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ABSTRACT
The present study investigates the direct action of 5-methoxytryptophol (5-MTX) in bothMC3T3-E1 and RAW264.7 cells and compares it with
melatonin (MEL), another 5-methoxyindol known to play a significant role on bone metabolism. We first screened increasing doses of both 5-
MTX and MEL to determine their effect on metabolic activity and viability of preosteoblastic MC3T3-E1 cells. The optimal dose was used to
determine its effect on differentiation ofMC3T3-E1 cells and preosteoclastic RAW264.7 cells. Finally, we investigated themechanism of action
by adding the melatonin receptor antagonist luzindole (LUZ) and detecting the immunostaining of phospho-ERK. In MC3T3-E1 cells, most of
the 5-MTX doses reduced slightly the metabolic activity of osteoblasts compared with the control, while MEL only decreased it for the highest
dose (2.5mM). As regards to cytotoxicity, low doses (0.001–0.1mM) of both indoles showed a protective effect on osteoblasts, while the highest
dose of MEL showed a higher cytotoxicity than the 5-MTX one. After 14 days of cell culture, RanklmRNA levels were decreased, especially for
5-MTX. 5-MTX also induced a higher osteocalcin secretion and mineralization capacity than MEL. In RAW264.7 cells, 5-MTX decreased the
number of osteoclast formed and its activitywhereasMEL did not affect significantly the number ofmultinucleated TRAP-positive cells formed
and showed a lower activity. Finally, MEL and 5-MTX promoted activation of the ERK1/2 pathway through the phosphorylation of ERK, while
LUZ addition suppressed this effect. In conclusion, the present study demonstrates a new role of 5-MTX inhibiting osteoclastogenesis and
promoting osteoblast differentiation. J. Cell. Biochem. 116: 551–558, 2015. © 2014 Wiley Periodicals, Inc.
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Melatonin (MEL) is the main product synthesized from
serotonin in the pineal gland. The role of MEL involves

numerous processes such as the regulation of circadian rhythms
[Redman et al., 1983], reproduction [Reiter et al., 2009], sexual
development [Guyomarc0h et al., 2001], immune system [Liebmann
et al., 1997] and aging [Karasek and Reiter, 2002]. MEL levels decline
with ageand its availability to the organismis lower in the elderly than
in the youth [Iguchi et al., 1982; Mishima et al., 2001]. Consequently,
age-related disorders, such as osteoporosis and deficient implant
osseointegration issues, are suspected to be affected by the decrease in
MEL secretion. In fact, MEL has been demonstrated to affect bone
metabolism through both bone anabolic as well as antiresorptive
effects, as reviewed in [Cardinali et al., 2003; López-Martínez et al.,
2012; Liu et al., 2013]. Moreover, many authors have suggested
potential beneficial effects of MEL on periodontal regeneration or in
dental implantology [Carrillo-Vico et al., 2005; Cutando et al., 2007;
Gomez-Moreno et al., 2010; Gómez-Florit et al., 2013].

5-methoxytryptophol (5-MTX), another 5-methoxyindole com-
pound synthesized by the pineal gland, is involved in numerous
biological actions as recently reviewed in [Ouzir et al., 2013]. Thus,
this compound regulates the biological rhythms and the reproduc-
tive behavior of several animal species, including humans. In
addition, 5-MTX is a matter of high clinical relevance since it has
been described as pro- or antigonadotropic hormone according to
species [Balemans et al., 1977; Sackman et al., 1977], as a potent
supplement in the treatment of cancer [Lissoni et al., 1997; Lissoni
et al., 2000], as antioxidant [García et al., 2000; Rodriguez-Naranjo
et al., 2012] and as immunomodulatory agent [Lissoni et al., 1996].
However, there is no data to date regarding its role in bone
metabolism. 5-MTX is one of the methoxyindoles with potential to
scavenge free radicals and with antioxidant activity [García et al.,
2000]. Indeed, several indole derivatives related to MEL have been
described to play a similar role by preventing oxidative damage
in vitro [Poeggeler et al., 1996]. The properties of these indoles as free
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radical scavengers or antioxidants are probably due to their
similar molecular structure, but they show variable effectiveness
and potency depending on the presence of additional substituents
and changes in their position, which can modify their solubility and
affinity.

