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Abstract

Objectives:

To evaluate the cytotoxicity, biocompatibility, and growth factor modulation of a novel pulp capping material using
in vitro assays.

Materials and Methods:

3T3-L1 cells were cultured and treated with two concentrations of the experimental material. The MTT assay was
used to measure cell viability at 24 and 48 hours. Gene expression of angiogenic and odontogenic markers (VEGF,
TGF-B1, FGF-b, BMP2) was quantified using RT-qPCR and normalized by the AACt method. One-way ANOVA with
Tukey's post hoc test was used to examine the data, and p < 0.05 was deemed significant.

Results:

The MTT assay revealed cell viability >95% across all experimental groups, with no significant difference from
untreated controls. Gene expression analysis demonstrated mild downregulation of VEGF (0.92-0.89 fold), TGF-p1
(0.96-0.91 fold), FGF-b (0.95-0.92 fold), and BMP2 (0.95-0.90 fold) relative to untreated controls. The expression
changes were consistent but remained within a narrow range, indicating preserved biological compatibility.
Conclusions:

The novel pulp capping material showed favorable cytocompatibility and biocompatibility, with minimal impact on
growth factor signaling. While less stimulatory than conventional calcium silicate—based cements, its biological
neutrality and safety profile suggest potential for clinical use in vital pulp therapy. Further in vivo and translational
studies are recommended.
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standard pulp capping agent 8. However, its

Introduction

Preserving pulp vitality is an important aspect
of modern restorative and endodontic dentistry. The
most conservative approach of vital pulp therapy
(VPT), which consists of conservative methods meant
to maintain the health of the pulp—dentin complex, is
direct pulp capping 1. The therapeutic efficacy of pulp
capping is largely dependent on the biological
performance of the capping material, namely its ability
to preserve pulp cell viability, encourage the formation
of mineralized tissue, and modify signaling pathways
involved in regeneration >4,

Since calcium hydroxide (Ca(OH):) has
antibacterial properties and can cause dentin bridge
development, it has long been regarded as the gold
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limitations restrict its predictability and long-term
results, such as dissolving over time, poor sealing
ability, and the creation of porous dentin bridges with
tunnel faultst”"

A study by Priyadharshini et al depicted
Resin-based ReCal LC exhibits encouraging
bioactivity while remaining affordable, making it a
promising pulp-capping material for further clinical
evaluation.

The invention of calcium silicate-based
cements, especially mineral trioxide aggregate (MTA),
which  provided improved sealing ability,
biocompatibility, and bioactivity, further advanced
VPT ®12 It has been shown that MTA stimulates
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odontoblast-like growth, encourages the formation of
dentin bridges, and releases bioactive molecules from
the dentin extracellular matrix (dECM), all of which
activate pathways related to pulp repair ['*!3], Despite
these advantages, MTA has disadvantages, including
as difficult handling, long setting periods, and the
potential for tooth discoloration [17],

Alternative materials, such as biodentine and
resin-modified calcium silicates (TheraCal LC), have
been developed to overcome these limitations1 (3-201,
Materials including resin are concerning due to the
potential cytotoxic effects of unpolymerized
monomers ?*?] even though biodentine is just as
bioactive as MTA [21:2223] Clinical and histological
research indicates that calcium silicate-based cements
often produce superior results than Ca(OH), [26:27:281

Growth factors that are sequestered in dentin
and necessary for pulp regeneration include fibroblast
growth factor (FGF-b), vascular endothelial growth
factor (VEGF), transforming growth factor-beta (TGF-
B1), and bone morphogenetic proteins (BMPs). Pulp
capping agents >3] can encourage the release of these
compounds, which coordinate pulp cell recruitment,
angiogenesis, and differentiation. Therefore, the ideal
material should be cytocompatible and able to preserve
or enhance growth factor-mediated regeneration
signals.

This study presents and assesses a new pulp
capping material. The MTT assay was used to evaluate
its (i) cytotoxicity, (ii) biocompatibility in preserving
pulp cell viability, and (iii) expression of VEGF, TGF-
B1, FGF-b, and BMP2. The material would exhibit
similar biological safety and regenerative capacity to
current pulp capping agents, according to the null
hypothesis.

