Eliminating Active Species by Endohedral Metallofullerenol in vitro and in vivo
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ABSTRACT

We previously demonstrated that gadolinium
endohedral metallofullerenol Gd@Cg,(OH),, nanoparticles
had high inhibitory activity on growth of malignant tumor
in vivo by uncertain mechanism(s). The activities of
enzymes associated with the metabolism of reactive oxygen
species (ROS) were decreased in the tumor-bearing mice by
intraperitoneally injection of Gd@Cg,(OH),, nanoparticles .
In current study, systemic investigation of the potential
function of Gd@Cg,(OH),, nanoparticles found that it
expressed direct scavenging activity toward active species.
Electron spin resonance (ESR) spectroscopy, the state-of-
art technique to measure chemical active species that have
one or more unpaired electrons in parallel, was employed to
measure  free radicals scavenging activities  of
Gd@Cg(OH),, nanoparticles in vitro. Pre-treatment with
Gd@Cg(OH),, nanoparticles significantly reduced ESR
signal of various of reactive oxygen species. In addition,
Gd@Cgy(OH),, nanoparticles demonstrated extensively
scavenging activities of active species measured in vivo,
which was consistent with reduced progression of cancer
cells treated with Gd@Cg(OH),, nanoparticles. In
summary, results obtained in this study revealed strong
active species-scavenging activities of GA@Cg(OH),,
nanoparticles in vitro and in vivo. Scavenging activities of
hydroxylated =~ Gd@Cg,(OH),, ~ nanoparticles  was
systemically measured in different milieu, and
demonstrated the inhibition of tumor progression by
treatment with GAd@Cg,(OH),, nanoparticles likely due to
eliminating active species.
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1 INTRODUCTION
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Figure 1. Diagram of [Gd@Cg,(OH),,], nanoparticles
based on theoretical calculation

Gd@Cg(OH)», is a functional fullerenol with metal
gadolinium. The gadolinium atom is trapped inside
fullerene cage and it was originally designed as magnetic
resonance imaging (MRI) contrast agent for biomedical
imaging (See Figure 1). In our previous publications, we
have reported the chemical and physical properties of
unique Gd@Cg,(OH),, [1-3]. Recently, we also found that
Gd@Cg(OH),, could inhibit tumor growth in tumor-
bearing mice [4, 5]. Further studies indicated that its
therapeutic effects are not due to toxicity to tumor cells, but
a regulation process on oxidative-related enzymes [4].

Since free radicals are usually known as crucial factors
of tumor development, more and more studies focus on the
possible effects of antioxidants in cancer therapy. Various
reagents, including Cg fullerene derivatives, have been
found with antioxidative effects. Previous studies have
demonstrated that hydroxylated fullerene derivatives and
Ceo-malonic acid are both effective in protecting nerve[6]
and eliminating free radicals[7]. Dugan et al. showed that
three-malonic acid modified Cgy (C3) was a potent ROS-
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scavenger, which had the activity to prevent the apoptosis
of cultured cortical neurons [8].

To be hydroxylated  fullerene  derivatives,
Gd@Cgy(OH)y, is similar to other hydroxylated Cgp,
hydroxyl groups asymmetrically distributed on the surface
of GAd@Cg, could serve as electron reactive sites. The
specific surface area of Gd@Cg,(OHy, presents it as
optimized scavenger for free radicals. Although we have
reported that Gd@Cg(OH),, are capable of modulating
oxidative system in animal model [4], there is no thorough
research on the molecular mechanism and it is far less
known for the regulation details. Consequently, in this
study we use ESR spin-trap technique to directly detect the
scavenging activities of Gd@Cg,(OH),, on different types
of free radicals. We also determined the protection effects
of Gd@Cg,(OH),, on oxidative stress-induced cell damage
by using human lung adenocarcinoma cells A549 and rat
brain capillary endothelial cells (rBCECs). We found that
Gd@Cgy(OH),, could effectively reduce H,0,-induced free
radical formation and mitochondrial damage, resulting in
increasing the cell viability in cellular injury system.

2 MATERIALS AND METHODS

2.1 Materials

Gd@Cg,(OH),, with high purity were synthesized as
previously described protocol [9, 10]. The nanoparticles
were characterized and the average size was about 22.4 nm
in diameter, which was measured by high resolution atomic
force microscopy and synchrotron radiation small angle
scattering.

2.2 ESR Measurement

The ESR spectrum was measured using a Varian E-109
X-Band ESR Spectrometer (Varian Inc., Palo Alto, CA). To
analyze the changes of free radicals captured by
Gd@Cgy(OH),, we used specific probes for measurement
of various of free radicals in a cell-free system. The
concentrations of Gd@Cg,(OH),, used in these free
radicals measure system are different to demonstrate the
maximal radical scavenging efficacy. The intensity of the
ESR spectra was recorded and all experiments are done at
room temperature (27°C). Each experiment was repeated at
least three times.