In our search for new therapeutic agents for bone regeneration, we
evaluated 5-MTX as a potential agent for regulating osteoblast and
osteoclast cell function. Thus, the aim of the present study was to
investigate the action of 5-MTX on bone metabolism, by assessing its
direct action in bothMC3T3-E1 and RAW264.7 cells. First, increasing
concentrations (0.001–2.5mM) of 5-MTX were used in MC3T3-E1
osteoblasts to investigate their effect on metabolic activity, cell
viability and gene expression of markers related to osteoclast
activation. Then, the optimum dose of 5-MTX (0.1mM) was further
evaluated inMC3T3-E1 cells for its effect on osteocalcin secretion and
mineralization capacity. Finally, RAW264.7 macrophages were used
to investigate the effect of 5-MTX on osteoclastogenesis. Given the
conclusive effects on bone metabolism of MEL in vitro [Nakade et al.,
1999; Roth et al., 1999; Koyama et al., 2002] and in vivo [Roth et al.,
1999; Ladizesky et al., 2001; Koyama et al., 2002; Satomura et al.,
2007; Uslu et al., 2007; Clafshenkel et al., 2012; Histing et al., 2012;
Ramirez-Fernandez et al., 2013], the effects of 5-MTXwere compared
to those of MEL. Our results clearly indicate for the first time that 5-
MTX has a stronger effect in vitro than MEL in terms of stimulating
osteoblast differentiation and decreasing osteoclastogenesis.

EXPERIMENTAL PROCEDURES

TREATMENTS
All chemical reagents were of the purest available quality obtainable
from commercial sources. 5-MTX and MEL were purchased from
Sigma–Aldrich (Madrid, Spain) and dissolved in absolute ethanol
(Scharlab, Barcelona, Spain). Final concentration of ethanol (0.9%)
was included as vehicle control group in the experiments.

CELL CULTURE OF MC3T3-E1 CELLS
MC3T3-E1 cells (DSMZ, Braunschweig, Germany) were routinely
cultured at 37°C in a humidified atmosphere of 5% CO2, and
maintained in the growing medium a-MEM (Pasching, Austria),
which contains ascorbic acid (45mg/ml) and sodium dihydrogen
phosphate (140mg/l) supplemented with 10% fetal bovine serum
(FBS, PAA Laboratories) and antibiotics (100 IU penicillin/ml and
100mg streptomycin/ml).

Cells were seeded in 48-well plates at a density of 3.0� 104 cells/
cm2. At confluence, cells were treated with different doses (ranging
from 0.001 to 2.5mM) of 5-MTX andMEL. Treatments were added at
each medium change every other day.

DETERMINATION OF METABOLIC ACTIVITY AND CYTOTOXICITY
MC3T3-E1 cells were seeded at a density of 6.2� 103 cells/cm2 and
cultured for 24 h. After cell attachment, culture medium was
changed and different doses of MEL and 5-MTX were added. Total
metabolic activity was quantified using Presto Blue reagent (Life
Technologies, Carlsbad, CA) following manufacturer0s protocols and
1 h of incubation time.

The presence of LDH activity in the culture medium after 48 h of
incubation was used as an index of cell death. LDH activity was
determined spectrophotometrically according to the manufacturer0s
kit instructions (Cytotoxicity Detection kit, Roche Diagnostics,
Mannheim, Germany). Positive control was cell culture medium
from cells incubated with Triton X-100 at 1%. Negative control was
cell culture medium from cells incubated with the vehicle control.

RNA ISOLATION, RETROTRANSCRIPTION AND REAL-TIME PCR
ANALYSIS
Total RNAwas isolated fromMC3T3-E1 and RAW264.7 cells after 14
and 5 days of cell culture, respectively, using a monophasic solution
of phenol and guanidine isothiocyanate (Tripure, Roche Diagnostics,
Mannheim, Germany) according to the manufacturer0s protocol.
Total RNA was quantified at 260 nm using a Nanodrop spectropho-
tometer (NanoDrop Technologies, Wilmington, DE). The same
amount of total RNA from each sample was reverse transcribed to
cDNA using High Capacity RNA-to-cDNA kit (Applied Biosystems,
Foster City, CA) according to the protocol of the supplier.

