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ABSTRACT

The endogenous mutagenic/carcinogenic 9-  (4’-
aminophenyl) -9H- pyrido [3.4-b] indole
(aminophenylnorharman, APNH) is formed from

norharman and aniline in the presence of cytochrome
P-450s. The major APNH-DNA adduct has been
reported to be 2’-deoxyguanosin-8-yl-
aminophenylnorhaman (dG-C8-APNH). In addition,
demonstrated formation of APNH-RNA adduct and
conducted a structural analysis using various
spectrometric approaches. The compound produced
from guanosine (Guo) and N-acetoxy-APNH. an
ultimate mutagenic form of APNH, was concluded to be
guanosin-8-yl-APNH (Guo-C8-APNH) on the basis of
various spectroscopic analysis. The same adduct was
found in the livers of rats administered APNH. The
total adduct levels of APNH-RNA were six times higher
than total APNH-DNA adducts in the same rat liver
samples.
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Scheme 1 A reaction mixture of N-acetoxy-APNH and guanosine

INTRODUCTION

Aminophenylnorharman (APNH) a product of the
enzymatic reaction of norharman with aniline in the
presence of S9 mix, has already been reported to be a
strong mutagen/carcinogen'.  Norharman and aniline
abundantly exist in cigarette smoke., cooked foods and
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some kinds of vegetables™. Therefore, humans are exposed
to both of these compounds chronically, and APNH is
expected to be produced in our body. In a long term
carcinogenicity experiment using experimental animals,
APNH induced twmors in various tissues, including the
liver and colon’. APNH is thought to be metabolically
activated by CYP1A2 and acetyltransferase to form adducts
with 2’-deoxyguanosine’, and chemical structure of the
major DNA adduct has already been reported as d(G-C8-
APNH, detectable in various tissues of rats and mice after a
single administration of APNH®. In recent years, some
studies have focused on RNA as a biological markers™'".
Similar to DNA, RNA consists of nucleobases including
guanine, and would be expected to give rise to similar
mutagen/carcinogen-RNA adducts. In contrast to DNA
modifications by mutagens/carcinogens, which can lead to
mutations, RNA modifications have generally  been
considered biologically mieaningless. However, RNA s
present in both the cytoplasmic and nuclear compartments,
so it has a greater chance of reacting with the
exogenous/endogenous  carcinogens. Futhermore, RNA
exists in a variety of forms, including tRNA, mRNA, rRNA
and microRNAs, so that RNA adducts may be unique
biological significance in carcinogenesis, Thus, they might
offer a sensitive biomaker for exposure analysis. In the
present study, we demonstrated the formation of a major
APNH-RNA adduct and analyzed its chemical structure
using various spectrometric approaches. In addition, we
also report the generation of total APNH-RNA adducts at
higher levels than total APNH-DNA lesions in the livers of
rats administered APNH, as assessed by “P-postlabeling
analysis'?,

RESULTS AND DISCUSSION

We first analyzed a reaction mixture of guanosine (Guo)
and N-acetoxy-APNH (Scheme 1), an ultimate mutagenic
form of APNH, by LC-ESEUMS analysis. As a result, a
compound exhibiting molecular ion peak m/z 341 along
with a fragment ion peak at m/z 409, consistent with loss of
a ribose moiety, was found to be formed. From 'H-NMR
spectroscopy. its chemical structure was concluded to be
guanosin-8-yl-APNH  (Guo-C8-APNH) (Scheme 1). To
comfirm its chemical structure, we synthesized Guo-C8-
APNH via the Buchwald-Hartwig coupling reaction”
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(Scheme 2). This product was shown to be identical to
compound 1 in scheme 1 by comparison of their
spectroscopic data.

Total RNA obtained from the livers of F344 rats with or
without treatment of APNH was analyzed by *P-
postlabeling  method  under  adduct-intensification
conditions. Adduct spot corresponding to Guo-C8-APNH
were observed in the APNH-treated animals. but not in the
control animals. Total adduct levels of APNH-RNA were
28+13.3 (mean+SD) adducts per 10° nucleotides. APNH-
DNA adducts in DNA samples obtained from the same
liver samples were analyzed by “P-postlabeling method
under modified adduct intensification conditions. The TLC
pattern was different from the case of total RNA, and their
total APNH-DNA levels were 4.542.0 (mean+SD) adducts
per 10 nucleotides. From these observations, it is
suggested that APNH binds to both DNA and RNA in vivo.
APNH-RNA levels were about 6 times higher than those of
DNA.

CONCLUSION

We identified an APNH-RNA adduct formed by the
reaction of AN-acetoxy-APNH with Guo. The chemical
structure was concluded to be Guo-C8-APNH, similar to
that of dGuo-C8-APNH. Guo-C8-APNH could also be
detected in rat liver after administration of APNH,
suggesting that APNH can damage RNA in a manner
similar to DNA in vivo.

We are now analyzing the function of APNH-RNA
adduct using the synthesis of a Guo-C8-APNH
phosphoramidite and the RNA oligonucleotide containing
Guo-C8-APNH.
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