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Abstract
Ionizing radiation is known to cause tissue damage in biological systems due to its ability in
producing high damage free radicals. Melanin nanoparticles (MNPs) are prepared by simple
oxidation of dopamine hydrochloride followed by polymerization.

In this study protective

effects of melanin were assessed using Chinese hamster ovary (CHO) cells, irradiated with 6 Gy
Gamma radiations. MNPs prevented radiation-induced loss in cell viability. These results
suggest that MNPs may be able to attenuate radiation-induced cytotoxicity, possibly by its ability
in scavenging free radicals.
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Introduction
The search for more effective radioprotectors has intensified recently due to increased use of
ionizing radiation. Presently, ionizing radiation is being used in a large number of therapeutic,
industrial and other applications like developing new varieties of high-yielding crops and
enhancing storage period of food materials [1, 2]. Radiotherapy treatment, is an important
therapeutic option for a number of malignancies, that relies on the generation and use of reactive
oxygen species (ROS) such as hydroxyl radical (·OH), superoxide radicals (O2-.), singlet oxygen
and peroxyl radicals (ROO.) to destroy tumors, and in the process, non-target tissues are also
damaged [1, 3-5]. Therefore, the application of ionizing radiation to the treatment of malignant
tumors has been limited by the need to avoid extensive damage to normal tissues [2]. Hence,

development of novel and effective nontoxic radioprotectors has a great medical importance [7,
6].

Radioprotective agents are synthetic or natural products that are administrated to reduce
injuries caused by ionizing radiation. Recently, nanoparticles are gaining interest in the field of
radioprotection such as carbon (fullerenes), cerium oxide and Silver nanoparticles. They were
found to own antioxidant properties and several studies have shown the ability of these
nanoparticles in protection against radiation damages [8-16].

Melanin, a high molecular weight pigment that is ubiquitous in nature takes attention as
biomaterial because of its interesting properties and diverse biological functions [17, 18]. It has a
various number of functions in the biosystem, including, metal ion chelation, photoprotection to
absorb a broad range of electromagnetic radiation, thermoregulation and free radical quenching
[17-20]. Many fungi synthesize melanin, which is probable to confer a survival advantage in the
environment by protecting against environmental predators, heavy metal toxicity, and physical
insults such as ultraviolet and solar radiation [21, 22]. Recently there are studies that have
suggested that melanin can be a promising radioprotector [23-26]. Schweitzer et al. used silica
nanoparticles as carriers of melanin for delivery into the bone marrow to protect hematopoietic
cells against radiation fluxes during radiation therapy, but silica is not optimal to radiation
therapy due to its persistence in tissues [25].
A novel synthetic method of size-controllable melanin nanoparticles (MNPs) preparation was
developed by Ju et al. [27]. They were specified by having a good dispersibility in water and
biological media and an efficient radical scavenging activity.

The purpose of the current study is preparing melanin in the nano-range and investigating the
possible protective effects of MNPs in radiation challenged Chinese hamster ovary (CHO) K1
cells.

Materials and methods:
Materials
Dopamine hydrochloride (3, 4-Dihydroxyphenethylamine hydrochloride, MW 189.64), 1N
sodium hydroxide (NaOH) solution were purchased from Sigma-Aldrich.
Preparation of Melanin Nanoparticles
MNPs were synthesized according to the method developed by Ju et al., 2011; Lee et al., 2012
[27, 28]. Briefly, 180 mg of dopamine hydrochloride was dissolved in 90 ml deionized water to
prepare a dopamine HCl containing aqueous solution (pH 9.8). The solution was mixed by 760
µl of 1 N NaOH solution for neutralization. The resulting product had a faint yellowish color and
was stirred with hot plate & magnetic stirrer (MS-300HS, MISUNG SCIENTIFIC CO., LTD,
Japan) for 5 hours at 50º C for polymerization. The color of the solution gradually changed from
transparent to pale yellow and finally to dark brown. The resulting product was purified by
centrifugation three times at 6615 g for 30 min. Finally, pure melanin nanoparticles dispersed in
water were obtained after centrifugation at 625 g for 10 min.
Characterization of Melanin Nanoparticles:
The size and morphology of MNPs were studied by scanning electron microscope (SEM) (FEI
Quanta FEG 250 SEM, Howland). The mean particle size and the size distribution for MNPs
were determined by the light scattering apparatus (Zeta potential/ particle sizer NICOMP-TM
380 ZLS, USA) at 25º C dispersed in deionized water.
The structural characteristic of MNPs was determined by Fourier transform IR
spectrophotometer (Basic Vector, 22FT-IR, Germany).

Culture of Chinese hamster ovary (CHO) cells:
Chinese hamster ovary (CHO) K1 cells were obtained from the holding company for biological
products and vaccine (VACSERA, Egypt). (CHO) K1 cells were grown in Ham's F-12 culture
medium (Lonza) and 10% fetal bovine serum (Biowest). The cells were maintained in a
humidified incubator at 37 ºc and supplied with 95% O2 and 5% CO2.