Real-time RT-PCR was performed for two reference genes in both
cell lines: 18S ribosomal RNA (18S rRNA), glyceraldehyde-3-
phosphate dehydrogenase (Gapdh). For MC3T3-E1 cells, two target
genes were analyzed: Receptor activator of nuclear factor kappa-B
ligand (Rankl) and Osteoprogeterin (Opg). For RAW264.7 cells, 3
target genes were analyzed: Tartrate resistant acid phosphatase
(Trap), Metalloproteinase-9 (Mmp-9) and Cathepsin K (CtsK). The
reactions were performed in the Lightcycler 4801 (Roche Diag-
nostics, Germany). Primer sequences used for PCR analysis and
reaction conditions have been reported elsewhere [Satué et al.,
2013a; Satué et al., 2013b]. Real-time efficiencies were calculated
from the given slopes in the LightCycler 480 software (Roche
Diagnostics, Mannheim, Germany) using serial dilutions, showing
all the investigated transcripts high real-time PCR efficiency rates,
and high linearity when different concentrations were used.

All samples were normalized by the geometric mean of the
expression levels ofGapdh and 18S and fold changes were related to
the control groups using the formula: ratio¼ Etarget

DCp target (mean

control – sample)/ Ereference
DCp reference (mean control – sample), where Cp is the

crossing point of the reaction amplification curve as determined by
the LightCycler 480 software. Stability of reference genes was
calculated using the BestKeeper tool [Pfaffl et al., 2004].

LUMINEX ANALYSIS
Cell culture supernatants were collected at day 14 of cell culture to
analyze osteocalcin levels using the multiplex bead immunoassay
(Mouse Bone Magnetic Bead Panel Kit, Cat#MBNMAG-41K,
Millipore Corporation, Billerica, MA) according to the man-
ufacturer0s protocol. Analyte profiling was performed on the
LuminexMAGPIX xPONENT 4.2 (Luminex Corporation, Austin, TX).

MINERALIZATION ASSAY
For mineralization assays, MC3T3-E1 cells were allowed to reach
confluence and then treated with differentiation medium, consisting
on growing medium containing ascorbic acid (50 ug/mL) and beta-
glycerolphosphate (10mM), and 0.1mM of MEL or 0.1mM of
5-MTX. After 14 days of cell culture, cells were washed with PBS and
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fixed with 100% ethanol for 15min. Ethanol was removed and cells
were stained with Alizarin Red Staining solution (Sigma, St. Louis,
MO) for 30min at room temperature. Stained cells were washed and
further photographed.

CELL CULTURE OF RAW 264.7 CELLS
RAW 264.7 cells (ATCC, Manassas, VA) were cultured at 37°C in 5%
CO2 atmosphere in Dulbecco modified Eagles medium (DMEM)
supplemented with 10% FBS and antibiotics (50 IU penicillin/ml and
50mg streptomycin/ml).

Cells were seeded in 96-well plates (for TRAP staining) or on
dentin slices (for resorption pit assay) at a density of 3.0� 104 cells/
cm2 and, after an overnight period, the culture medium was replaced
with medium containing 4 ng/mL RANKL (R&D Systems, Minneap-
olis, MN) and different doses of 5-MTX or MEL (1 and 0.1mM).
Treatments were added after changing the medium every 48 h over
the course of 5 days.

TRAP STAINING OF RAW 264.7 CELLS
Cultured RAW 264.7 cells were stained for the enzyme tartrate-
resistant acid phosphatase (TRAP) using the TRAP-staining kit
(Sigma–Aldrich, St. Louis, MO), according to the manufacturer0s
instructions. TRAP-positive multinucleated (3 or more nuclei)
osteoclasts were visualized by light microscopy and photographed.

