International Journal of Dentistry and Oral Health
ISSN 2378-7090 | Open Access

éSci Forschen

Open HUB for Scientific Research

RESEARCH ARTICLE Volume 6 - Issue 4

Dose-Related Effects of Melatonin on Human Osteoblastic Cells via in vitro Controlled

Release from Nanoscale Calcium Sulfate

AW Barone, M Pringle, D Nguyen, and R Dziak*
Department of Oral Biology, University at Buffalo School of Dental Medicine, Buffalo, NY, USA

*Corresponding author: R Dziak, Department of Oral Biology, University at Buffalo School of Dental Medicine, Buffalo, NY, USA, Tel: 716
8293827; E-mail: rdziak@buffalo.edu

Received: 27 Apr, 2020 | Accepted: 07 May, 2020 | Published: 14 May, 2020

Citation: Barone AW, Pringle M, Nguyen D, Dziak R (2020) Dose-Related Effects of Melatonin on Human Osteoblastic Cells via in vitro Con-
trolled Release from Nanoscale Calcium Sulfate. Int J Dent Oral Health 6(4): dx.doi.org/10.16966/2378-7090.325

Copyright: © 2020 Barone AW, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Introduction: Engineering biodegradable scaffolds for bone regeneration in osseous defects is an attractive alternative to harvesting grafts from
living tissues. Calcium sulfate based scaffolds can be manufactured to have degradation profiles that are commensurate with new bone growth.
However, concerns over the biomechanical strength of calcium sulfate have limited its use to filling small osseous defects. Nanoscale calcium sulfate
exhibits enhanced physical properties and can successfully promote bone regeneration in critical-sized craniofacial bone defects. Previous studies
show that this bio-ceramic can also accommodate sustainable growth factor delivery to bone cells in vitro. Recently, melatonin has received at-
tention as a potential alternative to recombinant human proteins for use in enhancing the osteoinductive potential of synthetic bone scaffolds. Its
clinical efficacy though may be limited by dose-related variation in its stimulatory effects on bone cells. To these ends, the incorporation of melatonin
into nanoscale calcium sulfate may give rise to a novel scaffolding system the potential for clinical application in bone regenerative medicine.

Materials and Methods: Dose related osteogenic effects of melatonin on human osteoblastic cells were examined by measuring cellular viability
and alkaline phosphatase activity. The bioactivity of melatonin released from nanoscale calcium sulfate was assessed through measurement of the
viability of cells seeded with the scaffold. Scaffolds containing different amounts of melatonin were then fabricated and the release profiles from
each group were characterized.

Results and Conclusion: Exposure of human osteoblastic cells to melatonin at micromolar concentrations increased cellular viability and alkaline
phosphatase activity. Incorporation of melatonin into nanoscale calcium sulfate increased the viability of cells seeded with the scaffolds. Hence,
melatonin released from the scaffolds retained its bioactivity. Release studies showed that nanoscale calcium sulfate can release melatonin in a
sustained manner over time. The release profiles though were influenced by the amount of melatonin loaded. This study provided further evidence
supportive of the potential use of nanoscale calcium sulfate as a tunable scaffold with the ability to deliver melatonin in quantities stimulatory to
bone growth.

Keywords: Nanoscale calcium sulfate; Bone regeneration; Osteoinduction; Melatonin; Controlled release; Human osteoblastic cells

Abbreviations: nCS-Nanoscale Calcium Sulfate; CS-Calcium Sulfate; Mel-Melatonin; HOBs-Human Osteoblastic Cells; ALP-Alkaline Phosphatase

Introduction some of the characteristic limitations associated with grafts harvested

from living tissues, a vast number of FDA approved bone graft
substitutes have emerged on the market in recent decades [1-
3]. Most of these synthetic constructs are hard, yet brittle, and
lack intrinsic osteoinductive and osteogenic properties, are only
osteoconductive [1].

