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Abstract: Nitric oxide (NO) is a key messenger in physiological and pathological processes in
mammals. An excessive NO production is associated with pathological conditions underlying the
inflammation response as a trigger. Among others, dental pulp inflammation results from the invasion
of dentin by pathogenic bacteria. Vital functions of pulp mesenchymal stem cells (DPSCs, dental
pulp stem cells), such as mineralization, might be affected by the inducible NOS (iNOS) upregulation.
In this context, the iNOS selective inhibition can be considered an innovative therapeutic strategy to
counteract inflammation and to promote the regeneration of the dentin-pulp complex. The present
work aims at evaluating two acetamidines structurally related to the selective iNOS inhibitor 1400W,
namely CM544 and FAB1020, in a model of LPS-stimulated primary DPSCs. Our data reveal that
CM544 and even more FAB1020 are promising anti-inflammatory compounds, decreasing IL-6
secretion by enhancing CD73 expression-levels, a protein involved in innate immunity processes
and thus confirming an immunomodulatory role of DPSCs. In parallel, cell mineralization potential
is retained in the presence of compounds as well as VEGF secretion, and thus their angiogenetic
potential. Data presented lay the ground for further investigation on the anti-inflammatory potential
of acetamidines selectively targeting iNOS in a clinical context.

Keywords: dental pulp stem cells; differentiation; inducible Nitric Oxide Synthase; inflammation;
LPS; mineralization; nitric oxide; inhibitors; CD73; IL-6; VEGF

1. Introduction

The free radical nitric oxide (NO) is a ubiquitous molecular messenger which plays a
key role in various physiological as well as pathological processes in mammals, bacteria,
and plants. Low NO levels are generally associated with its homeostatic actions, which
include immune function, control of the vascular tone and platelet aggregation, modulation
of neurotransmission and memory [1]. Conversely, an excessive production of NO has been
shown to be involved in immunological disorders, pain, neurological diseases, atheroscle-
rosis, and cancer [2]. NO is endogenously synthesized by Nitric Oxide Synthases (NOSs), a
family of three isoenzymes, the constitutively expressed neuronal NOS (nNOS), endothelial
NOS (eNOS) and the inducible iNOS. In contrast to the constitutive NOS isoforms, the
inducible produces high NO levels for sustained time periods and its activity is calcium
independent. NO produced by iNOS proved to be crucial in nonspecific host defense and
innate immunity, being cytotoxic against pathogen as well as tumor cells [3]. However,
iNOS can promote a prolonged release of reactive nitrogen species (RNS), responsible
for the damage of a wide variety of biomolecules, causing NO-related inflammatory and
autoimmune diseases [4].

Dental pulp inflammation (pulpitis) results from the activation and interaction of host
immune processes in response to physiochemical stimuli or both Gram-positive and Gram-
negative bacteria and their toxins. The invasion of dentin by pathogenic bacteria, releasing

Int. J. Mol. Sci. 2022, 23, 14560. https://doi.org/10.3390/ijms232314560 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms232314560
https://doi.org/10.3390/ijms232314560
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0002-8282-8535
https://orcid.org/0000-0003-3332-993X
https://orcid.org/0000-0003-1705-6943
https://orcid.org/0000-0003-2957-8650
https://orcid.org/0000-0002-2283-4159
https://doi.org/10.3390/ijms232314560
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms232314560?type=check_update&version=1


Int. J. Mol. Sci. 2022, 23, 14560 2 of 12

their products across dentinal tubules, triggers the activation of innate immune responses
in the dental pulp complex. These responses are mediated by Toll-like receptors (TLR) on
the surface of cells of the dental pulp such as odontoblasts, pulp fibroblasts, dendritic cells
and macrophages [5]. The TLR-binding starts the NF-κB (nuclear factor-κB)-dependent
signaling cascade which is regulated by reactive oxygen (ROS) or RNS, such as hydrogen
peroxide or NO produced by the iNOS [6,7]. The production of NO or RNS species serves
to induce killing or stasis of the invading microorganisms, but an excessive stimulation
of NO synthesis triggered by iNOS may also lead to cytotoxicity towards the host tissues,
mediating the pathological effects of cytokines and pro-inflammatory enzymes [8]. Resident
mesenchymal stem cells inside the dental pulp, i.e., dental pulp stem cells (DPSCs), are
vulnerable to bacterial product-triggered infections and respond by secreting inflammatory
mediators and with dysregulated mineralization [9]. It has been recently reported that both
these processes might be prone to a disturbance of the redox homeostasis, and oxidative
and nitrosative stress can influence vital functions of human dental pulp cells and their
mineralization potential [10].