RESORPTION PIT ASSAY
RAW 264.7 cells seeded on dentine slices (Immunodiagnostic
Systems, Boldon, UK) were removed by sonication in 0.1N NaOH
for 2min, stained in hematoxylin for 40 s and washed in distilled
water. The surface of each dentine slice was examined by light
microscopy for evidence of lacunar resorption and quantitative
analysis of the resorption area was performed with Image J software
1.44p (NIH).

DETECTION OF Phospho-p44/42 MAPK (Erk 1/2)
MC3T3-E1 cells were cultured for 7 days while RAW264.7 cells were
cultured for 5 days. Then, they were treated for 2 h with 0.1mM
luzindole and subsequently treated for an additional 2 hwith 0.1mM
5-MTX or 0.1mM MEL as previously described [Roth et al., 1999].
Cells were fixed for 10min with 2% formaldehyde in PBS and then
permeabilized for 10min with 0.2% Triton X-100 in PBS. Cells were
immunostained with Phospho-p44/42 MAPK (Erk1/2) (Thr202/
Tyr204) Antibody (1:200; Cell Signaling Technology, MA) for 1 h
at 37°C followed by 1 h of incubation at room temperature with Cy3
(1:200; Thermo Fisher Scientific, MA). Finally, a drop of Fluoroshield
DAPI (Sigma, St. Louis, MO) was added to stain cell nucleous. Images
were takenwith the confocal microscope (Leica DMI 4000B equipped
with Leica TCS SPE laser system).

STATISTICS
All data are presented as mean values � SEM. A Kolmogorov–
Smirnov test was done to assume parametric or non-parametric
distributions for the normality tests. Differences between groups
were assessed by one-way analysis of variance (ANOVA) test
followed by post-hoc pairwase comparisons using Dunnett0s test.
When ANOVA test was not suitable for data, Mann–Whitney-test or

Student t-test were run depending on their normal distribution. The
SPSS1 program (SPSS Inc., Chicago, IL) for Windows, version 17.0
was used. Results were considered statistically significant at
P-values� 0.05.

RESULTS

EFFECT OF 5-MTX AND MEL ON METABOLIC ACTIVITY,
CYTOTOXICITY AND TOTAL RNA CONTENT IN MC3T3-E1 CELLS
Total metabolic activity was determined after 24 h of 5-MTX and
MEL treatment in MC3T3-E1 cells (Fig. 1A). A dose-response effect
was observed for both indoles. 5-MTX doses decreased the metabolic
activity of osteoblasts whilst only the highest dose of MEL (2.5mM)
reduced the metabolic activity. LDH activity was measured in the
culture medium after 48 h of treatment as an index of cytotoxicity
(Fig. 1B). Also a dose-response effect was observed with statistical
differences in both 5-MTX and MEL treatments. The two highest
doses (2.5 and 1mM) of both compounds produced a higher release
of LDH compared with control. In addition, 2.5mM 5-MTX showed a
lower LDH release compared with 2.5mM MEL. Finally, 0.001 and
0.01mM 5-MTX and 0.001mM MEL doses revealed a protective
effect for cells. Total RNA content isolated from MC3T3-E1 cells
cultured for 14 days was quantified (Fig. 1C). Interestingly and in line
with the previous data, a dose-effect was found for both 5-MTX and
MEL treatments. Indeed, a lower total RNA content was observed in
both 2.5mM 5-MTX and MEL groups when compared with control
(6.23� 0.39mg). Additionally, 1mM 5-MTX group also showed a
higher total RNA contentwhen comparedwith 1mMMEL. The visual
observations indicated that the highest dose of both 5-MTX andMEL
showed lower cell density and different cell morphology in
accordance with the metabolic activity, cytotoxicity and total
RNA content results (data not shown). Consequently, the 2.5mM
dose was not considered in further analysis.