2.3 Cell Culture

Human lung adenocarcinoma A549 cells got from
ATCC (Manassas, VA) were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10% FBS and antibiotics (100 IU/mL penicillin and 100
pg/mL streptomycin) at 37 C in 5% CO,. Primary brain
capillary endothelial cells (rBCEC) was accomplished
following a modified protocol of Deli et al.[11]. Four 85-

90g Wistar rats were sacrificed by cervical dislocation,
followed by forebrains collection. Then the meninges were
removed and the tissue was minced and digested with a
type II collagenase. After centrifugation (1500 rpm, 5
min), the pellet was re-suspended in DMEM with FBS
(20% wiv). Processes of suspension and centrifugation
were repeated for three times, then the capillary pellet was
collected and cell suspension were cultured in DMEM
medium with 20% fetal bovine serum (FBS), supplemented
with 10U/ml Heparin (Sigma-Aldrich Co, USA), 100U/ml
penicillin-streptomycin solution and 150 pg /ml endothelial
cell growth factor (ECGF). All experiments were done by
using the third passage, and were repeated at least three
times.

2.4 Protection on H,O,-induced Cell Damage

We used a cytotoxicity assay to determine the
protection effects of GAd@Cg,(OH),, on cultured Human
lung adenocarcinoma A549 cells and Primary brain
capillary endothelial cells (rBCEC). The assay was
performed using water-soluble tetrazolium salt, a chemical
measure kit named Cell Counting-8 Kit (CCK-8 assay Kkit,
Dojindo Laboratories, Japan) according to the instructions
of the manufacturer. 1x10° cells were passaged in the 96-
well plate before incubation. Then different concentrations
of Gd@Cg,(OH),, nanoparticles diluted in phosphate buffer
solution (PBS) were added in cell medium. After 24 h
incubation, the medium was replaced with fresh medium
contained 50 pM H,0,. After treatment for 2h, the cells
were washed with PBS for viability detection. One volume
CCK-8 solution was added into 10 volume DMEM medium
and each group was measured in triplicate. The samples
were incubated at 37 °‘C for 1.5 h before collection the
absorbance at 450nm. The H,0, concentration that used on
A549 and rBCECs cells was 10uM. 1.5pug/ml tea
polyphenol was used as positive control.

2.5 Statistical Analysis

All data are expressed as mean + S.D. Values for cell
viability was shown as the percentage of the mitochondria
dehydrogenase activity corresponding to that of control
cells. The unpaired student t- test was applied to identify
significant differences between the treated and non-treated
control. For the ESR experiments, one-way analysis of
variance (ANOVA) followed by a post hoc Fisher least
significant difference test was applied. P less than 0.05 was
considered to indicate a significant difference.

3 RESULTS AND DISCUSSION

We found the effective regulation of Gd@Cgy(OH)»,
on superoxide dismutase (SOD) by using a liver tumor-
bearing mice model[4]. The results demonstrated that there
was obviously reduced SOD activities for mice treated with
Gd@Cg(OH),, nanoparticles compared to that of saline
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group (untreated group) ( see Figure 2), which indicated
that Gd@Cg(OH),, nanoparticles could effectively
modulate the activities of enzymes-associated with
oxidative stress.
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Figure 2. Activities of superoxide dismutase (SOD) in the
liver of mice treated with Gd@Cgy(OH),, nanoparticles [4].

The above in vivo results in Figure 1 demonstrated that
there is a close relationship between Gd@Cg,(OH),,
nanoparticles and free radicals. ESR technique was
employed in order to clarify the potential interaction of
Gd@Cgy(OH),, nanoparticles with several typical free
radicals. Different free radical (DPPH, O,”, HO", *O,) were
generated and measured in a pure chemical reaction system
with or without Gd@Cg,(OH),, nanoparticles. The results
demonstrated that free radicals were reduced in presence of
Gd@032(OH)22 (Table 1)

Free DPPH

radicals

Reduced

rate (%) 59.4 44.4 58.4 19.8

Table 1: Significantly free radicals scavenging ability of
Gd@Cg2(OH)22.

Active species are known to be associated with a wide
range of acute and chronic human diseases, even including
tumor initiation, therefore, it might be another effective
way to inhibit tumor growth by reducing oxidative stress
during tumor development. In this study, the employed
ESR technique systematically provides direct evidence that
Gd@Cg(OH),, nanoparticles can markedly scavenge
different types of free radicals in vitro and in vivo. These
results are consistent with the previously reported sparing
effects of Gd@Cg(OH),, nanoparticles on oxidative

NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8504-4 Vol. 2

damage in the livers of tumor-bearing mice [4]. The overall
results in this study suggest that scavenging of reactive
chemical species by Gd@Csg,(OH),, nanoparticles could
play a vital role in the inhibition of tumor growth.