With over two million surgeries performed annually worldwide,
bone grafting represents the most common method for augmenting
osseous regeneration in a variety of medical fields that include
dentistry, orthopedics, and neurosurgery [1]. Bone grafts are meant
to serve as scaffolding structures supportive of new angiogenic and

osseous in growths at wound sites. Clinically, surgeons still consider
autografts to be the ‘gold standard’ for bone grafting procedures
[2]. However, these grafting constructs are prone to causing various
complications such as donor site morbidity, hematoma formation,
and lengthened recovery periods [1-2]. Although the use of allografts
has increased, these grafts pose risks for disease transfer and the
triggering of adverse immune response. In hopes of circumventing

An ideal synthetic scaffold for bone regeneration should be fully
bio resorbable and possess a degradation rate commensurate with
new bone formation at wound sites. Furthermore, the scaffold should
be able to effectively stimulate the chemotaxis of bone precursor cells
from the surrounding periosteum and promote their differentiation
toward the osteoblastic phenotype [4]. To accomplish this, a popular
strategy is to engineer osteogenic growth factors into the Three
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Dimensional (3D) architectures of synthetic scaffolding systems [5-8].
Growth factors bind to either cell surface or nuclear receptors. Such
ligand-receptor binding modulates the activation and/or inhibition
of signaling cascades that regulate protein production and gene
transcription. Many of the osteogenic factors currently employed
in bone tissue engineering are synthesized using recombinant DNA
technology. To date, only three recombinant human osteogenic factors
have received FDA approval for human use: rhBMP-2, rhBMP-7, and
rhPDGF-BB [4]. However, their extent of clinical use is obfuscated by
high production costs and limited commercial availability. They also
have short biologic half-lives. For instance, the biologic half-life of
rhPDGF-BB is ~2 min in vivo [9]. As a result of these drawbacks, some
clinicians have transitioned to using Platelet-rich Plasma (PRP), which
represents a more affordable and autologous source of osteogenic
factors [10,11].

Currently, there is an emerging interest in the use of Melatonin
(Mel)-a neuroendocrine hormone that is synthesized and secreted
mainly by the pineal gland-as a therapeutic agent for improving bone
regeneration in osseous defects [12-15]. In addition to the pineal
gland, Mel synthesis also occurs in other areas of the body that include:
the eyes, skin, intestines, gonads, and bone marrow [16-17]. Hence,
its effects on the body are myriad and widely diverse. With respect to
its therapeutic use in regenerative medicine, preclinical studies have
shown that Mel can improve the quality of the bone fill in periodontal
as well as craniofacial bone defects [14-15]. Furthermore, several
in vitro studies indicate that Mel can enhance the proliferation and
induce osteodifferentation in various human osteoblastic cell lines [18-
25]. Compared to recombinant human growth factors, Mel offers the
following advantages: its low production cost allows for greater clinical
accessibility, its small size makes it less susceptible to denaturation and
its long biologic half-life (~60 min) allows for its clinical application to
be less technique sensitive [13].

In addition to its proposed use in regenerative medicine, Mel
has also received attention as a promising therapeutic adjuvant that
can reduce the incidence of skeletal fracture and osteolysis in bone
cancer patients [26]. However, while one in vitro study showed that
exposure to millimolar Mel concentrations inhibits the proliferation
of human osteosarcoma MG-63 cells, another in vitro study showed
that exposure to millimolar Mel concentrations promotes apoptosis
in preosteoblastic MC3T3 E1 cells [27-28]. As a result, systemic
Mel administration in patients with bone tumors is prone to being
confounded by having narrow therapeutic windows such that doses
found to have optimal therapeutic effects in vitro may be too toxic to
be considered safe in vivo.

Endogenous Mel is often present in the plasma at nanomolar
concentrations [29]. Several in vitro studies have emphasized
that exposure to Mel at micromolar concentrations can lead to
increased viability in normal human osteoblastic cells (HOBs) [18-
24]. One possible way to optimize the therapeutic benefits of Mel
on bone regeneration is by incorporating it into grafting materials
accommodative of controlled drug release. However, while a vast
number of bone scaffolding systems capable of sustainable drug
delivery have been developed, only a few studies have considered
loading these 3D constructs with Mel [30-33].