EFFECT OF 5-MTX AND MEL ON GENE EXPRESSION OF RANKL AND
OPG OF MC3T3-E1 CELLS
Real-time RT-PCR was performed to observe the effect of 5-MTX and
MELonmarkers related toosteoclast activation (Fig. 2).RanklandOpg
showed a dose-response effect for both 5-MTX and MEL. Interest-
ingly, every dose of 5-MTX and MEL significantly decreased Rankl
gene expression, except the lowest dose of 0.001mMMEL. Indeed, the
higher the dose of each 5-methoxyindol, the more inhibited gene
expression of Rankl. In addition, when comparing both indoles, low
doses (0.001–0.1mM) of 5-MTX decreased more Rankl gene
expression than MEL ones. Regarding the gene expression of Opg,
only some doses of 5-MTX (0.1–1mM) decreased its expression. MEL
showed similar Opg mRNA expression profile than 5-MTX but only
0.1mM dose showed significant results. In light of the mRNA
expression levels results and morphological appearance of cells, the
0.1mM dose was selected for further analysis.

EFFECT OF 5-MTX AND MEL ON OSTEOCALCIN RELEASE AND
MINERALIZATION OF MC3T3-E1 CELLS
Osteocalcin secretion to the culture medium at day 14 of cell culture
was determined by Luminex assay. Oc release was higher in 5-MTX
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compared with the MEL group, and for both treatments when
compared with control (Fig. 3A). Alizarin Red Staining was
performed in MC3T3-E1 after 14 days of culture to evaluate the
calcium-rich deposits. A higher mineralization was observed in
osteoblasts treated with MEL and especially with 5-MTX (Fig. 3B
and C).

EFFECT OF 5-MTX AND MEL ON OSTEOCLASTOGENESIS AND
RESORPTION ACTIVITY OF RAW 264.7 CELLS
RAW 264.7 cells were treated with 0.1mM 5-MTX and MEL in the
presence of RANKL (Fig. 4 A–C). Treatmentwith 5-MTX significantly
decreased the number of multinucleated (with 3 or more nuclei)
TRAP-positive cells (OCL) formed and indeed, smaller OCL and with
fewer nuclei than control cells were observed, while no significant
differences were found for cells treated with MEL (Fig. 4G).
Furthermore, we analyzed the gene expression of several pheno-
typical and functional markers in order to gain more knowledge
about the response of RAW cells to both MEL and 5-MTX. Although
the phenotypical marker Trap showed similar mRNA levels in 5-
MTX and MEL compared to control, the functional markers Mmp9
and Ctsk were significantly decreased in 5-MTX compared with
control, while only Mmp9 was reduced in MEL (Fig. 4I).

We also assessed the effect of the treatments on osteoclast
function by evaluating bone resorption on dentin slices (Fig. 4D–F).
A significant decrease on bone resorption activity was found for
both 5-MTX and MEL treatments (Fig. 4H), despite no differences on
TRAP staining were found in cells treated with MEL.

EFFECT OF 5-MTX, MEL AND THE INHIBITOR LUZ ON THE ERK
PATHWAY
MC3T3-E1 and RAW264.7 cells were treated with MEL, 5-MTX and
also with the inhibitor LUZ, and further immunostained for p-ERK
(Fig. 5). A higher expression of p-ERK was observed in cells treated
with 5-MTX than MEL, and both treatments were higher than
the ethanol control. Furthermore, when LUZ was added, p-ERK
expression was significantly decreased in both treatments.

DISCUSSION

In the present investigation, we demonstrate for the first time a new
role of 5-MTX inhibiting osteoclastogenesis and promoting
osteoblast differentiation. In our attempt to identify new therapeutic
agents for hard and soft tissue treatment in the oral cavity and for
bone regeneration applications, we compared the effects of 5-MTX
and MEL in bone cells. Thus, we tested doses ranged from 0.001mM
up to 2.5mM for both treatments.

Physiological plasma levels ofMELand5-MTX [Linsell et al., 1979;
Silman et al., 1979] range from 10 to 300pg/ml for MEL and 2 to
120 pg/ml for 5-MTX.However,weusedpharmacological doses based
onprevious studies usingMEL in vitro [Nakade et al., 1999; Roth et al.,
1999; Koyama et al., 2002], which have previously shown a positive
effect on human osteoblast differentiation [Satomura et al., 2007].

