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Introduction: Endocyn, a pH-neutral solution of hypo-
chlorous acid and hypochlorite has been developed for
use as an endodontic irrigant. The purpose of this study
was to evaluate the effect of Endocyn on human peri-
odontal ligament (PDL) fibroblasts, rat osteosarcoma
cells (UMR-106), and stem cells of the apical papilla
(SCAP) compared with other commonly used endodontic
irrigants. Methods: To determine cytotoxicity, cells
were exposed to various concentrations of Endocyn,
6% sodium hypochlorite (NaOCl), 17% EDTA, and 2%
chlorhexidine for 10 minutes, 1 hour, or 24 hours. Cell
survival was measured fluorescently using calcein AM.
Endocyn also was tested for its ability to inhibit SCAP
proliferation and alkaline phosphatase activity. Finally,
SCAP transcript expression was examined via reverse-
transcriptase polymerase chain reaction. Results: Endo-
cyn was no more toxic to PDL and UMR cells than water
for up to 24 hours. Endocyn concentrations of 50% were
toxic to SCAP after 1 hour of exposure. Endocyn concen-
trations of >20% inhibited SCAP proliferation, whereas
concentrations of =10% inhibited alkaline phosphatase
activity. Exposure of SCAP to 10% Endocyn for 3 days
did not alter most transcript expression, but did signifi-
cantly reduce the expression of alkaline phosphatase,
fibromodulin, and osteomodulin. Conclusion: Endocyn
was significantly less cytotoxic to PDL, UMR-106, and
SCAP cells compared with other commonly used end-
odontic irrigants. High concentrations of Endocyn did
inhibit some transcript expression and alkaline phospha-
tase activity, indicating a potential reduction in the
osteogenic potential of stems cells exposed to Endocyn.
(J Endod 2018;44:263-268)
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t is well established that

microorganisms are the
principal cause of end-
odontic disease (1-3),
thus the paramount goal
of endodontic treatment
is  their elimination.
Regenerative endodontics
is indicated for management of immature permanent teeth with pulpal necrosis. This
procedure is performed with the goal of allowing and promoting further root
development. This is accomplished by first disinfecting the canal space, and then
allowing the ingress of stem cells into that space. Those stems cells of the apical
papilla (SCAP) typically reside in close proximity to the root end and have exhibited
faster proliferation, and greater differentiation into odontoblast-like cells than other
dental stem cells (4, 5). SCAP survival during the disinfection process is essential to
the regenerative process (0). If these stem cells are exposed to standard irrigants or
medicaments, it may render them nonviable, less functional, or unable to migrate
appropriately to the needed site (7, 8). This creates a conundrum regarding one’s
ability to adequately disinfect the canal space while promoting the survival of native
cells, allowing regeneration to proceed. Sodium hypochlorite (NaOCI) has proven to
be an effective irrigant because of its ability to effectively disrupt microbial biofilms
(9) and dissolve necrotic tissue (10). However, a significant disadvantage of using
NaOCl is its toxicity to periodontal ligament (PDL) cells (11) and SCAPs, (7) and the
significant pain and morbidity involved when it is extruded beyond the confines of
the tooth (12). Chlorhexidine (CHX) is another endodontic irrigant that efficiently elim-
inates microorganisms but also negatively impacts PDL (11) and gingival fibroblasts
(13). An optimal irrigant for regenerative procedures would disinfect the canal space
while not harming human cells in the vicinity (6). It has been shown that 17% EDTA
promotes SCAP survival and attachment. In contrast, 2% CHX is detrimental to SCAP sur-
vival, and 6% NaOCl + EDTA decreased cell viability when compared with EDTA alone
(7). Unfortunately, the use of EDTA alone is not sufficient to consistently produce a dis-
infected canal (14). Other intracanal medicaments, such as triple- and double-
antibiotic pastes, were both detrimental to SCAP survival, whereas Ca(OH), promoted
SCAP survival and proliferation (8, 15). Thus, many root canal medicaments have been
demonstrated to be detrimental to SCAP and are therefore not suitable for regenerative
endodontics. The ideal endodontic irrigant would eliminate microorganisms but have
insignificant or no toxicity to healthy host cells (16).