Nanoscale Calcium Sulfate (nCS) represents a novel scaffolding
system with enhanced physical properties [34]. Compared to
conventional sized medical grade Calcium Sulfate (CS), nCS has an
exponentially increased surface area for cell attachment and osteogenic
growth factor adsorption [34]. This feature confers nCS with increased
loading capacity for growth factor content, thus increasing the

bioavailability of the agent. It also allows it to accommodate controlled
growth factor release [7,34]. In vitro studies have demonstrated that
nCS scaffolds loaded with growth factors increase the viability of both
HOBs and Mesenchymal Stem Cells (MSCs) [6-7,34]. Most recently, a
preclinical study in canines revealed that nCS scaffolds can promote
bone regeneration in critical sized mandibular defects [35].

The aim of the present to study was determine whether or not
nCS scaffolds could accommodate the sustainable delivery of Mel
by releasing the agent in amounts considered to be therapeutically
relevant in vitro. Firstly, the specific range of Mel concentrations
ideal for maximizing the viability and Alkaline Phosphatase (ALP)
activity of human osteoblastic cells was established. This was done
since the effects of Mel on bone cell viability and osteodifferentiation
are reported to vary based on the concentration of agent used and the
particular cell type examined [36]. Secondly, we assessed whether or
not Mel released from nCS/Mel scaffolds remained biologically active.
Lastly, we characterized the release kinetics of Mel from nCS/Mel
scaffolds over time.

Materials and Methods

A series of Mel stock solutions were prepared by dissolving
lyophilized melatonin powder (Sigma Aldrich, USA) in 5% ethanol
(v/v) and PBS (Gibco, USA). All other chemicals and reagents used
were purchased from Sigma-Aldrich unless stated otherwise.

Cells and cell culture

Primary HOBs were purchased from ScienCell Company (USA)
and grown in 75 cm? plastic culture flasks (Falcon, USA) with MEM-a
(Gibco) supplemented with 10% Fetal Bovine Serum (FBS) and a
1% anti-mycotic solution. Media enriched with Mel was prepared by
diluting aliquots from the stock solutions with appropriate volumes
of MEM solvent. All materials used for cell culture maintenance
were purchased from Gibco unless stated otherwise. Cultures were
maintained at 37°C in a humidified incubator with 5% CO,. The media
was refreshed every 2 to 3 days until cell confluence. Cells in passages
1 to 4 were used for the experiments.

MTT cell viability assay

The MTT [3 (4,5 dimethylthiazol 2 yl) 2,5 diphenyltetrazolium
bromide] assay was conducted at 24 hr to examine the dose-dependent
effects of Mel on HOB cellular viability. The concentrations of Mel
chosen were based on data from previous reports [18,24]. HOBs
incubated in MEM without Mel served as a control. Cells were seeded
in 96 well plates (Costar, USA) and incubated in Mel poor or Mel-
enriched media (10 uM, 50 uM, or 100 uM). At 24 hr, 13 puL of MTT
reagent was added to each well, and the plate was incubated for
another 4 hours. Then, 130 uL of Dimethyl Sulfoxide (DMSO) was
added to each well, and the plate was incubated for a final 20 min. The
Optical Density (OD) of each sample was measured by absorbance
540 nm in a microplate reader (Flex Station 3 Multi Mode Microplate
Reader, USA).