When evaluating metabolic activity and cytotoxicity, while
5-MTX reduced slightly the metabolic activity of osteoblasts in all
the doses, MEL only decreased it in the 2.5mM dose. As regards to

Fig. 1. (A) Metabolic activity was measured in MC3T3-E1 cells after 24 h of
treatment using a resazurin based assay (PrestoBlueTM Cell Viability Reagent).
100%metabolic activity control (0.9% ethanol, v/v) was culture medium from
control vehicle cells. (B) LDH activity measured in culture medium of MC3T3-
E1 cells collected after 48 h of treatment. Positive control (Triton; 100%
toxicity) was cell culture medium from cells incubated with Triton X-100 at
1%. Negative control (0.9% ethanol, v/v) was cell culture medium from control
vehicle cells. The percentage of LDH activity was calculated using the following
equation: Cytotoxicity (%)¼ (exp.value – negative control)/(positive control –
negative control)� 100. (C) Quantification of total RNA content isolated from
MC3T3-E1 cells treated with different doses of MEL and 5-MTX for 14 days of
cell culture. Values represent the mean� SEM (N¼ 6). The dotted line
represents the total RNA content of the control group (0.9% ethanol, v/v). The
effect of dose was assessed by one-way ANOVA test: D P� 0.05. Post-hoc
analyses were made using Dunnett0s test: atreatment versus control (0.9%
ethanol, v/v). Differences between biomolecules were assessed by Mann–
Whitney or by Student0s t test: bP< 0.05 for every 5-MTX treatment versus the
corresponding MEL dose.
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cytotoxicity, only 2.5mM 5-MTX and MEL were toxic for the cells,
as shown by the increased LDH activity, which was related to the
lower RNA content and cell density. However, the results revealed a
significant decrease in cell death at lower concentrations, although
this reduction was no more than 5%. Previously, MEL was found to
be non-cytotoxic up to the concentration of 0.5mM [Park et al.,
2011].

Previous reports [Nakade et al., 1999; Roth et al., 1999; Radio
et al., 2006; Satomura et al., 2007; Sethi et al., 2010; Zhang et al.,

2010; Park et al., 2011; Zhang et al., 2012; Kim and Yoo, 2013] have
demonstrated thatMEL induces osteoblast differentiation inMC3T3-
E1 cells. Indeed, our results showed that MEL increased osteocalcin
synthesis as previously reported for these cells [Park et al., 2011].
However, here we show that 5-MTX stimulates osteoblast differ-
entiation in a higher degree than MEL, as clearly indicated by the
higher osteocalcin secretion levels to the culture medium. The
increased secretion of osteocalcin by 5-methoxyindols could be
explained by the fact that osteogenic genes such as osteocalcin

Fig. 2. Effect of MEL and 5-MTX on mRNA expression levels of (A) Rankl and (B) Opg in MC3T3-E1 cells cultured for 14 days. Data were normalized to reference genes (Gapdh
and 18 S rRNA), expressed as percentage of control which was set to 100%. Values represent the mean� SEM (N¼ 6). The effect of dose was assessed by one-way ANOVA test: D
P� 0.05. Post-hoc analyses were made using Dunnett0s test: atreatment versus control (0.9% ethanol, v/v). Differences between groups were assessed by Mann–Whitney or by
Student0s t test: bP< 0.05 for every 5-MTX treatment versus the corresponding MEL dose.

Fig. 3. (A) Osteocalcin released to the culture medium after 14 days of culture and treatments with 0.1mM of 5-MTX and MEL. Values represent the mean� SEM (N¼ 6).
Differences between groups were assessed by Student0s t-text: aP< 0.05 treatment versus ethanol control and bP< 0.05 5-MTX versus MEL treatment. Plate view (B) and
microscopic view (C) of Alizarin Red Staining of MC3T3-E1 cells treated for 14 days with 0.1mM of 5-MTX and MEL.
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contain the putative sequences for binding RZR nuclear orphan
receptor, responsible for increasing their transcription and ulti-
mately inducing osteoblast differentiation [Roth et al., 1999].
Interestingly, these results are in agreement with the mineralization
images that show a higher amount of calcium deposits in MEL and
especially, 5-MTX treated cells, demonstrating that 5-MTX has a
greater potential for promoting osteoblast differentiation.