Significance

Regenerative pulp therapy requires host stem cell
survival in the root canal. Most endodontic irrigants
are highly cytotoxic. Endocyn is less cytotoxic to
stem cells of the apical papilla and is better suited
for irrigation of teeth with open apexes.
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Endocyn is a super-oxidized solution, manufactured from pure
water and sodium chloride, shown to have antimicrobial properties
(17, 18). According to the manufacturer, through a proprietary
process, water and saltwater molecules are dissociated forming
hypochlorous acid and hypochlorite ions (19). Microcyn, which is
chemically similar to Endocyn, has been used as an antimicrobial
wound treatment and surface disinfectant with a wide antimicrobial
range in a hospital setting (18). Microcyn also has been shown to
have antimicrobial properties, while also being nontoxic to human
dermal fibroblast cultures when compared with hydrogen peroxide
(20). Tt is also reported to be an effective treatment for mildly infected
diabetic foot ulcers, with minimal adverse effects (21). Both Microcyn
and Endocyn contain water, hypochlorous acid, and sodium chloride.
However, Microcyn also contains NaOCl, whereas Endocyn also con-
tains sodium sulfate and monobasic sodium phosphate. Thus, these
solutions are similar, but not identical. Because Microcyn has shown
to be a useful disinfectant while exhibiting minimal effects on human
cells, Endocyn could potentially become a beneficial treatment in
pulpal regeneration. The purpose of this study was to compare cell
survival of PDL, osteosarcoma (UMR), and SCAP cells following expo-
sure to Endocyn versus other traditional endodontic irrigants. This
study also examined the effect of Endocyn on SCAP proliferation
and gene expression.

The SCAPs were obtained from Dr. Anibal Diogenes, Department
of Endodontics, University of Texas Health Science Center at San Anto-
nio. This SCAP cell line, RP-89, was derived from the apical papillae of a
mandibular third molar from a single donor. RP-89 has shown to pref-
erentially express and maintain mesenchymal stem cell markers in cul-
ture, coexpressing CD73, CD90, and CD105 in all passages evaluated.
(22). Expression of these molecular markers is considered the minimal
criteria for the identification of true mesenchymal stem cells (23). Cells
were maintained in minimum essential medium alpha (MEM«) con-
taining 10% fetal bovine serum (FBS) at 37°C and 5% CO, (Invitrogen,
GIBCO, Grand Island, NY).

Human PDL fibroblasts were obtained from patients with healthy
gingiva and no periodontal disease who underwent extraction at the
Department of Oral Surgery at the Louisiana State University School
of Dentistry, New Orleans, LA (24). All tissues were obtained from
subjects after informed written consent as prescribed in an approved
institutional review board protocol (#004826). Cells were main-
tained in MEM« containing 10% FBS at 37°C and 5% CO,. Cell lines
of rat osteosarcoma cells (UMR-106) were obtained from American
Type Culture Collection (ATCC-CRL-1661; Manassas, VA) and were
maintained in Dulbecco’s Modified Eagle’s Medium containing 10%
fetal calf serum and 200 U/mL penicillin and 200 mg/mL streptomycin
(Invitrogen, GIBCO). In all cases, cells were removed from polysty-
rene substrates using 0.25% trypsin before use in subsequent exper-
iments. Cells were centrifuged at 200g for 10 minutes, resuspended in
media containing 10% serum, and cell numbers verified by hemocy-
tometer.

