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Abstract—We examined the human immunodeficiency virus-reverse transcriptase and hepatitis C virus RNA-dependent RNA poly-
merase inhibition activities of cationic, anionic, and amino acid-type fullerene derivatives. Among the fullerene derivatives, the
amino acid-type fullerene derivative was the most efficient in human immunodeficiency virus-reverse transcriptase inhibition.

© 2004 Elsevier Ltd. All rights reserved.

Both the human immunodeficiency virus (HIV) and the
hepatitis C virus (HCV) are RNA viruses and have sim-
ilar enzymes. For example, HIV-reverse transcriptase
and HCV-RNA-dependent RNA polymerase are
RNA-dependent polymerases, which are essential for
the replication of the virus. Indeed, HIV-RT is one of
the major targets for anti-HIV agents.

HIV infection is one of the major causes of morbidity
and mortality in the world. There are many anti-HIV
agents, but their efficiency is not very high. Moreover,
the emergence of drug-resistant mutant forms of HIV
requires the development of effective and well-tolerated
new remedies.

HCYV is the major etiological virus of non-A and non-B
hepatitis. An estimated 2-3% of the world population is
chronically infected with HCV. HCV infection causes
severe liver disease and can lead to the development of
hepatocellular carcinoma. Now, interferon and repavi-
rin are used for HCV therapy, but their therapeutic ratio
is low. HCV RNA-dependent RNA polymerase, prote-
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ase, and helicase, which are essential for the virus repli-
cation, are new targets for an anti-HCV drug.

These threats provide motivations to search for new
types of lead compounds to be used as medicine against
HIV and HCYV infection.

The biological effects of fullerene and its derivatives are
also of interest.!> Some biological activities based on
their unique physical properties and chemical reactivities
have been reported. For example, DNA scissions®* and
the oxidation of biological materials® depend on photo-
induced active oxygen production by the fullerene.® For
other interesting enzymes, for example, glutathione
transferase, glutathione reductase, and nitric oxide syn-
thase, the inhibition activities of fullerene derivatives
have also been reported.” ' We intend to develop fuller-
ene derivatives as a new type of lead compound to be
used as medicine and have reported that the anionic ful-
lerene derivatives, carboxy fullerene, show interesting
antioxidant activities,"' and the cationic derivatives,
Ceo-bis(V,N-dimethylpyrrolidinium iodide) and its
alkylated derivatives, have excellent antibacterial and
antiproliferative activities.!?

In this report, we studied the HIV-RT and HCV-RP
inhibition activities of anionic (1), cationic (2-6),
and amino acid types (7, 8) fullerene derivatives
(Fig. 1).
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Fig. 1. Structures of fullerene derivatives 1-8, nevirapine, and thiadiazine analog.

We previously reported the preparation of fullerene
derivatives, 1 to 8.%12 5 and 6 were mixtures of regio-iso-
mers, and 7 and 8 were mixtures of stereo-isomers. All
fullerene derivatives were dissolved in DMSO to apply
biological assay systems. Nevirapine, non-nucleoside
analog of the HIV-RT inhibitor,!? was also used as a
DMSO solution.

The HIV-RT inhibition activities were examined accord-
ing to Mizrahi et al.'* DMSO sample solution (1 uL)
and 1 uL of HIV-RT (0.01 U/mL) were added to a
18 pL reaction mixture containing 50 mM Tris—HCI
(pH 8.3), 30 mM NaCl, 10 mM MgCl,, 5mM dithio-
threitol, 0.125 mg/mL g)Oly(rA)~oligo(dT),'2’18 and
2.5uM dTTP including **P-dTTP. It was incubated
for 1 h at 37 °C. Then, 10 uLL of the reaction mixture
was taken and placed on a Whatman® DES81 chroma-
tography paper. After the chromatography paper was
dried, it was washed three times with a 0.5 M NaH,PO,
buffer (pH 7.0), 70% ethanol, and ethanol. The radioac-
tivity of the dried chromatography paper was counted
with a liquid scintillator, and the HIV-RT activity was
measured. ICsos are means of three experiments.