Based on its critical role in DPSCs, the modulation of iNOS has been proposed as
a valuable strategy to prevent the irreversible damage to the dental pulp tissue and to
promote the regeneration of dentin-pulp complex [11,12]. However, only few studies
have been published to date, which mainly investigated the effects of unselective, or toxic,
iNOS inhibitors. Moreover, inside the dental pulp tissue, endogenous NO is generated
mainly by immunocompetent cells and dental pulp cells, and mediates not only inflam-
matory/immune activities, but also signaling cascades that regulate tissue repair and
reconstruction, indicating its involvement in both tissue destruction and regeneration [11].
Basically, controlled, low levels of NO derived from the constitutive NOSs, mainly the
eNOS, are essential under dental pulp physiological conditions, given the role played
by NO in angiogenesis, tissue regeneration and perfusion [7,13]. As a consequence, it is
essential not to inhibit the constitutive NOS when targeting the iNOS.

Different NOS inhibitors have been published in the last thirty years [14], but none of
them have passed clinical trials. Therefore, there is still a need for safe molecules with ap-
propriate tailored selectivity toward the inducible isoform. In this research context we have
previously disclosed the acetamidines CM544 and FAB1020, which are two compounds
structurally related to the iNOS inhibitor 1400W (Figure 1) [15,16]. These two acetamidines
inhibit the iNOS with high potency and selectivity of action with respect to the constitu-
tive NOSs, and, remarkably, they showed an ameliorated biological profile as anticancer,
neuroprotective and immunomodulatory agents, in comparison with 1400W [17–19]. The
lipophilicity of CM544 and FAB1020 also appears somewhat increased with respect to the
very polar and poorly cell-permeable 1400W (Table 1).
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Figure 1. Chemical structure of iNOS inhibitors.

Table 1. IC50 values and physico-chemical parameters of selected iNOS inhibitors.

Cpd iNOS IC50 (nM) eNOS/iNOS Selectivity logP * TPSA *

1400W 81 3800 1.06 61.90
CM544 56 4569 1.31 68.22

FAB1020 11 >900 2.70 64.98
* Calculated by the SwissADME online software (http://www.swissadme.ch).

http://www.swissadme.ch
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Considering the close link between inflammation and the induction of regenerative
processes in the dental pulp, as well as the lack of pre-clinical data on the potential ther-
apeutic role that selective iNOS inhibitors might play in in vitro models of pulpitis, this
work aims at studying the effects played by the two promising compounds CM544 and
FAB1020 in LPS-stimulated DPSCs compared to the well-known iNOS inhibitor 1400W in
terms of cytotoxicity and cell responses towards inflammation. Moreover, the capability
of these molecules in recovering the mineralization process and enhancing angiogenesis
under inflammatory conditions was investigated.

2. Results and Discussion

Dental pulp cells interact with immunogenic components such as LPS (lipopolysac-
charide) from deep infiltrating carious lesions, and pulp inflammation occurs. Under
inflammation, the secretion of cytokines triggered by bacterial products may influence
the mineralization potential of mesenchymal stem cells inside the dental pulp (DPSCs).
In particular, the LPS-stimulated iNOS induction might have detrimental effects in terms
of vital functions of pulp cells such as mineralization, neurogenesis, angiogenesis and
neurovascular inductive activity [20], and lead to oxidative/nitrosative stress-induced
cell apoptosis [6]. In this light, a selective iNOS inhibition might be beneficial to coun-
teract inflammation in DPSCs. With this aim, a cell model of LPS-stimulated DPSCs was
established and the effects of two newly synthetized selective iNOS inhibitors selected
from previous investigations [17,18] were evaluated in terms of cytotoxicity, mineralization
occurrence, inflammation markers and VEGF secretion. The concentrations used in the
present study were chosen based on previously obtained results on human monocytes and
pulp cells. In that context, all the concentrations tested were ineffective on DPSCs after 24
and 72 h, whereas doses higher than 50 µM caused cytotoxicity to human monocytes. For
this reason and because compounds were here used for up to 21 days, we decided to use
concentrations not higher than 50 µM [18].