Irrigants

Endocyn was obtained from Sonoma Pharmaceuticals, Inc
(formerly Oculus Innovative Sciences), Petaluma, CA. Sodium hypo-
chlorite (6% solution) and CHX (Vista-CHX Plus, 480) were pur-
chased from Inter-Med, Inc/Vista Dental Products, Racine, WI.
ETDA (17% solution) was purchased from Coltene/Whaledent, Inc,
Cuyahoga Falls, OH.
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Exposure to Irrigants

Cells were allowed to adhere for 24 hours to 48-well plates in
MEMa« containing 10% FBS. The cell media was then replaced with
fresh MEMa containing various dilutions of endodontic irrigant ob-
tained by diluting 6% NaOCl, distilled water, 2% CHX, 17% EDTA,
and Endocyn. MEM« alone served as a negative control. Following
exposure to the solutions for 10 minutes, 1 hour, or 24 hours, the cells
were treated with calcein AM for 1 hour to render live cells fluorescent.
Cells were rinsed twice with phosphate-buffered saline (PBS) and cell
viability was determined using a Synergy 2 plate reader (Biotek Instru-
ments, Inc, Winooski, VT), calibrated to measure fluorescence intensity
with filters appropriate for approximately 480-nm excitation and
approximately 520-nm emission. Values represent the means and stan-
dard deviations (SDs) of 8 samples (after subtraction of autofluores-
cence).

Cell Proliferation

SCAP cells were plated into 48-well tissue culture plate at
4000 cells in 200 uL in MEM, and allowed to adhere for 1 hour. Cells
were incubated for up to 9 days at 37°C and adherent cells were rinsed
with PBS and quantified fluorometrically using CyQuant fluorescent dye
(Molecular Probes, Eugene, OR) (25). Fluorescence was measured us-
ing a Synergy 2 plate reader (Biotek Instruments, Inc) with filters
appropriate for approximately 480-nm excitation and approximately
520-nm emission. Values represent the means and SDs of 8 samples (af-
ter subtraction of autofluorescence).

Alkaline Phosphatase Activity

SCAP cells exposed to Endocyn were assayed for alkaline phospha-
tase activity (25). Cells were plated into 48-well plates and exposed to
various concentrations of Endocyn for up to 9 days. Cells were rinsed 3
times in PBS and frozen to lyse cells. P-nitrophenol phosphate 1 mg/mL
in 0.1 M diethanolamine (pH 8.3) was added to each well (200 uL per
well) and incubated at 25°C for 30 minutes with gentle agitation. The
enzymatic color reaction was stopped by the addition of 500 uL
0.75 N NaOH, and assayed for 405-nm absorbance in a Biotek Synergy
2 plate reader (Biotek Instruments, Inc). Values represent the means
and SDs of 8 samples.

Comparison of Transcript Expression

Differential transcript expression was examined by reverse-
transcriptase polymerase chain reaction (PCR). Briefly, RNA was ex-
tracted from tissue and cell samples using Qiagen kits (Germantown,
MD) and gene expression determined by reverse-transcriptase PCR.
The number of cycles was chosen by creating a standard curve using
serial dilutions of DNA template known to include the genes in question,
and determining the PCR conditions that reveal twofold differences in
gene expression over 3 orders of magnitude. Twenty-five to 35 cycles
of PCR were chosen to be within the linear range of detection for all
of the genes examined. The primers for these studies were derived
from the published DNA sequences of human genes as described pre-
viously (24, 26).

Statistical Analysis

For quantitative analysis, 8 samples were averaged and the means
and SDs were compared with the control values for untreated cells.
Comparisons of experimental groups were performed via analysis of
variance where normality of the data was confirmed using the
Shapiro-Wilk normality test, with P < .05 considered to be significant.
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The null hypothesis is that Endocyn is as cytotoxic as NaOCl or other
endodontic irrigants.