Acknowledgements

This study is financially supported by the Chinese
Academy of Sciences (CAS) “Hundred Talents Program”
(071651117X), the 973 programs (2006CB705600,
2007CB935604), the Natural Science Foundation of China
(NSFC) (10525524 and 20751001), and the CAS
Knowledge Innovation Program. This work was also
supported in part by NIH/NCRR/RCMI 2G12RR003048,
NIH 5U 54CA091431, and USAMRMC W81XWH-05-1-
0291 grants.

REFERENCES

[1] J. Tang, G. Xing, F. Zhao, H. Yuan, Y. Zhao,
"Modulation of structural and electronic properties
of fullerene and metallofullerenes by surface
chemical modifications"”, Journal of nanoscience
and nanotechnology, 7, 1085-1101, 2007.

[2] S. Hino, H. Takahashi, K. lwasaki, K. Matsumoto,
T. Miyazaki, S. Hasegawa, K. Kikuchi, Y. Achiba,
"Electronic structure of metallofullerene LaC82:
Electron transfer from lanthanum to C82",
Physical review letters, 71, 4261-4263, 1993.

[3] J. Tang, G. Xing, Y. Zhao, L. Jing, H. Yuan, F.
Zhao, X. Gao, H. Qian, R. Su, K. lIbrahim, W. Chu,
L.  Zhang, K.  Tanigaki, "Switchable
semiconductive property of the polyhydroxylated
metallofullerene”, J Phys Chem B, 111, 11929-
11934, 2007.

[4] J. Wang, C. Chen, B. Li, H. Yu, Y. Zhao, J. Sun,
Y. Li, G. Xing, H. Yuan, J. Tang, Z. Chen, H.
Meng, Y. Gao, C. Ye, Z. Chai, C. Zhu, B. Ma, X.
Fang, L. Wan, "Antioxidative function and
biodistribution of [Gd@C82(0OH)22]n
nanoparticles in tumor-bearing mice", Biochemical
pharmacology, 71, 872-881, 2006.

[5] C. Chen, G. Xing, J. Wang, Y. Zhao, B. Li, J.
Tang, G. Jia, T. Wang, J. Sun, L. Xing, H. Yuan,
Y. Gao, H. Meng, Z. Chen, F. Zhao, Z. Chai, X.
Fang, "Multihydroxylated [Gd@C82(OH)22]n
nanoparticles: antineoplastic activity of high
efficiency and low toxicity", Nano letters, 5, 2050-
2057, 2005.

[6] L.L. Dugan, J.K. Gabrielsen, S.P. Yu, T.S. Lin,
D.W. Choi, "Buckminsterfullerenol free radical
scavengers reduce excitotoxic and apoptotic death
of cultured cortical neurons”, Neurobiology of
disease, 3, 129-135, 1996.

[7] M.C. Tsai, Y.H. Chen, L.Y. Chiang,
"Polyhydroxylated C60, fullerenol, a novel free-
radical trapper, prevented hydrogen peroxide- and

525



cumene hydroperoxide-elicited changes in rat
hippocampus in-vitro", The Journal of pharmacy
and pharmacology, 49, 438-445, 1997.

[8] L.L. Dugan, D.M. Turetsky, C. Du, D. Lobner, M.
Wheeler, C.R. Almli, C.K. Shen, T.Y. Luh, D.W.
Choi, T.S. Lin, "Carboxyfullerenes as
neuroprotective agents”, Proceedings of the
National Academy of Sciences of the United
States of America, 94, 9434-9439, 1997.

[9] J.X. Tang, GM. Yuan, H. Cao, WB. lJing, L. Gao
XF. et al, "Tuning electronic properties of metallic
atom in bondage to a nanospace”, J Phys Chem B,
109, 8779-8785, 2005.

[10] G.M. Xing, J. Zhao, Y.L. Zhao, J. Tang, B. Zhang,
X.F. Gao, H. Yuan, L. Qu, W.B. Cao, Z.F. Chai,
"Influences of structural properties on stability of
fullerenols”, J Phys Chem B, 108, 11473-11479,
2004.

[11] M.A. Deli, C.S. Abraham, M. Niwa, A. Falus,
"N,N-diethyl-2-[4-
(phenylmethyl)phenoxy]ethanamine increases the
permeability of primary mouse cerebral
endothelial cell monolayers”, Inflamm Res, 52
Suppl 1, S39-40, 2003.

526 NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8504-4 Vol. 2



	Gd@C82(OH)22 with high purity were synthesized as previously



