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Abstract

Since the 1980s, carbon fullerene materials have been investigated for medical applications in humans. Fullerene materials are
composed of carbon atoms and are compatible with the human body. They reduce free radicals in cells, provide anti-inflammatory
effects, and inhibit tumor growth in the body. However, the primary antioxidant benefit of fullerene materials might be through the
activation of Nrf2. Fullerene materials do not interfere with lung surfactant lipids. They regulate the effects of free radicals in the
respiratory systems of humans and animals reducing the formation of tumors in cells or tissues. However, nanocarbon onion-like

fullerene materials’ safety, manufacture, and dosage should be further evaluated and established for the therapeutic use in humans.
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Abbreviations

DNA: Deoxyribonucleic Acid; NOLF: Nanocarbon Onion-Like Fullerene; Nrf2: Nuclear Factor (Erythroid-derived 2) Factor 2; PDT: Photo-
dynamic Therapy; RNA: Ribonucleic Acid; ROS: Reactive Oxygen Species

Introduction

Discovered in 1986, carbon fullerene materials triggered research of the into claims of their health benefits in the human body. Nano-
carbon onion-like fullerene (NOLF) materials have been used in research by humans as they are compatible with the body. In several
practical experiments, the fullerenes have proved to have life-extending and antioxidant effects in the human body. Through exposure

to fullerenes, medical research has been conducted on humans regarding the effects of the materials in various physiological processes.

Based on the free-radical scavenging mechanism and synchronizing of various complex processes in the body—such as protein syn-
thesis, metabolism, and cell division—fullerenes reduce free radicals in cells and provide anti-inflammatory effects, demonstrate tumori-
genicity, and destroy tumors that may grow in the body [1]. The application of the materials in vivo continues to increase regarding the
countering free radicals in cells and controlling the growth of tumors [2]. However, their the free-radical scavenging properties, although
much lauded, are just one mechanistic benefit of NOLFs. According to Kovac et al. (2015), the primary antioxidant benefit of fullerene
materials might be through the activation of the transcription of antioxidant master regulator nuclear factor (erythroid-derived 2) factor
2 (Nrf2) [3,4]. Pure forms of fullerene materials are widely used to produce anti-inflammatory effects and counter free radicals in cells

with minimum contamination of tissues [5].
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Discussion
The biocompatibility of nanocarbon onion-like fullerene (NOLF) materials

Fullerene materials are composed of carbon atoms, which make them compatible with the human body. Once in the human cells,
fullerene molecules are broken down to the core due to the action of various enzymes and lysosomes [6]. As a result of prolonged inhala-
tion, exposure, or dermal injection, the fullerenes are retained within the cells for extended periods resulting in evolutionary adaptation
to the biophysiological processes. Also, due to the biocompatibility properties of the nanocarbon onion-like fullerenes materials in the
body, the cells in the immune systems react with the new molecules. However, they do not result in significant responses in the body [7].
The homeostasis and coagulation processes improve with the fullerene carbon molecules, given their cell biocompatibility properties.
Specifically, pristine fullerenes undergo addition reactions with molecules due to their high affinity for electrons acting as oxidizing agents
and reducing radicals [8]. The pristine fullerene atoms remain stable in the body and do not interfere with biological processes. Fullerene
materials are used in the treatment of tumors due to their chemical structure and biocompatibility properties when introduced to human

cells.
Antitumor properties of nanocarbon onion-like fullerene molecules

When exposed to white light, the nanocarbon onion-like fullerene molecules absorb photon energy from the ultraviolet band. When
the molecules are exposed to light, fullerene undergoes excitation from its singlet to triplet state in the form of quantum reactions, where
electrons shift from one shell to another [9]. Consequently, the excitation of the fullerene molecules results in the rise of reactive oxygen
species (ROS) reactions in the body over time. The introduction of fullerene excitation in the body induces repair reactions in the epithe-
lium, where uracil is produced in the intestine. Subsequently, the Duox enzymes, produced in the intestines, result in damage to bacteria
that may attack the deoxyribonucleic acid (DNA), proteins, and the ribonucleic acid (RNA) in the body. Carbon fullerenes are applied in
photodynamic therapy (PDT) to destroy malignant tissues or tumors [10]. The fullerene materials are induced under exposure to the
light energy to trigger the cells’ ROS reactions to destroy malignant cells in the body. However, the fullerenes’ actions in eliminating body
tumors are governed within their cellular oxidative reaction limits to avoid damage to biological processes [2,4]. As a result, the produc-
tion of carbon fullerenes to be used in destroying tumors in the body should be regulated and evaluated for biocompatibility and reducing