To test the biocompatibility of the newly synthetized iNOS inhibitors on DPSCs,
inflamed or not, a cytotoxicity assay was performed after early (3 days) and longer exposure
times (21 days) and results were compared to those obtained from a 1400W exposure. After
3 days, DPSCs assessed as control (DM) weakly secrete LDH under osteogenic conditions
independently from LPS (around 20% of the lysed positive control). Likewise, when the
1400W is added to cultures, LDH values are comparable to those of the control sample. In
LPS-stimulated DPSCs in the presence of CM544, a significant LDH decrease is registered
already at 12.5 µM and it is even more amplified at 50 µM. When the FAB1020 inhibitor is
added to cultures, the LDH is slightly secreted both when the LPS is present or not. After
21 days of exposure, the LDH released in LPS-stimulated cells is doubled (64.9%) with
respect to the DM alone (29.3%). The 1400W and CM544 inhibitors seem to be cytotoxic in a
dose-dependent manner when cells are not stimulated with LPS, the LDH leakage assessed
at 41.9% and 49.2% for both compounds at the maximum concentration of 50 µM. On the
contrary, they can counteract the LPS-induced cytotoxicity, but this effect is independent of
the concentration (about 48% for both compounds at all the concentration tested). On the
other hand, FAB1020 significantly decreases cytotoxicity both when the LPS is present or
not. More in details, a dose-dependent decrease of secreted LDH is registered up to values
comparable with the DM control at 50 µM (26%) without LPS. Contrariwise, when DPSCs
are LPS-stimulated, values of LDH are comparable with those in the presence of 1400W
and CM544 (Figure 2).
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Figure 2. Cytotoxicity in DPSCs after 3 and 21 days. Bar graphs show the LDH released from cells
under non-inflammatory (0 µg/mL LPS) and pro-inflammatory conditions (0.1 µg/mL LPS) in an
osteogenic environment (DM) in the presence of increasing concentrations of inhibitors (12.5–50 µM).
A lysed sample was set as positive lysed control (100%, not shown). DM = differentiation medium.
a = p < 0.01; b = p < 0.001; c = p ≤ 0.0001 between samples and DM. d = p < 0.01; e = p < 0.001;
f = p ≤ 0.0001 between samples and DM + LPS. g = p < 0.01; h = p < 0.001; i = p ≤ 0.0001 between
samples and 1400W in the same experimental conditions. l = p < 0.01; n = p≤ 0.0001 between samples
and CM544 in the same experimental conditions.