Osteoclastogenesis is regulated indirectly by osteoblasts through
the production of RANKL and OPG, a decoy for RANKL. Previous
studies support the suppressive action of MEL on the Rankl gene
expression [Koyama et al., 2002; Histing et al., 2012], here we
demonstrate that 5-MTX exerts a higher potential inhibiting Rankl
mRNA levels than MEL. Although Opg gene expression was also
decreased in both treatments for some of the doses, the RANKL/OPG
ratio was decreased with both treatments, resulting in a lower index
of osteoclastogenic stimulus. Decreased Opg mRNA levels found for
MEL differs from previously reported results, this difference is
probably due to the MEL treatment duration; 1 h [Koyama et al.,
2002] versus 14 days in the present study.

Our results also indicate a higher direct effect of 5-MTX than MEL
inhibiting osteoclastogenesis. It has been previously suggested that
MEL may act directly on osteoclasts by suppressing their differ-
entiation [Koyama et al., 2002; Suzuki and Hattori, 2002]. The

mechanism by which MEL inhibits bone resorption is related to its
ability to detoxify the low toxic concentrations of reactive oxygen
species (ROS) produced during osteoclastogenesis, which act as an
intracellular signal mediator for osteoclast differentiation [Lee et al.,
2005]. Thus, RANKL-mediated ROS production serves to regulate
RANKL signaling pathways, including JNK and p38 activation that
are sensitive to activation by ROS and required for osteoclast
differentiation [Lee et al., 2005]. MEL increases the phosphorylative
activation of ERK1/2 in order to constrain ROS production [Luchetti
et al., 2009]. Furthermore, MEL promotes osteoblastic differentiation
of MC3T3-E1 cells though this ERK signaling pathway [Park et al.,
2011]. In the same way, we here demonstrated that 5-MTX induces
the ERK pathway in both MC3T-E1 and RAW264.7 cells, according
to a higher osteoblast differentiation and a lower ROS production
respectively. Additionally, in an attempt to prove that the MEL
transmembrane receptor was involved in mediating the action
of 5-MTX, as demonstrated for MEL [Roth et al., 1999], we
demonstrated that exposure to LUZ could attenuate the actions of 5-
MTX. Indeed, the ERK signaling cascade was reduced when LUZ was
added to MEL and 5-MTX, suggesting that both indoles act through
the MEL receptors. All in all, these experiments suggest that 5-MTX
mechanism of action occurs through MT1 and MT2 receptors, and it
involves the phosphorylation of ERK.

Fig. 4. Effect of MEL and 5-MTX on the generation of multinucleated TRAP-positive cells (OCL) and their effect on bone resorption ability on dentine slices. Trap staining of
CTRL (A), MEL (B) and 5-MTX (C) RAW264.7 cells. Bone resorption ability of CTRL (D), MEL (E) and 5-MTX (F) RAW264.7 cells evaluated by resorption pit assay on dentine discs.
(G) Number of multinucleated TRAP-positive cells with 3 or more nuclei (OCL). (H) Percentage of resorbed area. (I) Effect of MEL and 5-MTX on mRNA expression levels of Trap,
Mmp-9 and Ctsk in RAW 264.7 cells cultured for 5 days. Data were normalized to reference genes (Gapdh and 18 S rRNA), expressed as percentage of control which was set to
100%. CTRL is RAW 264.7 dosed with 4 ng/mL RANKL for 5 days, MEL is RAW 264.7 cells dosed with 4 ng/mL RANKL and treated with 0.1mM of MEL and 5-MTX is RAW
264.7 cells dosed with 4 ng/mL RANKL and treated with 0.1mM of 5-MTX. Values represent the mean� SEM. Significant differences were assessed by Students t test: aP< 0.05
treatment versus ethanol control.
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In conclusion, this paper provides for the first time evidences for
5-MTX to promote osteoblast differentiation whilst inhibit osteo-
clast formation and resorption activity. Further in vivo studies are
required to determine its effect in the prevention of bone loss and

improvement of bone formation in animal models and its potential
for therapeutic applications.
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