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Abstract: In this study, the analysis of XRD patterns reveals that both natural melanin and copper
oxide-doped melanin exhibit amorphous structures. The absence of new peaks for Cu2O confirms
that the copper oxide nanoparticles are effectively integrated into the melanin matrix. Utilizing
Scherrer’s equation, we calculated the crystallite size, which increased from 2.02 nm for natural
melanin to 3.01 nm after doping, suggesting a significant influence of copper ions on melanin structure.
Additionally, the VSM measurements demonstrate a shift from ferromagnetic behavior in the natural
melanin to paramagnetism in the doped samples, highlighting the impact of copper oxide on the
magnetic properties of melanin. These findings provide valuable insights into the biological and
functional transformations of natural melanin, furthering our understanding of its role in various
medical applications.
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1. Introduction

Natural eumelanin is a hybrid bio-polymer found in various living organisms. It
protects humans’ skin. Melanin can be categorized into different types based on its molecu-
lar precursors. Eumelanin, or black melanin, consists primarily of oligomers originating
from 5,6 di-hydroxy-indole and 5,6 dihydroxy-indole-2-carboxylic acid. It demonstrates
remarkable antioxidant capabilities in lipid peroxidation inhibition and in standard chem-
ical assays. In contrast, pheomelanin, known for its orange-red color, is formed from
benzothiazine ring units [1–3]. Neuro-melanin, a dark type, is believed to be a combination
of dihydroxy-indole and benzothiazine.

One of the primary biological functions of melanin is its capacity to chelate metals,
which helps reduce oxidative stress in the human body. By binding to reactive metal ions,
melanin exhibits high antioxidant activity [4,5]. The amine, carboxyl, and hydroxyl groups
within melanin are crucial for its metal-binding properties. It is essentially a reservoir for
metal ions that permits their exchange, re-release, and storage. Moreover, it effectively
sequesters reactive metals, thereby mitigating their potential to induce oxidative stress.

Melanin demonstrates a high binding capacity for ions such as Ca and Zn ions [6].
Sepia melanin can release heavier metals, functioning as a sink [7,8]. The Fenton and Haber–
Weiss reactions are two processes that catalyze transition metals to produce reactive oxygen
species (ROS). Our previous research has shown that natural melanin can bind to transition
metals such as zinc, iron, and copper, with their binding capacities determined [8,9]. These
metals can interchangeably bind to the carboxyl groups in melanin. Notably, the binding
capacity for certain transition metals (TMs) is often used as an indicator of the ratio amount
of dihydroxy- carboxylic acid molecules in natural melanin. As individuals age [10], a
decrease in binding capacity suggests a reduction in carboxyl groups or DHICA content,
leading to diminished antioxidant efficiency.
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2. Materials and Methods

Copper oxide nanoparticles were synthesized using the chemical co-precipitation
technique. In a typical procedure, 5 g of CuCl·2H2O and 10 g of Cu2Cl3·6H2O were
combined in distilled water under a nitrogen gas vacuum. The mixture was subjected
to vigorous stirring and heated to 100 ◦C. Subsequently, 10 mL of NaOH was gradually
introduced. The mixture was continuously stirred for 1 h. Afterward, the nanoparticles
were repeatedly rinsed with distilled water and dried under vacuum for 24 h. Herbal
eumelanin in this work was extracted from black seed (Nigella sativa). A total of 10 gm
of seeds was solubilized in a solution of NaOH (pH 10) for 1 h then this was stirred
with copper oxide for 3 h. The resulting nanoparticles were then washed twice with
distilled water and dried in an oven for 48 h. For the XRD results for the nanoparticles, a
Bruker D8 Discover diffractometer (Bruker, Karlsruhe, Germany) with Cu-Kα radiation
of wavelength 1.54 Å was used. Magnetic measurements were performed by using a
vibrating sample magnetometer (VSM, 7404 model-1.8T magnets, Lake Shore Cryotronics,
Westerville, OH, USA).

3. Results and Conclusions

Figure 1 presents the XRD curves of both the melanin and copper oxide-doped (Cu2O)
melanin samples. The XRD pattern shows both samples have a broad peak, indicating
an amorphous structure. The peak at (2θ = 22◦) indicates the formation of melanin. Fur-
thermore, no new peaks for Cu2O appear in the XRD result, confirming that the Cu2O
nanoparticles bonded well to the melanin molecules. The Scherrer equation is used to
calculate the crystallite size (D = kλ

βcosθ ), where D is the crystallite size of the nanoparti-
cles, (k = 0.9) is the constant for the spherical particles, λ is the wavelength of the XRD
(∼0.154 nm), and β is the FWHM of the Bragg angle. The average crystallite size of the
melanin nanoparticles before doping with copper oxide is 2.02 nm and the average size
increased significantly to 3.01 nm. The significant increase in the crystallite size of the
melanin doped with copper oxide is related to the size of copper ions [8].
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Figure 1. XRD pattern of natural melanin and natural melanin doped with Cu2O. 