ALP activity assay

The effect of Mel on the osteogenic differentiation of HOBs was
evaluated at 48 with the ALP assay. Cells were seeded in 96-well plates
(Costar) and incubated in Mel poor or Mel-enriched media (10 pM,
50 uM, or 100 uM). After a 48 hr incubation period, the media in
each well was removed and replaced with 105 pL of 1% (v/v) Triton
X-100 (Avantor Performance Materials, USA). The plate was then
stored for 1 hr at 4°C. Afterwards, 50 uL of Amino-methyl Propanol
(AMP) plus 50 pL of pNpp reagent were added to each well, and
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the plate was incubated for a final 30 min. Cellular ALP levels were
assessed by measuring the extent of enzymatic conversion of colorless
pnitrophenyl phosphate (pNPP) to yellow pnitrophenol (pNp). The
reaction was terminated by adding 50 uL of 0.5 N NaOH stop solution
to each well. The OD of each sample was measured by absorbance at
405 nm in a microplate reader.

Preparation of nCS

Nanoscale calcium sulfate was prepared according to the procedure
outlined by Park and colleagues [34]. Following the established
protocol, 8.0 g of medical grade CS (CaSO,.2H,0; 99.9% pure) was
dissolved in 4.0 L of distilled water. The homogeneous solution was
then dispensed into small flasks that were frozen in liquid nitrogen
at -196°C. Using a cryo-vacuum method, the dihydrate form of CS
was converted into dihydrate nCS. The resultant white powder was
then heated in a conventional oven at temperatures between 130 to
150°C to yield anhydrate nCS. Upon removal, the powdery product
was sterilized via Glow-discharge Treatment (GDT). This served to
produce a composition of nCS that was less susceptible to rehydration
and more stable at room temperature.

Fabrication of nCS/Mel scaffolds

Scaffolds in the form of nCS/Mel discs were prepared as follows:
100 mg of nCS powder was mixed with 100 uL of PBS alone or with
100 pL aliquots containing different amounts of Mel. The resultant
malleable white paste was then deposited in a polyvinyl siloxane mold
and allowed to set for ~2.5 hr at room temperature. Once sufficiently
hardened, the intact discs were removed from the mold and stored in
sterilized glass containers at room temperature. Each disc was 5 mm
wide and 3 mm thick and had a dry mass of 0.08 g.

Bioactivity study

Once a scaffolding system is demonstrated to be accommodative
of sustainable drug delivery, it is necessary to determine whether
or not the released agent remains biologically active. To accomplish
this, the cellular viability of HOBs-incubated with nCS/Mel scaffolds
at 37°C-was measured after 48 hr using the MTT assay. In this
experiment, HOBs seeded with untreated nCS scaffolds served as a
control. The treatment group consisted of HOBs seeded with nCS/
Mel scaffolds containing ~5.0 ug of Mel. At 48 hr, the MTT assay was
conducted following the same protocol as mentioned before.

Release studies

A release study was conducted with nCS scaffolds mixed with Mel
at different millimolar concentrations. The scaffolds in the treatment
groups are denoted as follows: nCS/2.5 mM Mel, nCS/5 mM Mel, or
nCS/10 mM Mel. A calibration curve (y=0.0011x+0.0045; R2=0.9987)
was generated by measuring the optical densities of diluted Mel
samples by absorbance at 254 nm. The wavelength for Mel absorption
was chosen based on a previous report [37]. From the calibration curve,
the amount of Mel released from the scaffolds was quantified at four
predetermined time points (1,3,24, and 48 hr). For this experiment,
nCS/Mel scaffolds (discs 5 mm wide and 3 mm thick with a dry mass
0f 0.08 g) were placed in separate wells of a 96 well plate and suspended
in 200 pL of PBS. At each time point, the media was collected and
replaced with an equal volume of PBS. The collected media from each
sample was stored in a separate micro-centrifuge tube. At 48 hr, the
amount of Mel present in each sample was quantified by absorbance at
254 nm in a microplate reader. Initial amounts loaded and cumulative
amounts of Mel released from the nCS/Mel scaffolds are expressed in
micrograms (ug). The amounts of Mel released were calculated as a
percentage of the cumulative amount of Mel released at the specified

time interval divided by the initial amount of Mel loaded into the nCS
discs in pg.