Materials and Methods
Reagents

The culture media includes fetal bovine
serum (FBS; HiMedia), Dulbecco's Modified Eagle's
Medium (DMEM, HiMedia, India), and an antibiotic
mixture of  penicillin and streptomycin
(HiMedia).RNase, propidium iodide (PI) dye, and
dimethyl sulfoxide (DMSO) were purchased from
HiMedia. Abcam (Cambridge, UK) provided the MTT
cell viability kit. The active ingredient in the new pulp
capping substance being studied, calotropin, was
acquired from Sigma Aldrich (India). mRNA was
extracted using the total RNA isolation kit (Invitrogen,
USA). Eurofins Genomics India Pvt. Ltd. created
unique forward and reverse primers for the target genes
(VEGF, TGF-B1, FGF-b, and BMP2).

Cell Culture

The 3T3-L1 cell line (NCCS, Pune, India)
was used for cytotoxicity testing. The cells were grown
in DMEM supplemented with 10% FBS and 1%
penicillin-streptomycin. The cultures were maintained
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in a humidified incubator at 37 °C with 5% CO2.Cells
between passages 3 and 6 were used in all tests, and
sub-culturing was done when the cells achieved 70—
80% confluency.

Cell Viability Assay (MTT Assay)

In 96-well plates, the cells were planted at a
density of 1 x 10 cells per well and incubated for the
whole night. The experimental groups included an
untreated control, a positive control (20% DMSO), and
two test concentrations of the novel drug (low and high
dose, produced in serum-free media). Each well
received 100 pL of MTT solution (5 mg/mL) after
exposure for 24 and 48 hours, and the supernatant was
discarded. The formazan crystals were incubated at 37
°C for four hours before being dissolved in 100 pL of
DMSO. The absorbance at 590 nm was measured
using a microplate reader. A comparison was made
between the percentage of cells that survived treatment
and the untreated control.

Gene Expression Analysis

For 24 and 48 hours, the cells were exposed
to the novel chemical at an ICe' concentration after
being seeded at a density of 5 x 102 cells/well in 6-well
plates. The Invitrogen RNA isolation kit was used to
extract total RNA, and spectrophotometry was used to
confirm its purity. cDNA was created using a reverse
transcription kit. Quantitative RT-PCR was performed
on VEGF, TGF-B1, FGF-b, and BMP2, with B-actin
acting as the housekeeping control. The AACt
technique was used to determine relative gene
expression.

Statistical Analysis

Every experiment was carried out three times
independently and in triplicate. The outcomes are
shown as mean £ SD. One-way ANOVA was used to
compare the groups, followed by Tukey's post hoc test.
For pairwise comparisons, the student t-test was
utilized. P-values below 0.05 were considered
statistically significant. GraphPad Prism v8.0 was used
for the statistical analysis.

Results
Cell Viability (MTT Assay)

After being exposed to the new pulp capping
material for 48 hours, cell viability was evaluated
using the MTT assay. With relative viabilities of
100.0%, 99.3%, 96.3%, and 94.9%, the mean
absorbance values were 0.864 + 0.010 for the untreated
group, 0.858 £ 0.032 for the control, 0.833 + 0.028 for
the low-dose group, and 0.821 = 0.040 for the high-
dose group (Table 1).

A one-way ANOVA revealed no statistically
significant differences between the groups (F(3,8) =
1.46, p=0.296). Tukey's post hoc test revealed that the
viability of both the high-dose and low-dose treatments
was comparable to that of the untreated and control
groups (p > 0.05). These results demonstrate that, at
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the levels tested, the innovative pulp capping material
has no discernible cytotoxic effects (Figure 1). The
MTT assay findings at 48 hours are shown in Figure 1.
In comparison to the untreated control, cell viability is
expressed as mean + SD. There were no discernible
group differences (ANOVA, p = 0.296). ns stands for
not significant.
Gene Expression Analysis

Table 2 and Figure 2 describe the novel
material's effects on angiogenic and odontogenic
markers.

VEGF: From control (0.99 + 0.035) to low
dosage (0.92 + 0.045) and high dose (0.89 + 0.032), the
expression  progressively  decreased. nANOVA
demonstrated significance (p = 0.008), and post-hoc
analysis confirmed that the expression of the high-dose
group was considerably lower than that of the
untreated group (p < 0.05).

TGF-B1: In high-dose group, expression
dropped to 0.91 £+ 0.054. ANOVA was significant (p =
0.048), and Tukey's test showed a significant decline
in the high-dose group compared to the untreated

group (p < 0.05).