Irradiation of cells:
The irradiation of the cells was carried out at the Radiotherapy Department of the
Children's Cancer Hospital, Egypt, using 6 MeV photon beam generated by Siemens linear
accelerator model Siemens ONCOR Expression (Siemens Medical Solutions, Malvern, PA),
output factors were checked once a week. Flatness of the field was also checked once a week and
was maintained within 2%. A 6 Gy radiation dose was used in this study.
Cell viability:
Cell viability was measured by the neutral red assay [29]. CHO cells were cultured into 96well plate at a density (5,000 cells/ well). After the cells were attached, the original media
solution was replaced with a media solution containing four different concentrations (6.25, 12.5,
25 and 50 µg/ml). Plain media was used as the control. After 3 hours, cells in the radiation
groups were exposed to radiation, while cells in the control group did not receive any radiation.
Cells were returned to the incubator and maintained at 37 °C, 95% O2, and 5% CO2 for an
additional 24 h after irradiation. Then 20 µl of neutral red solution was added to each well and
plates were incubated for additional 24 hours, and the absorbance was read at 540 using an
ELIZA microplate reader (Meter tech. ƹ 960, USA).

Results& Discussion:
MNPs were prepared by simple oxidation of dopamine hydrochloride according to the method
of Ju et al, 2011; Lee et al, 2012 [24, 25] and were characterized using several techniques. FTIR spectrum was used to confirm melanin structure, where figure (1) shows the FT-IR spectrum of
MNPs. Absorption band with varying intensities were observed at 3456 cm-1 , 2357 cm-1, 2194
cm-1, 1640 cm-1, 1531 cm-1, 1424 cm-1, 1321 cm-1, 878 cm-1, 763 cm-1 and 665 cm-1. The bands
could arise from symmetric and asymmetric stretching and bending of bonds in a variety of
functional groups such as amine, carboxylic, carboxylate, phenolic aliphatic CH3, CH2, C-H,
aromatic C-H, etc. [27, 30, 31]. The shape and size of MNPs were examined by SEM (figure 2).

SEM image shows well dispersed and un-aggregated sphere nanoparticles that have a diameter
around 80±7 nm. This result was confirmed by measuring dynamic light scattering (DLS) (figure
3). The figure represents a typical size distribution graph for melanin nanoparticles. As shown in
the figure, the size of MNPs is centered at 83.48 nm with a relatively narrow distribution.

In order to study the protective effects of MNPs in radiation-induced cytotoxicity, CHO cells
were pretreated with 6.25, 12.5, 25 and 50 µg/ml MNPs, followed by a 6 Gy radiation exposure.
Figure (4) shows the effects of MNPs on radiation-induced cytotoxicity. The 6 Gy radiation
challenge caused a 46% loss in cell viability, as compared to that of the control group. This
result was in agreement with the previous investigations which reported a decrease in cell
viability caused by ionizing radiation [32]. Pretreatment with MNPs clearly aided in preventing
loss of cell viability. At low concentration of MNPs (6.25 µg/ml), the viability increased
compared to radiation control but this increase is not significant. Increasing the concentration
lead to increase the cell viability. At higher concentration of MNPs in irradiated group, there was
a significant increase in cell viability. Higher concentrations of MNPs resulted in higher cell viability.
At 12.5, 25 and 50µl/mg cell viability was restored to about 71, 81 and 92 % respectively of the control
group. There was a greater protective effect when higher concentrations of MNPs were used.

These results clarify the ability of MNPs in protecting normal cells from radiation-induced
cytotoxicity. There was no change in the cell viability between the control groups that means
MNPs did not have any cytotoxic effects on CHO cells.

Conclusion
The observed improvement of cell viability for different concentrations of MNPs implies that
MNPs could investigate in vivo and in the future could be used extensively in radiotherapy.

Figure 1: FT-IR spectrum of melanin nanoparticles (MNPs).

Figure 2: Scanning electron microscope (SEM) image of melanin nanoparticles (MNPs).

Number (%)

Size distribution by number

Size (d.nm)

Figure 3: Size distribution of melanin nanoparticles (MNPs) measured by dynamic light scattering. The data points are
the means of three independent measurements.
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Figure 4: Protective effects of MNPs in radiation-induced cytotoxicity: survival fraction of CHO cells after 6 Gy of
radiation in the presence of different concentrations of MNPs compared to controls (with different conc. of MNPs or with
and without MNPs). The data points are represented as mean ± SD (n=3). (a-P< 0.05) when compared to the control (zero
conc. of MNPs) group; (b-P< 0.05) when compared to the irradiated (zero conc. of MNPs) group.
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