n
The biocompatibility of elastomers may be evaluated by
determining the cytotoxicity level. The utility of these tests for
diagnosing the cytotoxicity of dental materials is well established.16
The potential cytotoxicity of elastomeric materials may be tested
by direct and indirect tests. In direct test, the cells are introduced
into the material and in indirect test the cells are inserted to the
eluted extracts of the impression materials.17 Test, such as dye
exclusion methods, can be used for measuring the cell viability.
However, it has its limitations. 3-(4,5-dimethylthiazol-2-yl)-2-5diphenyltetrazolium bromide is a calorimetric assay used frequently
in evaluating the cytotoxicity or cell viability.12 The cell viability
is assessed principally through the evaluation of mitochondrial
function of the cells by calculating the succinate dehydrogenase
which is a potent mitochondrial enzyme.13 This method is safe and
easily employed. It has high reproducible capacity which helps
in assessing the cytotoxicity and cell viability.18 The present in
vitro study compared the cytotoxicity level of various elastomers
included in research.
In the present study, we used elastomeric impression materials,
such as PVES, PVS, and PE impression materials which were grouped
into group I, group II, and group III, respectively.
We observed that cell viability recorded on day 1 at 15 minutes
was 58 in group I, 157 in group II, and 155 in group III. At 30 minutes,
it was 76, 124, and 148 in group I, II, and III, respectively. We found cell
viability of 6, 134, and 136 in group I, II, and III, respectively, recorded
at 60 minutes. At 24 hours, it was 26, 80, and 136 in group I, II, and
III, respectively. Similarly, cell viability was measured on day 3 and
7 at 15 minutes, 30 minutes, 60 minutes, and 24 hours. Rajasimhan
et al.14 in their in vitro study compared the cytotoxicity of PVES,
PVS, and PE elastomeric impression materials using 24 specimens.
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Mean square
12.84
15,614.2
3,640.2

F
0.32
11.72
25.76

p value
0.81
0.02
0.01

Result demonstrated that on 1st day group I had decrease in the
survival rate on day 1 and group II and III on day 3rd and 7th which
were statistically significant (p < 0.001).
We found a significant difference in mean ± SD cell viability
survival of cells. At day 1 in group I, it was 25.1 ± 8.14, 106.8 ± 32.6
in group II, and 120.6 ± 16.5 in group III. On day 3, it was 23.6 ± 7.06,
66.4 ± 34.5, and 94.2 ± 14.7 in group I, II, and III, respectively. On
day 7, group I had 24.6 ± 6.12, group II had 18.2 ± 32.8, and group III
had 74.6 ± 16.1. Roberta et al.11 determined the cytotoxicity of PEs
and VPSs impression materials using indirect tests which showed
that MTT test, cell counting, and light microscopy were effective in
determining the cellular viability of extracts of PE materials which
showed reduction. The direct tests showed reduction in cellular
proliferation of PEs which was unaffected by the presence of VPSs.
In this study, we observed that there was no change in cell
viability from day 1–7 in group I (p > 0.05), but PE and PVS were
statistically significant (p < 0.05). We found highest cell viability
in group II. Boraldi et al.19 compared various elastomeric materials
with Balb/c 3T3 and human gingival fibroblasts. It was evident from
the study that there was a clear decline in the cellular viability of
Balb/c 3T3 tests resulted from express light body. Most cytotoxic
material was PE. Primary cell line found to be less sensitive to the
toxic effect as compared to permanent cell line.
Augustine et al. evaluated the antiproliferative action of
earthworm coelomic fluid (ECF) on oral cancer cell line squamous
cell carcinoma (SCC)-9, and concluded that antiproliferative
activity of ECF has antiproliferative effect on oral cancer cells. 20
Augustine et al. in a systematic review included 23 studies for
analysis with 18 in vitro studies and 4 of combined in vitro and
in vivo methods. They stated that, in wound healing, earthworm
extracts have been used successfully as an antimicrobial and antiinflammatory agent. They have antitumor activity and earthworm
extracts showed satisfactory anticancer effect on several types of
cancers.21 Augustine et al. analyzed the dose- and time-dependent
antiproliferative effect of ECF of Eisenia fetida (EF), Eudrilus eugeniae
(EE), and Perionyx excavatus (PE) on oral cancer cell line KB 3-1. They
concluded that on in vitro evaluation, ECF of EE has a promising
antiproliferative effect in a dose- and time-dependent method on
oral squamous carcinoma KB 3-1 cells.22
The shortcoming of the present study is that cytotoxicity of
elastomeric materials was checked with indirect test only. Humanbased cell lines were not used in this study. Further studies are
required to evaluate the cytotoxic effect on direct and in vivo
method.
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C o n c lu s i o n
It was evident in the study that PVES had early cytotoxic signs
as compared to PVS and PE. Cell viability for PVS was highest as
compared to other impression materials.
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