Another release study was conducted with nCS scaffolds mixed with
Mel at micromolar concentrations. For this experiment, the media was
collected at only three predetermined time points (24,48, and 72 hr).
There was a control and two treatment groups: nCS/10 uM-Mel and
nCS/100 uM-Mel. At 72 hr, the cumulative amount of Mel released
by each scaffold (disc 5 mm wide and 3 mm thick with a dry mass
of 0.08) was quantified with an ELISA kit (Enzo Life Sciences, USA)
and microplate reader. Initial amounts loaded and the cumulative
amounts of Mel released from the nCS/Mel scaffolds are expressed in
nanograms (ng). Because the detection range of the assay was between
0.08 50 ng/mL, the experimental samples were diluted accordingly as
indicated by the manufacturer’s protocol. The Mel amounts released
were calculated as a percentage of the cumulative amount of Mel
released at the specified time interval multiplied by the corresponding
dilution and divided by the initial amount of Mel loaded into the nCS
discs in ng.

Statistical Analysis of Data

Results are presented as the means + Standard Deviation (SD).
All statistical computations were performed using Microsoft® Excel
software (Microsoft Corporation, USA). All data were compared and
evaluated using one-way Analysis of Variance (ANOVA). Statistical
significance was accepted for p values < 0.05.

Results and Discussion

Several authors report that Mel can enhance the bone-forming
potential of osteoblasts both in vitro and in vivo [18-25,38-41].
However, the therapeutic effects of Mel on bone formation appear
to be dose related. Multiple studies describe the osteogenic effects of
Mel as being most robust at micromolar concentrations [18,21,24].
One in vitro study found the proliferative effects of Mel on Human
Osteoblastic Cells (HOBs) to be maximal at doses between 50 and
100 uM [17]. Similarly, another in vitro investigation showed that
Mel dose dependently increased the viability of HOBs cultured in
media at concentrations between 50 and 200 uM [20]. Thus, it was
hypothesized that exposure to Mel at micromolar concentrations
would stimulate increases in the viability of HOBs. Treatment with
Mel at 10 uM had the greatest stimulatory effect on cell viability
(Figure 1). On the other hand, while HOBs treated with Mel at 50 uM
and 100 pM showed increased viability relative to the control, they did
not exhibit statistically greater viability relative to those treated with
Mel at 10 pM. Our findings with are consistent other reports on dose
related variation in the effects Mel on bone cell viability [18,21]. In our
study, HOBs treated with Mel at higher concentrations (50 uM and 100
uM) may have already experienced the maximal proliferative effects
of Mel and had become further differentiated. Such is the case as an
attenuation of proliferation usually occurs when cells become further
differentiated [42].

The osteoinductive potential of Mel was assessed by measuring the
level of ALP activity exhibited by HOBs at 48 hr. HOBs incubated with
Mel at 100 uM demonstrated the greatest level of ALP activity (Figure
2). However, HOBs treated with lower concentrations of Mel (10 uM
and 50 uM) showed significantly less ALP activity relative to the control
group. That said, others report observing dose-dependent increases in
the ALP activity of HOBs at micromolar Mel concentrations in the
range of ~10 to 200 uM [21]. Conversely, one in vitro study reports that
the minimal Mel concentration required inducing osteodifferentiation-
as indicated by increases in ALP activity-in MSCs over a 2 day period
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Figure 1: MTT assay with HOBs incubated in Mel-enriched media at
24 hr; *=significantly different from control and all other treatment
groups; #=significantly different from control and HOBs incubated in
10 uM Mel; n=8; p<0.05 ANOVA.
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Figure 2: ALP activity of HOBs incubated in Mel-enriched media at
48 hr; *=significantly different from control and all other treatment

groups; #=significantly different from control and HOBs incubated in
10 uM Mel; n=8; p<0.05 ANOVA.

is 50 nM [22]. In the same light, another in vitro study found that
50 nM was sufficient to induce osteodifferentiation-as indicated by
increases in intracellular ALP mRNA transcripts-in preosteoblastic
MC3T3 cells [19]. Our findings may be partly explained by differences
in the types of Mel receptors expressed by HOBs.