The HIV-RT inhibition activity of the fullerene deriva-
tives is listed in Table 1. All examined fullerene deriva-
tives were more effective than the non-nucleoside
analog of the HIV-RT inhibitor, nevirapine. Nevirapine,
under the brand name Viramume®, is now used for HIV
infection. Especially, the amino acid-type fullerene
derivative, 7, strongly inhibited HIV-RT. However, the
other amino acid-type derivative, 8, was less effective
than 7. Two carboxylic groups at the pyrrolidine ring
appeared to be important for inhibition in the case of
the amino acid derivatives. The HCV-RP inhibition

Table 1. HIV-RT inhibition activity of fullerene derivatives

Compound 1Cs (uM) Compound 1Cso (UM)
1 1.2 6 1.3

2 1.6 7 0.029

3 14 8 1.0

4 1.7 Nevirapine 3.0

5 0.50

activities of the three regio-isomers, 2, 3, and 4, were
not significantly different. In addition, the long alkyl
group had a small effect.

There are two major targets for anti-HIV agents, that is,
HIV-protease and HIV-reverse transcriptase. Molecular
modeling studies have revealed that the Cgy-core could
fit into the large and highly hydrophobic substrate-bind-
ing site of HIV protease. Indeed, some fullerene deriva-
tives inhibited HIV protease.'> However, this is the first
report that the fullerene derivatives also have HIV-RT
inhibition activity. Recently, Bosi et al. have reported
the anti-HIV activity of fullerene derivatives.!® They
speculated that the mechanism of anti-HIV activity is
HIV-protease inhibition but lacked experimental evi-
dence. Our HIV-RT inhibition results demonstrate an-
other possible mechanism of the anti-HIV activity of
fullerene derivatives.

HCV-RP inhibition activities were examined according
to Yamashita et al.'” The assay was performed in a total
volume of 40 pL containing 20 mM Tris—HCI (pH 7.5),
SmM MgCl,, 1 mM dithiothreitol, 1 mM EDTA, 20
units of RNase inhibitor, 0.125 mg/mL pole(-
rA)-oligo(dU);,_13, and 2.5 uM dUTP including 32p.
dUTP. It was incubated for 2 h at 30 °C. Then, 10 pL
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of the reaction mixture was taken and placed on a
Whatman® DES1 chromatography paper. After the
chromatography paper was dried, it was washed three
times with a 0.5 M NaH,PO, buffer (pH 7.0), 70% etha-
nol, and ethanol. The radioactivity of the dried chroma-
tography paper was counted with a liquid scintillator,
and the HCV-RP activity was measured. ICsps are
means of three experiments.

Among the examined fullerene derivatives, cationic
derivatives were more effective than others (Table 2).
Similarly to the HIV-RT inhibition results, the HCV-
RP inhibition effects of the three regio-isomers, 2, 3,
and 4, were not significantly different. In the case of
HIV-RT inhibition, the long alkyl group had a small ef-
fect, but the addition of the long alkyl chain into the ful-
lerene derivative depressed the HCV-RP inhibition
activity. The ICs, values of 2-4 were almost comparable
to those of the benzo-1,2,4-thiadiazine analog (Fig. 1), a
potent, specific inhibitor of the HCV-RP.!® However,
further optimization of the structure of the fullerene
derivatives was required. 7 was not so effective to
HCV-RP in comparison with the case of HIV-RP
inhibition.

We have reported the antioxidant,!' antibacterial, and
antiproliferative activities of fullerene derivatives.!?
With regard to the antioxidant activity, carboxy fuller-
ene derivatives such as 1 decreased the active oxygen
toxicity. For the antibacterial and antiproliferative
agents, cationic derivatives such as 2 to 6 were promis-
ing agents. The data in this report indicated that the
amino acid-type fullerene derivative, 7, was an excellent
lead compound for an anti-HIV agent. Fullerene deriv-
atives have many interesting biological activities, as we
and other groups have already reported.> !> These activ-
ities depend on the properties of the fullerene core,
while the substituents on the fullerene core control
and modify the biological activities of fullerene
derivatives.

The effects of three regio-isomers, 2, 3, and 4, in HIV-
RT inhibition, HCV-RP inhibition, antibacterial activ-
ity, and antiproliferative activity'?> were not significantly
different. These findings indicate that it is not necessary
to separate the regio-isomers to study the biological
activities of fullerene derivatives.

