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Aspirin (acetylsalicylic acid) was used to determine the inhibition of arylamine N-acetyltransferase
(NAT) activity and DNA adduct formation in a human bladder tumour cell line (T24). The activity of
NAT was measured by high-performance liquid chromatography, assaying for the amounts ofN-acetyl-
2-aminofluorene and N-acetyl-p-aminobenzoic acid and remaining 2-aminofluorene andp-aminobenzoic
acid. Two assay systems were used: one with cytosol and the other with intact cells. High-performance
liquid chromatography was also used to analyse for the 2-aminofluorene–DNA adducts. Intact bladder
tumour cells were used. The results demonstrated that NAT activity and 2-aminofluorene–DNA adduct
formation in human bladder tumour cells were inhibited by acetylsalicylic acid in a dose-dependent
manner. The effects of acetylsalicylic acid on the values of the apparentKm and Vmax were also
determined in both examined systems. The data also indicated that acetylsalicylic acid decreased the
apparent values of Km and Vmax from human bladder tumour cells in both cytosol and intact cells.
Copyright  1999 John Wiley & Sons, Ltd.

INTRODUCTION

N-Acetylation is a major metabolic pathway for aryla-
mine carcinogens that is catalysed by host cytosolic
arylamineN-acetyltransferase (NAT) using acetyl coen-
zyme A as an acetyl donor.1 The involvement of
arylamine carcinogens in the initiation of neoplasm
requires a series of activation steps to generate electro-
philic species with the capacity to bind to tissue macro-
molecules, including DNA.2 The formation of DNA–
carcinogen adducts is an important step in arylamine-
induced carcinogenesis.3 Arylamine carcinogens, such
as 2-aminofluorene (2-AF), areN-acetylated to become
2-acetylaminofluorene (2-AAF), and can undergo
further activation of detoxification reactions. A poly-
morphism in the activity of NAT results in rapid or
slow acetylator phenotypes, and its susceptibility to
aromatic amine toxicity has been associated with ace-
tylator phenotypes.1 In earlier reports, epidemiological
studies have demonstrated a predisposition of human
slow acetylators to arylamine-induced bladder cancer,4

as well as rapid acetylators to colorectal cancer.5,6

Recently, other investigators also pointed out that the
NAT2-related slowN-acetylation polymorphism has no
association with the increased risk of bladder cancer
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in individuals exposed to benzidine. Therefore, whether
or not the slow acetylator is actually related to bladder
cancer after the individual is exposed to arylamine
carcinogen is still controversial.7 Arylamine N-acetyl-
transferase activity has been reported in the human
colon8,9 and in the human bladder.10 Thus, the genetic
variation in NAT activities among target organs or
tissues may indicate different risks for arylamine-
induced neoplasm.

Aspirin (acetylsalicylic acid), common with most
non-steroid anti-inflammatory drugs, has a marked
inhibitory effect on cyclooxygenasein vitro.11 Acetyl-
salicylic acid could inhibit platelet function via cyclo-
oxygenase inhibition.12 The pharmacological action of
acetylsalicylic acid is determined by two compounds:
acetylsalicylic acid and salicylic acid. Salicylic acid is
formed from its precursor acetylsalicylic acid within
15–20 min after oral application and is responsible for
the antiinflammatory, antipyretic and analgesic activi-
ties of acetylsalicylic acid. However, platelets inhibit
the antithrombotic action of acetylsalicylic acid.13

Acetylsalicylic acid has been proposed for primary
and secondary prevention of myocardial infarction and
possible strokes.14 It was reported that acetylsalicylic
acid could inhibit azoxymethane-induced colon carcino-
genesis in F344 rats.15 Acetylsalicylic acid decreased
the N-acetylation of 2-AF in ratin vivo.16 However,
there are no reports to address acetylsalicylic acid
affects on tumour cell NAT activity and DNA adduct
formation. Thus, our initial studies were focused on
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the affects of acetylsalicylic acid on NAT activity and
DNA adduct formation of a human bladder tumour
cell line. The results of the present study demonstrate
that by using 2-AF andP-aminobenzoic acid (PABA)
as substrates for NAT activity determinations, acetyl-
salicylic acid decreased NAT activity in a human
bladder tumour cell line.