Results

As anticipated, NaOCl and CHX were toxic to both PDL and UMR
cells (Fig. 1), with a loss of 80% viability after exposure for only 10 mi-
nutes (Fig. 14 and B), and virtually no cell survival after 1 hour of expo-
sure (Fig. 1C and D) at concentrations as low as 1%. In contrast,
distilled water did not alter cell viability up to concentrations of 50%.
Interestingly, Endocyn displayed no significant toxicity for these cells
up to 50% (P > .05). In contrast, EDTA solutions of 1% and 5% dis-
played intermediate toxicity to these cells when exposed for up to
1 hour (Fig. 1C and D). At 24 hours, cell viability was again reduced
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to nearly 0% (Fig. 1E and F). Thus, Endocyn was no more toxic to these
cells than was water.

In addition, Endocyn promoted better SCAP cell survival than tradi-
tional irrigants (Fig. 2). Endocyn, at concentrations of =20%, was not
significantly toxic to SCAP for all time periods (P > .05). Endocyn at
50% concentration showed slight but significant toxicity (P < .05) at 10 mi-
nutes with 80% SCAP survival (Fig. 24), 20% SCAP survival at 1 hour
(Fig. 2B), and 0% SCAP survival at 24 hours (Fig. 2C). Thus, Endocyn
was significantly less cytotoxic to SCAP cells than all of the other endodontic
irrigants tested, especially after a prolonged exposure of 24 hours.

Exposure of SCAP cells to Endocyn only significantly inhibited their
proliferation when the concentration was 50% Endocyn (Fig. 34). Simi-
larly, high doses of Endocyn inhibited SCAP cell alkaline phosphatase
activity (Fig. 3B). However, this became detectable only at
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Figure 1. PDL and UMR cell survival is greater with Endocyn than other endodontic irrigants. PDL (4, C, and E) and UMR cells (B, D, and F) were plated for
24 hours before exposure to various dilutions of Endocyn, hypochlorite, EDTA, CHX, and distilled water. Live, calcein AM—labeled cells were examined after contin-
uous treatment for 10 minutes (4 and B), 1 hour (C and D), and 24 hours (£ and F). Cell survival was measured fluorometrically, and the means and standard
deviations of 8 samples were compared. Significant differences from untreated control cell survival are indicated by asterisks, P < .05. CHX, chlorohexidine; NaOCl,

sodium hypochlorite; PDL, periodontal ligament, UMR, osteosarcoma cells.
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Figure 2. SCAP cell survival is greater with Endocyn than other endodontic
irrigants. SCAP cells were plated for 24 hours before exposure to various di-
lutions of Endocyn, hypochlorite, EDTA, CHX, and distilled water. Live, calcein
AM-labeled cells were examined after continuous treatment for 10 minutes
(4), 1 hour (B), and 24 hours (C). Cell survival was measured fluorometri-
cally, and the means and standard deviations of 8 samples were compared.
Significant differences from untreated control cell survival are indicated by as-
terisks, P < .05. CHX, chlorohexidine; NaOCl, sodium hypochlorite; SCAP, stem
cells of the apical papilla.

concentrations =10% and after 7 days of exposure. Thus, only high
doses of Endocyn appear to have detrimental effects on SCAP cells.
Furthermore, an examination of SCAP transcript expression (Fig. 4) re-
vealed that exposure with 10% Endocyn for 3 days significantly reduced
alkaline phosphatase and 2 small leucine-rich proteoglycans (fibromo-
dulin and osteomodulin) transcript expression. In contrast, Endocyn
exposure has no appreciable effect on collagen Type, integrin 81, peri-
ostin, osteoprotegerin, osteonidogen, transforming growth factor 81,
growth differentiation factor 5, bone morphogenetic protein 2, bone
morphogenetic protein 4, fibroblast growth factor 2, fibroblast growth
factor 5, connective tissue growth factor, or matrix metalloproteinase 2.
Thus, prolonged exposure to Endocyn selectively suppressed the
expression of only a minority of transcripts examined.