FGF-b: There were no appreciable variations
across groups (p = 0.103), and expression levels stayed
mostly constant (0.96-0.92 fold).

BMP2: The expression decreased to 0.90 +

0.042 in the high-dose group. ANOVA

showed significance (p = 0.049), and Tukey's

test confirmed considerably decreased

expression in the high-dose group compared

to the untreated group (p < 0.05).

The relative expression of VEGF, TGF-$1,
FGF-b, and BMP2 is shown in Figure 2. Fold change
(mean + SD) of the data in relation to the untreated
control. FGF-b did not significantly change in the
high-dose group, whereas VEGF, TGF-B1, and BMP2
were considerably downregulated (p < 0.05).
Discussion

In comparison to untreated or control cells,
the novel pulp capping material investigated in this
work demonstrated exceptional cytocompatibility,
with cell viability surpassing 94% in all groups and no
statistically significant cytotoxicity. According to
earlier studies, materials based on calcium silicate are
better and more biocompatible than Ca(OH)., which
has been connected to cytotoxicity and insufficient
dentin bridges>%2¢

Our results corroborate earlier findings that
Biodentine and MTA preserve good pulp cell viability
and cause little cytotoxic reactions ®!822) In contrast,
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pulp irritation and leachable monomers have been
linked to resin-modified materials like TheraCal LC
2425 Qur innovative material's lack of cytotoxicity
suggests that it might be a safer option for direct pulp
contact applications.

This study's evaluation of growth factor
expression was a novel feature. At large doses of the
novel substance, VEGF, TGF-1, and BMP2 were
significantly downregulated (p < 0.05), while FGF-b
was unaffected. TGF-f1 and BMP2 control pulp cell
differentiation and matrix mineralization'>2!. VEGF is
essential for angiogenesis during reparative
dentinogenesis >%?°. Although fold changes stayed
within a small range (0.89—0.91), their downregulation
indicates a dose-dependent inhibitory impact. The
results show that nHALS@DXC may be a more
effective pulp capping agent than nHALS in terms of
lowering inflammation and stimulating dental pup
cells to improve pulp healing following damage.

These findings are in contrast to research on
MTA and Biodentine, which have been demonstrated
to increase pro-regenerative signaling and induce the
release of dentin matrix-bound growth factors>'322,
Within the pulp microenvironment, biodentine has the
ability to promote the development of human dental
pulp stem cells’>. The novel material's biological
neutrality could be an indication of a cautious cellular
reaction that is less stimulating of regeneration yet safe
for pulp survival. According to recent research,
because carbonated hydroxy apatite closely resembles
the mineral phase of real bone tissue, it provides a
more biomimetic environment for tissue regeneration
and repair. The purpose of this study is to ascertain
whether employing CHA as a pulp capping material in
VPT31 is practically feasible.

A pulp capping substance must first
guarantee pulp survival in a clinical setting. Strong
regeneration stimulation is ideal, but biocompatibility
and lack of cytotoxicity come first. The innovative
material is a potential candidate for biocompatible vital
pulp therapy because of its neutral biological profile,
which may lower the risk of pulp inflammation.
However, its capacity to actively promote dentin
bridge development may be restricted when compared
to materials like MTA and Biodentine >!8%2,
Limitations and Future Directions

This study's in vitro design, which is unable
to fully capture the intricacy of immune and vascular
responses in vivo, is one of its limitations.
Additionally, a wider network of signaling molecules
is involved in pulp repair, however the evaluation was
limited to four growth factors »*”-%, In vivo animal
models, comparative trials with MTA and Biodentine,
and broader gene expression analysis, including
indicators of inflammation and mineralization, should
all be part of future research. The importance of natural
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products in endodontic applications is shown by their
improved efficacy when compared to modern pulp
capping agents and the discovery of synergistic effects
in combined treatments.3°

Conclusion

Overall, the new pulp capping material showed good
biocompatibility and no negative effects, although at
higher dosages, it inhibited VEGF, TGF-B1, and
BMP2 in a mild, dose-dependent manner. These
results confirm that it is a biocompatible alternative to
critical pulp therapy. However, more research is
needed to demonstrate its potential for long-term
therapeutic effectiveness and regeneration.
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