Once the biological activity of the selected iNOS inhibitors had been assessed, to
investigate the occurrence of the extracellular matrix mineralization, the Alizarin Red
staining was performed in all the experimental conditions after 21 days of exposure
(Figures 3A and 4A). In parallel, the expression of the stemness-related marker CD90 was
assessed by immunophenotyping (Figures 3B and 4B). The dental pulp contains mesenchy-
mal stem cells (MSCs) which express associated markers. Remarkable expression-levels of
CD90, CD73, CD105 and CD29 represent the minimal criteria for defining a multipotent
mesenchymal stromal cell [21]. It has been already reported that a DPSC exposure to
compounds able to act on the antioxidant molecular machinery can modulate CD marker
expression and can be crucial in the MSC fate decision in terms of cell stemness loss in favor
of modulation of osteogenic gene expression and mineralization occurrence [10]. In particu-
lar, the decreased expression of the GPI-anchored cell surface protein CD90 has been linked
to the enhancement of the MSC osteogenic differentiation in vitro [22,23]. In our experi-
mental model, under osteogenic conditions and in the absence of LPS (Figure 3A), a strong
increase in clusters of calcium and phosphate salts can be observed in all the experimental
conditions, mainly in the presence of CM544 and even more in the presence of FAB1020
(white arrows). In parallel, expression-levels of CD90 after 3 days of culture (Figure 3B)
decrease in a dose-dependent manner in the presence of 1400W (MFI at 50 µM = 289) with
respect to the DM sample (MFI = 328). The addition of CM544 to cultures already enhances
the CD90 fall at 12.5 µM (MFI = 268). In the presence of FAB1020, the MFIs related to CD90
are very low, independently of the inhibitor concentration, being all assessed around 200.
In the presence of a low concentration of LPS, DPSCs retain their capacity to mineralize,
as shown in Figure 4A. As for their non-inflamed counterpart, clusters of calcium and
phosphate salts can be observed in all the experimental conditions, mainly in the presence
of CM544 and FAB1020. Expression-levels of CD90 (Figure 4B) are also decreased dose-
dependently in the presence of CM544 and independently from the concentrations when
the FAB1020 is present. It is therefore plausible to assume that the observations reported for



Int. J. Mol. Sci. 2022, 23, 14560 5 of 12

LPS-stimulated DPSCs in the presence of several antioxidants [10], or rather the stimulation
with a low LPS concentration, does not affect the mineralization capacity of pulp cells, are
strongly validated. It has already been reported that low concentrations of NO stimulate
odontogenic differentiation [24], and LPS is known to be an enhancer in NO production
through NfκB activation [25]. In parallel, an exaggerated NFκB activation through massive
NO generation produced through the iNOS upregulation has been reported to weaken
MSC differentiation [26]. In the presence of the 1400W inhibitor, despite its selective effect
on the iNOS enzyme, to less extent in the extracellular cell matrix (ECM) mineralization
can be detected with respect to CM544 and FAB1020, independently from LPS. This could
be related to the higher polarity of 1400W with respect to the other two compounds, as
reported in Table 1, which might impair its cell permeation and thus imply a prolonged
lag-time before the onset of the biological effect, as previously observed [16].
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Figure 3. Mineralization occurrence in DPSCs in the presence of iNOS inhibitors. (A) Imaging of cell
cultures in situ after staining with Alizarin Red. Cells were exposed to increasing concentrations of
inhibitors (12.5–50 µM) without LPS for 21 days. DM = differentiation medium. Scale bar = 100 µm.
White arrows indicate calcium nodules. (B) The bar graph shows the mean fluorescence intensity
(MFI) related to the surface marker CD90 in an osteogenic environment (DM) in the presence of
increasing concentrations of inhibitors (12.5–50 µM) without LPS after 3 days of exposure. Values
are presented as the means ± standard deviations summarized from individual samples in three
independent experiments (n = 6). DM = differentiation medium. a = p < 0.01; c = p ≤ 0.0001
between samples and DM. i = p ≤ 0.0001 between samples and 1400W in the same experimental
conditions. n = p ≤ 0.0001 between samples and CM544 in the same experimental conditions.
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spect to the DM alone (0.3 pg/mL) in our experimental model (Figure 5A). When increas-
ing concentrations of 1400W were administered, a strong dose-dependent decrease of IL-
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Figure 4. Mineralization occurrence in inflamed DPSCs in the presence of iNOS inhibitors. (A) Imag-
ing of cell cultures in situ after staining with Alizarin Red. Cells were exposed to increasing concen-
trations of inhibitors (12.5–50 µM) in the presence of LPS in the differentiation medium for 21 days.
Scale bar = 100 µm. White arrows indicate calcium nodules. (B) The bar graph shows the mean
fluorescence intensity (MFI) related to the surface marker CD90 in an osteogenic environment (DM) in
the presence of increasing concentrations of inhibitors (12.5–50 µM) and LPS after 3 days of exposure.
Values are presented as the means ± standard deviations summarized from individual samples in
three independent experiments (n = 6). f = p ≤ 0.0001 between samples and DM + LPS. i = p ≤ 0.0001
between samples and 1400W in the same experimental conditions. n = p ≤ 0.0001 between samples
and CM544 in the same experimental conditions.