We are now investigating the mechanisms of HIV-RT
inhibition and HCV-RP inhibition.

11.

12.

13.

14.

15.

16.

17.

18.

References and notes

. Kroto, H. W.; Heath, J. R.; O’Brien, S. C.; Curl, R. F;

Smally, R. E. Nature (London) 1985, 318, 162.

. Tagmatarchis, N.; Shinohara, H. Mini Rev. Med. Chem.

2001, 7, 339.

Boutorine, A. S.; Tokuyama, H.; Takasugi, M.; Isobe, H.;
Nakamura, E.; Helene, C. Angew. Chem., Int. Ed. Engl.
1994, 33, 2462.

. Yamakoshi, Y. N.; Endo, T.; Sueyoshi, S.; Miyata, N. J.

Org. Chem. 1996, 61, 7236.

Sera, N.; Tokiwa, H.; Miyata, N. Carcinogenesis 1996, 17,
2163.

Hamano, T.; Okuda, K.; Mashino, T.; Hirobe, M.;
Arakane, K.; Ryu, A.; Mashiko, S.; Nagano, T. J. Chem.
Soc., Chem. Commun. 1997, 21.

. Nakamura, E.; Tokuyama, S.; Yamago, S.; Shiraki, T.;

Sugiura, Y. Bull. Chem. Soc. Jpn. 1996, 69, 2143.

Iwata, N.; Mukai, T.; Yamakoshi, Y. N.; Hara, S;
Yanase, T.; Shoji, M.; Endo, T.; Miyata, N. Fullerene Sci.
Technol. 1998, 6, 213.

. Mashino, T.; Okuda, K.; Hirota, T.; Hirobe, M.; Nagano,

T.; Mochizuki,
191.

M. Fullerene Sci. Technol. 2001, 9,

. Wolff, D. J.; Mialkowski, K.; Richardson, C. F.; Wilson,

S. R. Biochemistry 2001, 40, 37.

Okuda, K.; Hirota, T.; Hirobe, M.; Nagano, T.; Moc-
hizuki, M.; Mashino, T. Fullerene Sci. Technol. 2000, 8,
127.

Mashino, T.; Nishikawa, D.; Takahashi, K.; Usui, N.;
Mochizuki, M. Bioorg. Med. Chem. Lett. 2003, 13,
4395.

Merluzzi, V. J.; Hargrave, K. D.; Labadia, M. J;
Grozinger, K.; Skoog, M.; Wu, J. C.; Shinh, C.; Shinh,
C. K.; Eckner, K.; Hattooy, S.; Sullivan, L. L. Science
1990, 250, 1411.

Mizrahi, V.; Lazarus, G. M.; Miles, L. M.; Meyers, C. A.;
Debouck, C. Arch. Biochem. Biophys. 1989, 273,
347.

Friedman, S. H.; Ganapathi, P. S.; Rubin, Y.; Kenyon, G.
L. J. Med. Chem. 1998, 41, 2424.

Bosi, S.; Da Ros, T.; Spalluto, G.; Balzarini, J.; Prato, M.
Bioorg. Med. Chem. Lett. 2003, 13, 4437.

Yamashita, T.; Kaneko, S.; Shirota, Y.; Qin, W.; Nomura,
T.; Kobayashi, K.; Murakami, S. J. Biol. Chem. 1998, 273,
15479.

Dhanak, D.; Duffy, K. J.; Johnston, V. K.; Lin-Goerker,
J.; Darcy, M.; Shaw, A. N.; Gu, B.; Silverman, C.; Gate,
A. T.; Nonnemachar, M. R.; Earnshaw, D. L.; Casper, D.
J.; Kaura, A.; Baker, A.; Greenwood, C.; Gutshall, L. L.;
Malay, D.; Delvecchio, A.; Macarron, R.; Hofman, G. A_;
Alnorh, Z.; Cheng, H.-Y.; Chan, G.; Khandekar, S.;
Keenan, R. M.; Sarisky, R. T. J. Biol. Chem. 2002, 277,
38322.



	Human immunodeficiency virus-reverse transcriptase inhibition and hepatitis C virus RNA-dependent RNA polymerase inhibition activities of fullerene derivatives
	Acknowledgements
	References and notes