Discussion
In this study, Endocyn demonstrated significantly less cytotoxicity
to PDL, UMR-106, and SCAP cells compared with traditional endodontic
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Figure 3. Endocyn inhibited SCAP cell proliferation and alkaline phosphatase
activity at very high concentrations. SCAP cells were plated for 24 hours before
exposure to various dilutions of Endocyn for up to 9 days. Cell proliferation
(4) was measured fluorometrically using Cyquant and alkaline phosphatase
activity was measured colorimetrically using P-nitrophenol phosphate (B).
The means and standard deviations of 8 samples were compared. Significant
differences from untreated control cell survival are indicated by asterisks,
P < .05. SCAP, stem cells of the apical papilla.

irrigants. Endocyn reduced SCAP proliferation, alkaline phosphatase
activity, and expression of fibromodulin, and osteomodulin transcripts.
Fibromodulin and osteomodulin are small leucine-rich proteoglycans
expressed by dental pulp cells (27) and PDL cells (24) and are involved
in the fine architecture of the extracellular matrix (28, 29). However,
Endocyn did not alter the expression of most transcripts examined,
and therefore should be considered much less detrimental to these
stem cells that traditional irrigants.

Ideal properties for endodontic irrigants include antimicrobial ac-
tivity, the ability to dissolve necrotic tissue, to aid in the debridement of
the canal system, and be nontoxic to the periradicular tissues (30). An
ideal irrigant for regenerative procedures would disinfect the canal
space while not harming human cells in the vicinity (16, 31). In this
study, Endocyn proved to be less cytotoxic to SCAP than other tested
irrigants and could prove useful not just for the disinfection of
immature permanent teeth during regenerative procedures, but other
endodontic procedures as well.

The active ingredient in Endocyn is hypochlorous acid, which has
significant bactericidal activity due to its ability to penetrate bacterial cell
membranes resulting in protein degradation (32). If Endocyn demon-
strates the ability to eliminate microorganisms and disrupt microbial
biofilms, it may become an additional option for irrigation during
root canal therapy. Because of its relative nontoxicity, at low concentra-
tions, Endocyn may become a safe irrigant option in cases whereby
extrusion of irrigants is a concern, as in perforations or open apex
cases. It could also prove useful in the dental education setting, as a
safe alternative irrigant for clinicians with limited endodontic
experience.

This study examined only the percent cell survival and prolifera-
tion #n vitro for relatively short times (up to 9 days). Endocyn and
its long-term effect on SCAP would also need to be studied. Cell prolif-
eration, alkaline phosphatase activity, and expression of dentin-specific
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Figure 4. Endocyn selectively reduced SCAP expression of several osteogenic transcripts. SCAP cells were allowed to adhere for 24 hours before exposure to 10%
Endocyn (E) or control growth media (C). After 3 days of exposure, transcript expression was assayed using gene-specific primers and RT-PCR. Only the expression
of alkaline phosphatase, osteomodulin, and fibromodulin were inhibited by exposure to Endocyn. The ribosomal subunit (S15) was used as control for template
integrity. Alk Phos, alkaline phosphatase; BMP, bone morphogenetic protein; BSP, bone sialoprotein; CIGF, connective tissue growth factor; FGF, fibroblast growth
factor; GDF, growth differentiation factor; MMP, matrix metalloproteinase; RANKL, receptor activator of nuclear factor kappa-B ligand; RT-PCR, reverse-transcrip-
tase polymer chain reaction; TGF, transforming growth factor; SCAP, stem cells of the apical papilla.

proteins would show SCAP survival and also whether they would
continue to function properly.

Conclusion

Endocyn demonstrated less cytotoxicity to PDL, UMR-106, and
SCAP cells than other traditional endodontic irrigants. Further testing
regarding its ability to eliminate microorganisms, disrupt biofilms,
and dissolve tissue, and its interactions with current endodontic irri-
gants is necessary. With more research and continued demonstration
of ideal or beneficial irrigant properties, Endocyn, could become a
safe and effective alternative to traditional endodontic irrigation, espe-
cially for endodontic regenerative therapies as well as during the
training of undergraduate dental students.
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