Figure 2 shows a hysteresis loop at 300K°. The measured magnetization (M) per gram 
of all the samples was measured as a function of the magnetic field (H). The results show 
the ferromagnetic behavior of natural melanin becomes paramagnetic after doping with 
copper oxide. This change in magnetic behavior allows us to gain insight into certain bio-
logical and vital transformations of melanin. 
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Figure 1. XRD pattern of natural melanin and natural melanin doped with Cu2O.

Figure 2 shows a hysteresis loop at 300K◦. The measured magnetization (M) per gram
of all the samples was measured as a function of the magnetic field (H). The results show
the ferromagnetic behavior of natural melanin becomes paramagnetic after doping with
copper oxide. This change in magnetic behavior allows us to gain insight into certain
biological and vital transformations of melanin.
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Figure 2. Magnetization hysteresis loops of natural melanin and natural melanin after it was doped 
with Cu2O versus applied magnetic field at room temperature. 
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Figure 2. Magnetization hysteresis loops of natural melanin and natural melanin after it was doped
with Cu2O versus applied magnetic field at room temperature.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this work are available on request from the
corresponding author. Data are not publicly available due to privacy.

Conflicts of Interest: The author declares no conflicts of interest.

References
1. Ambrico, M.; Ambrico, P.F.; Ligonzo, T.; Cardone, A.; Cicco, S.R.; D’Ischia, M.; Farinola, G.M. From commercial tyrosine polymers

to a tailored polydopamine platform concepts, issues and challenges en route to melanin-based bioelectronics. J. Mater. Chem. C
2015, 3, 6413–6423. [CrossRef]

2. Riley, P.A. Melanin. Int. Biochem. Cell Biol. 1997, 29, 1235–1239. [CrossRef] [PubMed]
3. Tran, M.L.; Powell, B.J.; Meredith, P. Chemical & structural disorder in eumelanins: A possible explanation for broadband

absorbance. Biophys. J. 2006, 90, 743–752. [PubMed]
4. Bridelli, M.G.; Crippa, P.R. Theoretical analysis of the adsorption of metal ions to the surface of melanin particles. Adsorption 2008,

14, 101–109. [CrossRef]
5. Liu, Y.; Simon, J.D. Metal-ion interactions and the structural organization of Sepia eumelanin. Pigment. Cell Res. 2005, 18, 42–48.

[CrossRef] [PubMed]
6. Okazaki, M.; Kuwata, K.; Miki, Y.; Shiga, S.; Shiga, T. Electron relaxation of synthetic melanin and melanin conaining human

tissues as studied by electron spin echo and electron spin resonance. Arch. Biochem. Biophys. 1985, 242, 197–205. [CrossRef]
[PubMed]

7. Liu, Y.; Hong, L.; Kempf, V.R.; Wakamatsu, K.; Ito, S.; Simon, J.D. Ion exchange & adsorption of Fe (III) by Sepia melanin. Pigment.
Cell Res. 2004, 17, 262–269. [PubMed]

8. Madkhali, N.; Algessair, S. Exploring the optical properties of metal-modified melanin following ultra-violet irradiation: An
experimental and theoretical study using density functional theory. Heliyon 2024, 10, e10088. [CrossRef]

9. Madkhali, N.; Alqahtani, H.R.; Al-Terary, S.; Laref, A.; Haseeb, A. The doping effect of Fe, Cu and Zn ions on the structural
and electrochemical properties and the thermostability of natural melanin extracted from Nigella sativa L. J. Mol. Liq. 2019, 285,
436–443. [CrossRef]

10. Liu, H.; Yang, Y.; Liu, Y.; Pan, J.; Wang, J.; Man, F.; Zhang, W.; Liu, G. Melanin like nanomaterials for advanced biomedical
applications: A versatile platform with extraordinary promise. Adv. Sci 2020, 7, 1903129. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1039/C5TC00570A
https://doi.org/10.1016/S1357-2725(97)00013-7
https://www.ncbi.nlm.nih.gov/pubmed/9451820
https://www.ncbi.nlm.nih.gov/pubmed/16284264
https://doi.org/10.1007/s10450-007-9059-8
https://doi.org/10.1111/j.1600-0749.2004.00197.x
https://www.ncbi.nlm.nih.gov/pubmed/15649151
https://doi.org/10.1016/0003-9861(85)90493-X
https://www.ncbi.nlm.nih.gov/pubmed/2996430
https://www.ncbi.nlm.nih.gov/pubmed/15140071
https://doi.org/10.1016/j.heliyon.2024.e29287
https://doi.org/10.1016/j.molliq.2019.04.063
https://doi.org/10.1002/advs.201903129
https://www.ncbi.nlm.nih.gov/pubmed/32274309

	Introduction 
	Materials and Methods 
	Results and Conclusions 
	References