Bone cells express two different G-protein-coupled Transmembrane
Mel receptors (MT1 and MT2) and one nuclear Mel receptor (RZR/
ROR) [43-45]. RZR/ROR expression might be regulated through Mel/
MT receptor binding. A previous study reports that MT2 receptor
desensitization correlated with peak ALP activity in MSCs [20].

Evidence also suggests that aside from having lower ligand binding
affinities compared to transmembrane Mel receptors, RZR/ROR
receptors are likely to be implicated in signal transduction pathways
that regulate the transcription of genes for bone marker proteins such
as ALP [46,47]. In our study, it is possible that media enriched with
Mel at 10 and 50 uM contained Mel in amounts sufficient to stimulate
transmembrane Mel receptors yet not sufficient to effectively induce
RZR/ROR mediated transcription of ALP over the 48 hr incubation
period. This is supported by the relative magnitude of ALP expression
by HOBs exposed to Mel at 100 uM versus Mel at lower concentrations.
The increased ALP levels observed in the control versus HOBs exposed
to Mel 10 and 50 uM can be attributed to the dose related and time
dependent effects of Mel on osteodifferentiation.

In this paper, we have shown that Mel released from nCS retains
its bioactivity at 48 hr. This was evidenced by the increased viability
exhibited by HOBs seeded with nCS/Mel scaffolds versus HOBs seeded
with untreated nCS scaffolds (Figure 3). This is noteworthy with respect
to other studies conceiving the development of scaffolding systems
supportive of localized and sustainable Mel delivery. Some of these
require modifications of their surface chemistry in order to support
Mel adsorption [30,33]. In theory, such molecular modifications
could alter and/or compromise the bioactivity of released Mel. Hence,
one of the advantages of using nCS in the fabrication of Mel loaded
scaffolding systems is that modification of its surface chemistry is not
required to support Mel adsorption.

The results of the current study further demonstrate the potential
for nCS to accommodate localized and sustainable growth factor
delivery in vitro. This capability is important because it allows for
Mel to be delivered specifically to cells responsible for regenerating
osseous tissues in wound sites [48]. It is also important because it
allows for more coordinated cell responses, such as the proliferation
and differentiation of osteoblastic precursors. With respect to
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Figure 3: Bioactivity evaluation with the MTT assay; Data represents
relative viability of HOBs seeded on nCS or nCS/Mel scaffold; *=signifi-
cantly different from control without Mel; n=8; p<0.05 ANOVA.
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accommodating controlled release, nanomaterials possess numerous
advantages over conventional-sized synthetic constructs [34,49]. In
this paper, the release profiles of Mel from nCS/Mel scaffolds were
evaluated in two separate experiments (Figures 4 and 5). In the first
experiment, UV spectrophotometry was used to measure the amount
of Mel released from nCS/Mel scaffolds with loadings between ~60 to
230 pg (Table 1). Scaffolds containing116 pg and 232 pg of Mel were
characterized by release profiles bursts with initial (35% and 65%)
followed by steadier release phases between 3 to 24 hr (Figure 4). By
contrast, the released quantity of Mel from scaffolds containing 58
ug was less than 5% between 0 to 3 hr and less than 25% at 48 hr.
Furthermore, these scaffolds displayed almost linear release kinetics
throughout the entire experimental time period. In the second
experiment, an ELISA kit was used to detect the amount of Mel released
from nCS scaffolds with loadings between 230 and 2330 ng (Table 2).
For both treatment groups, the quantity of Mel released was less than
10% over 72 hr (Figure 5). Each group also exhibited sustained release
profiles throughout the entire experimental time period. Similar to
scaffoldsloaded with 58 ug of Mel, a burst release did not occur in either
of these treatment groups. Taken together, these findings suggest that
nCS may serve as a tunable scaffold accommodative of the controlled
delivery of Mel in quantities conducive to bone regeneration.