In assessing the effects of the three selective iNOS inhibitors on the DPSC mineraliza-
tion capacity after long exposure times (21 days), markers of inflammation were measured
earlier (3 days), to investigate whether the biological effects assessed in terms of miner-
alization might be related to the anti-inflammatory response triggered by the selected
compounds. Firstly, the IL-6 secretion was analyzed (Figure 5A), as this interleukin is
gaining increasing interest owing to its dual role, both in inflammation and in odontogenic
differentiation, highlighting the possibility of an MSC-mediated immunoregulation [27].
Moreover, expression-levels of the ecto-5′nucleotidase (CD73) were measured (Figure 5B).
Beyond its widely reported role in MSC osteoblastic/odontoblastic differentiation [28], the
enzymatic activity of CD73 plays a strategic role in calibrating the duration, magnitude and
chemical nature of purinergic signals delivered to immune cells through the conversion of
ADP/ATP to AMP and AMP to adenosine, respectively [29]. It was reported that the CD73-
triggered signal stimulates a shift from an ATP-driven pro-inflammatory environment
to an anti-inflammatory niche induced by adenosine [30]. As expected, a LPS exposure
dramatically increases the secretion of IL-6 (35.6 pg/mL) from DPSCs with respect to the
DM alone (0.3 pg/mL) in our experimental model (Figure 5A). When increasing concentra-
tions of 1400W were administered, a strong dose-dependent decrease of IL-6 secretion is
registered (10.1 pg/mL at 50 µM). Notably, in the presence of CM544 and FAB1020, IL-6
secretion is already slightly detected at 12.5 µM (10.1 pg/mL and 8.2 pg/mL, respectively).
In parallel, CD73 is upregulated in all the experimental conditions with respect to DM
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(MFI = 143.6) and LPS alone (MFI = 115.2). In more detail, in the presence of 1400W and
LPS, MFIs related to CD73 are significantly higher than those of the control sample (MFI at
25 µM = 167.1) but to a lesser extent than in the presence of CM544 and FAB1020 (MFIs at
25 µM = 272.4 and 291.2, respectively). It is therefore plausible to speculate that the decrease
in IL-6 secretion under LPS-induced pro-inflammatory conditions might be triggered by
the CD73, its expression-levels being increased when the IL-6 is weakly secreted. Moreover,
this intriguing observation seems to confirm the proposed role in immunomodulation for
DPSCs and in general for MSCs.
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Figure 5. Markers of inflammation in DPSCs after 3 days in the presence of iNOS inhibitors. (A) Bars
represent mean values± standard deviations combined from independent experiments (n = 4) related
to the secretion of interleukin-6 (IL-6) as pg/mL. (B) The bar graph shows the mean fluorescence
intensity (MFI) related to the surface marker CD73. Values are presented as the means ± stan-
dard deviations summarized from individual samples in three independent experiments (n = 6).
c = p ≤ 0.0001 between samples and DM. f = p ≤ 0.0001 between samples and DM + LPS. g = p < 0.01;
h = p < 0.001; i = p ≤ 0.0001 between samples and 1400W in the same experimental conditions.
l = p < 0.01; n = p ≤ 0.0001 between samples and CM544 in the same experimental conditions.

DPSCs exist in the vessel microenvironment in vivo and have a close association
with endothelial cells. It has been reported that these cells have a mutual effect on each
other, because MSC-induced promotion of tooth regeneration is highly associated with
increased angiogenesis, which promotes cell migration and growth factor delivery to the
injured site [31,32]. Against this background the secretion of VEGF was measured in all
the experimental conditions (Figure 6). In vivo transplantation studies have shown that
silencing VEGFR-2 hampers odontoblastic differentiation of DPSCs [33]. Hardly detectable,
and thus insignificant, fluctuations can be observed in the presence of 1400W and CM544
with respect to the control samples, independently from LPS. On the contrary, FAB1020
slightly but significantly increases VEGF secretion, mainly in the presence of LPS. These
findings are in line with the well-known role of NO in both physiological and pathological
angiogenesis [34] and with the fact that a correct modulation of NO production, due
to a regulated balance among the three-isoform activity, is necessary for physiological
osteogenesis [35].
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and DM. f = p ≤ 0.0001 between samples and DM + LPS.