toxicity to cells.
Longevity benefits associated with fullerenes

One of the actions of fullerenes in the body is the free-radical scavenging mechanism, where biological processes are not interfered
with as the materials adopt biological functions. The nanocarbon fullerenes act as antioxidants that protect body cells from the free radi-
cals produced during cell metabolic processes [11]. In in vivo medical research, the nanocarbon fullerene molecules have been found to be
compatible with cell metabolism, producing anti-inflammatory effects and reducing tumorigenicity [12]. Pure forms of pristine fullerene
molecules, with uniform catenation in their structure, are often produced for such experiments, eliminating contamination of the cells
involved. Through laboratory evaluation of these materials, the cellular adaptation and longevity benefits associated with fullerenes can

be achieved in humans and animals [13].
Fullerene materials and the respiratory system

In respiratory systems, the fullerene materials do not interfere with lung surfactant lipids, which reinforces their biocompatibility in
humans. Nanocarbon fullerene materials in the lungs are typically phagocytized by immune cells reducing fibrotic changes in the lungs.

As a result, these materials regulate the effects of free radicals in the respiratory systems of humans and animals to reduce the formation
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of tumors in cells or tissues. Also, due to their properties, nanocarbon fullerenes are maintained at pure levels to avoid the destruction of

cells and interference of cellular mechanisms in humans and animals [7].

Pristine fullerene materials’ safety should be established before intoduction into the human body. Moreover, the action of carbon
fullerenes in vivo can be used for intensive medical research in humans since the materials display biological compatibility in various cell
environments [14]. The studies conducted on human subjects confirmed the safety of the pristine fullerene materials when the length and
degree of exposure were controlled. However, batch consistency, dosage, and toxicity remain barriers to NOLF materials research in the

therapeutic application of nanocarbon onion-like fullerene materials [15].

Conclusion

Nanocarbon onion-like fullerene materials seem to elicit biological benefits in human bodies when introduced in safe amounts or lim-
ited exposure. These materials are purported to induce longevity and anti-inflammatory effects in cells without interference to cellular
mechanisms in the body. Fullerene materials have biocompatibility properties in various media wherein their molecules do not interfere
with biological mechanisms. The application of NOLF materials counters free radicals in cells and limits the growth of tumors. The free-
radical scavenging properties of NOLFs are commonly reported. Nonetheless, the activation of the transcription of antioxidant master
regulator Nrf2 is crucial in mediating protection against oxidants. Nanocarbon onion-like fullerene materials do not interfere with lung

surfactant lipids and help reduce fibrotic changes and inhibit tumor formation in the lungs.

Further research on the potential beneficial effects and possible adverse effects of fullerene materials in human cells or tissues should

be conducted to confirm or deny any medical advantages associated with their chemical structures and properties.
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Supplementary Note

This paper, as a mini-review, is designed as a brief introduction to nanocarbon onion-like fullerenes (NOLFs), regarding their applica-
tion in pulmonary medicine. Other articles have been or will be published on the application of NOLFs in the cardiovascular system, gas-
trointestinal system, neurological system, veterinary medicine, agriculture, pharmacology and toxicology, and other topics. These distinct
mini-review articles could have been combined into a much lengthier review or research article. However, to have done so, the subject
matter would have resulted in only one publication in one journal, to the exclusion of other medical specialties. The purpose of these
papers is to disseminate the purported biocompatibility and beneficial effects of NOLFs and variegated fullerene materials to the broad-
est audience of students, researchers, and medical practitioners as possible. The authors hope that the introduction to the application of
fullerene materials in various and diverse disciplines spawns curiosity and further research regarding these extraordinary substances.
Fullerene materials seem poised to become a vital part of the future of medicine, veterinary medicine, and agriculture. However, more re-
search is needed to determine any adverse effects of their long-term use. Also, the NOLF manufacturing process requires standardization
to provide consistent quality and batch samples. Dosage and duration of treatment with fullerene materials for specific conditions need

to be established by evidence-based research.
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