Current reports on Mel loaded scaffolds mostly pertain to
systems that utilize either P-tricalcium phosphate or variations of
hydroxyapatite. A reported limitation to the use of calcium phosphate
derivatives in synthetic bone grafting is the unpredictability that
surrounds their biodegradation profiles [1-2]. With hydroxyapatite
grafts, studies indicate that their relatively high calcium to phosphate
ratios and crystalline structures prolong their resorption by phagocytic
cells [50]. This leads to residual hydroxyapatite grafting material
becoming embedded within the bone fill. The presence of such grafting
remnants, in turn, compromises the intrinsic strength of the new bone
by decreasing its resistance to fracture [2].

Compared to calcium phosphate based systems, grafts fabricated
from CS are reported to be more bio-resorbable. In addition, they can
be manufactured to have tunable degradation profiles that can closely
match the rate of new bone formation [51]. However, reports on its
weaker internal strength imply that its use should be limited to filling
only small osseous defects [2,52]. Nanoscale calcium sulfate, on the
other hand, has superior mechanical strength compared to CS and has
been shown to successfully promote bone formation in critical sized
craniofacial bone defects with favorable biodegradation such that even
in large defects it appears to be completely resorbed and replaced by
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Figure 4: Cumulative amount of Mel released from nCS disc treated
with Mel at millimolar (mM) concentrations; each data point rep-
resents the percentage amount of Mel (ug) released by nCS disc rela-
tive to the initial amount loaded; n=8.
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Figure 5: Cumulative release of Mel from nCS disc treated with Mel at
micromolar (LM) concentrations; each data point represents the per-
centage amount of Mel (ng) released by nCS disc relative to the initial
amount loaded; n=8.

Table 1: First release experiment; Data collected using UV-spectrophotometry; Initial amount of Mel present in each nCS disc at O hr is expressed in
micrograms/scaffold; Each other entry indicates the average cumulative amount of Mel released by the scaffolds at the specified time intervals.

Released Melatonin (ug)
Scaffolds 0 hr 1hr 3hr 24 hr 48 hr
nCS/2.5 mM-Mel 58.07 1.32+0.13 2.13+0.70 9.75+1.59 12.92+1.94
nCS/5 mM-Mel 116.14 36.53+2.72 41.94 +2.54 65.63 +£4.56 67.73+4.71
nCS/10 mM-Mel 232.28 128.06 + 11.56 142.30+7.12 167.25+12.48 167.40 + 12.55

Table 2: Second release experiment; Data collected using an ELISA kit; Initial amount of melatonin present in each nCS disc at 0 hr is expressed in
nanograms/scaffold; Each other entry indicates the average cumulative amount of Mel released by the scaffolds at the specific time.

Released Melatonin (ng)
Scaffolds 0hr 24 hr 48 hr 72 hr
nCS/10 pM-Mel 232.28 3.72+0.24 9.06 + 0.64 14.63+0.34
nCS/100 pM-Mel 2322.80 60.39 £0.19 125.43+0.75 185.82 + 0.46
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new bone [34-35]. The current study highlights the potential use for
nCS as a bone grafting substitute and provides insightful suggestions
on how to fabricate nCS/Mel scaffolds capable of releasing Mel in
quantities that promote bone cell viability and osteodifferentiation.

Conclusion

In summary, this paper provided evidence supportive of dose-
related variation in the effects of melatonin on bone cell viability and
osteodifferentiation. Mel released from nCS/Mel scaffolds was shown
to remain biologically active at 48 hr. Moreover, unlike other Mel loaded
scaffolds; nCS did not require modification of its surface chemistry in
order to support Mel adsorption. This paper also provided insight on
the Mel loading capacity of nCS and its release kinetics. Collectively,
our findings suggest that nCS may be a functional vehicle for the
delivery of Mel in quantities capable of enhancing bone formation in
osseous defects.
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