3. Materials and Methods
3.1. Synthesis of iNOS Inhibitors

The two selective iNOS inhibitors CM544 and FAB1020 were synthesized, purified,
and characterized as previously reported [15,16]. 1400W was purchased from Merck
(Darmstadt, Germany). Compounds were stored at −20 ◦C.

3.2. Cell Culture

Dental Pulp Stem Cells (DPSCs) were purchased from Lonza (Lonza Group Ltd., Basel,
Switzerland) and sub-cultured in the presence of α-MEM medium (Merck, Darmstadt,
Germany) supplemented by 10% FBS and 1% penicillin/streptomycin (Euroclone S.p.A.,
Milan, Italy) at 37 ◦C and 5% CO2 up to passage 5.

3.3. Establishment of Pro-Inflammatory Conditions and Cell Exposures to Inhibitors

DPSCs from routine culture were seeded as passage 6 in complete α-MEM and incu-
bated for 48 h at 37 ◦C and 5% CO2. After that, cells were stimulated by Lipopolysaccharide
(LPS from E. coli, Merck, Darmstadt, Germany) 0.1 µg/mL to establish an inflamed envi-
ronment. In parallel, DPSCs were exposed to the iNOS inhibitors 1400W or CM544 (stock
solutions 50 mM in deionized water) or FAB1020 (stock solution 50 mM in DMSO) at 12.5,
25 and 50 µM, with or without LPS. All the exposures were performed under odontogenic
conditions by diluting the LPS and compounds in complete α-MEM supplemented with
10 nM dexamethasone, 10 mM β-glycerophosphate and 50 µg/mL ascorbic acid (all from
Merck, Darmstadt, Germany) as described elsewhere [10]. Fresh exposure media were
provided every 72 h.

3.4. Lactate Dehydrogenase (LDH) Release

Cells from routine culture were seeded (7 × 103/well; 96-well plates) in 200 µL of
routine culture medium (complete α-MEM) and incubated for 48 h at 37 ◦C and 5% CO2.
Next, cells were treated as described previously in this section for up to 21 days. To quantify
cytotoxicity after 3 and 21 days, supernatants were harvested, kept on ice, and the CytoTox
96® Non-Radioactive Assay (Promega Corporation, Fitchburg, WI, USA) was performed as
already reported [36]. The assay quantitatively measures LDH, a stable cytosolic enzyme
that is released upon cell lysis. The maximum LDH release control (positive control) was
obtained by adding a lysis solution in a well containing untreated DPSCs and processing
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the obtained supernatant as for the other experimental conditions. The optical density
(O.D.) was measured at 490 and 690 nm by means of a multiscan GO microplate spec-
trophotometer (Thermo Fisher Scientific, Waltham, MA, USA) and the obtained O.D. were
normalized with that related to the positive control (lysed cells). Assessment of cytotoxicity
was calculated according to the formula: %LDH released = [(A − B)/(C − B)] × 100, with
A = LDH activity of sample, B = LDH activity of untreated cells and C = LDH activity of
the positive lysed control.

3.5. Interleukin-6 Release

Absolute amounts of IL-6 (pg/mL) were quantified in cell culture supernatants from
the same wells used for the LDH assay after 3 days of exposure using a commercial ELISA
kit (Enzo Life Sciences Inc, Lausen, Switzerland) as reported previously [18]. Cytokine con-
centrations were calculated from standard curves using the Prism5 software 5.0 (GraphPad,
San Diego, CA, USA). Individual values obtained from independent experiments (n = 4)
were summarized as means and standard deviations.

