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Abstract

As nanotechnology and materials science has made rapid development,
nanomaterials have been widely applied in many fields. Due to their unique chemical
and physical features of Cgo, the biological activities of fullerenes have been
recognized in recent years. As important members of the fullerene, fullerenes Cgo and
Cz may spark an abundance of application in biomedicine field because of their
startling features such as straightforward synthesis and easily modification. Some of
the previous reports indicated that water-soluble Cgo derivatives had excellent ability
to protect cells against ROS-associated damage. However, there is little evidence
concerning ROS-scavenging capacity of water-soluble C;¢ derivatives. In the present
study, we tested the ability of water-soluble C; derivatives C7o(C(COOH),)s and
C70(OH)34 in protecting cells from oxidative damage induced by H,O,. Furthermore,
we compared the two Cy derivatives with Cgo(OH),4 to analyze the possible
protective role of water-soluble C;o derivatives using A549 cells.The main contents
and results are as follows:

1. The chemically modified polyhydroxylated fullerene derivatives and malonic
acid fullerene derivatives were synthesized. The compounds were characterized
by FI-TR. XPS. MS. SEM. TEM. AFM and zeta potential. The chemical form
of the three fullerene derivatives used for the experiment in vitro were finally
determined to be C7o(C(COOH),)s, C70(OH)ss and Cgo(OH).s. The average
diameters of nanoparticles determined by DLS were 70, 32, and 117 nm,
respectively. Prepared fullerene derivatives are most stable under physiological
pH.

2. H,0; is particularly attractive as a model oxidant because its cellular actions and
its fate have been well studied. Cell viability was determined by using the CCK-8
assay and hoechst stain. Intracellular ROS was analyzed fluorometrically by
measuring the oxidation of the nonfluorescent probes 2',7'-dichlorofluorescein
diacetate (DCFH-DA) to the fluorescent metabolites dichlorofluorescein (DCF).

The concentration of intracellular free calcium [Ca®*]; was measured by means of
i



the cell-permeable fluorescent calcium indicator Fluo-3/AM using a flow
cytometry. Apoptotic cell death was detected by Annexin V-FITC/PI staining. Our
study demonstrated that C7o(C(COOH),)4, C70(OH)s4 and Cgo(OH)24 protect cells
against oxidative stress-induced cell damage, suppressing the elevation of
intracellular ROS and Ca?*, along with the apoptotic cell death.

3. Furthermore, exposure of A549 cells to H,O, caused a reduction in antioxidant
enzyme activities of superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH-Px), and an increment in malondialdehyde (MDA) level.
Moreover, H,O, caused significant elevation in intracellular caspase-3 activity,
and the loss of MMP as determined by flow cytometric assay. However,
pretreatment of the cells with fullerene derivatives prior to H,O, exposure
blocked these H,O,-induced cellular events noticeably. DPPH assay showed the
following sequence of antioxidant efficiency: C;0(OH)ss > Cgo(OH)2s >

C70(C(COOH)y)a.
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