3.6. Immunophenotype In Vitro by Flow Cytometry

The expression of surface markers in DPSCs was analyzed by flow cytometry. Cells
from routine cultures were seeded (5 × 104/well) in 3 mL of complete α-MEM medium in
6-well plates and then they were let to adhere for 48 h. After exposures for 3 days, cells
were harvested and incubated with fluorochrome-conjugated antibodies (1:50 dilutions),
namely anti-human cluster of differentiation (CD)90-FITC (BD Biosciences, San Diego, CA,
USA) and CD73-PE (R & D Systems, Minneapolis, MN, USA) monoclonal antibodies as
reported previously [23]. Relative fluorescence emissions of gated cells by forward and
side scatter properties (FSC/SSC) were analyzed with the CytExpert software 2.3 (Beckman
Coulter, CA, USA) and expressed as mean fluorescence intensities (MFIs). Individual
values obtained from independent experiments (n = 6) were summarized as means and
standard deviations.

3.7. Extracellular Matrix Mineralization (Alizarin Red Staining)

Cells from routine culture were seeded (5 × 104/well) in 3 mL of complete α-MEM
medium in 6-well plates and then let to adhere for 48 h. Then, the cultures were treated
as described above. The exposure of cultures was stopped after 21 days by discarding the
exposure media. Then, the calcium precipitation was detected after Alizarin red staining of
cell cultures following an established procedure [37].

3.8. ELISA Analysis of VEGF Secretion

After 21 days of treatment, cell supernatants were collected from the 6-well plate used
for the alizarin red staining. The VEGF ELISA kit (Enzo Life Sciences, Farmingdale, NY,
USA) was used to perform a quantitative determination (pg/mL) of human VEGF released
in the medium following the manufacturer’s instructions. VEGF values were obtained by
using a standard curve generated with specific standards, provided by the manufacturer.
Individual values obtained from independent experiments (n = 4) were summarized as
means and standard deviations.

3.9. Statistics

Statistical analysis was performed using the GraphPad 5.0 software (GraphPad Soft-
ware, San Diego, CA, USA), by means of a t-test and ordinary one-way ANOVA, followed
by post hoc Tukey’s multiple comparisons tests. Values of p < 0.05 were considered statisti-
cally significant.

4. Conclusions

The present work investigates the effects of two newly synthetized selective iNOS
inhibitors, namely CM544 and FAB1020, in a cell model of human DPSCs stimulated by
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LPS to induce an inflamed environment. Our results were compared to those obtained
in the presence of 1400W, a known selective iNOS inhibitor. The investigation context is
intriguing, considering the close link between inflammation and the induction of regen-
erative processes in the dental pulp. In parallel, this investigation is innovative, due to
the lack of pre-clinical data on the potential therapeutic role that selective iNOS inhibitors
might play in in vitro models of pulpitis. Our results reveal that CM544, and even more
FAB1020, are effective in decreasing the inflammatory response in DPSCs, by impairing
IL-6 secretion and upregulating the MSC marker CD73, an ecto-5′nucleotidase which also
has several key functions in cell responses towards inflammation, associated with the
shift from an ATP-driven pro-inflammatory environment to an anti-inflammatory niche
induced by adenosine. In parallel, the ECM mineralization is retained and further increased
in the presence of the two inhibitors, with respect to 1400 W. Data reported confirm the
effectiveness of CM544 and FAB1020 and their ameliorated biological profile with respect
to 1400 W. Moreover, by exposing cells to these compounds, knowledge of the biology
of DPSCs has been improved, confirming their active role not only in odontogenesis but
also in immunomodulation and cell responses towards inflammation. This study lays the
ground for future investigations about the role of NO in the dental pulp complex and in
cells at the dentin–pulp interface. Moreover, the function of MSCs in the dental pulp as
cells modulating immunity under pathogenic stimuli or stressor exposition is worthy of
investigation in detail. Based on their effectiveness in the present experimental model, the
iNOS selective inhibitors here tested could be studied in cell models of regeneration or in a
tissue engineering context.
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