EXPERIMENTAL

Chemicals and reagents

Aspirin (acetylsalicylic acid), ethylenediaminetetraa-
cetic acid (EDTA), PABA, N-Ac-PABA, acetyl-
carnitine, TRIS, leupeptin, bovine serum albumin
(BSA), phenylmethylsulphonylfluoride (PMSF), dime-
thyl sulphoxide (DMSO), dithiothreitol (DTT), acetyl-
CoA, and carnitine acetyltransferase were obtained
from Sigma Chemical Co. (St. Louis, MO). 2-Amino-
fluorene and 2-AAF were obtained from K and K
Laboratories (Plainview, NY). All of the chemicals
used were reagent grade.

Human bladder tumour cell line

A human bladder tumour (carcinoma) cell line (T24:
human; female; Caucasian; 81-year-old) was obtained
from the National Taiwan University Hospital (Taipei,
Taiwan). It has been cultured for several generations
and throughout the years we have checked the cells
for viability. The cells were placed into 75 cm2 tissue
culture flasks and grown at 37°C under a humidified
5% CO2 atmosphere in RPMI 1640 medium (Sigma
Chemical Company, St. Louis. MO) supplemented with
10% foetal BSA (Gibco BRL, Grand Island, NY) and
2% penicillin–streptomycin (10 1000 U ml21 penicillin
and 10 mg ml21 streptomycin).

Preparation of human bladder tumour cell
cytosols

About 53 107 cells were placed in 2 ml of the lysis
buffer (20 mM TRIS/HCl, pH 7.5 (at 4°C), 1 mM
DTT, 1 mM EDTA, 50mM PMSF and 10mM
leupeptin) described previously.17 The suspensions were
centrifuged at 9000g for 1 min in a Model 3200
Eppendorf/Brinkman centrifuge, and the supernatant
fraction was subsequently centrifuged at 10 000g for
60 min. The supernatant was kept on ice for NAT
activity and protein determinations.

Arylamine N-acetyltransferase activity
determinations

The determination of acetyl-CoA-dependent N-acety-
lation of PABA and 2-AF was performed as described
by Chunget al.17,18 Protein concentrations in the human
bladder tumour cell cytosols from individual donors
were determined by the method of Bradford,19 with
BSA as the standard. All of the samples were assayed
in triplicate.
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Effects of various concentrations of acetylsalicylic
acid on NAT activity in human bladder tumour
cells in cytosols

The reaction mixtures consisted of 50ml of cytosols
(human bladder tumour cells), 20ml of recycling mix-
ture containing 2-AF or PABA at selected concen-
trations as substrates and 10ml of a selected concen-
tration of acetylsalicylic acid. The reactions were
started by the addition of acetyl-CoA. The control
reactions had 20ml of distilled water in place of
acetyl-CoA. Following these steps, NAT activity was
determined as described below for the affects of acetyl-
salicylic acid on NAT activity in human colon
tumour cells.17

Effects of various concentrations of acetylsalicylic
acid on NAT activity in human bladder tumour
cell lines in intact cells

Human bladder tumour cells (in 1 ml of RPMI 1640
media with glutamine and 10% foetal calf serum) were
incubated with arylamine substrate at 13 106 cells
ml21 in individual wells of 24-well cell culture plates
with or without acetylsalicylic acid (0.1–10 mM) co-
treatment for the time indicated at 37°C in 95% air,
5% CO2. At the end of incubation period, the cells
and media were removed and centrifuged. For experi-
ments with 2-AF, the supernatant was immediately
extracted with ethyl acetate/methanol (95:5), the solvent
was evaporated and the residue was redissolved in
methanol and assayed for 2-AAF as described above.
For experiments with PABA, aliquots of the super-
natant were assayed directly forN-Ac-PABA.17

Effects of acetylsalicylic acid on kinetic constants
of NAT from human bladder tumour cells

Cytosols of human bladder tumour cells co-treated
with or without 1 mM acetylsalicylic acid and selected
concentrations of 2-AF or PABA were determined for
NAT activity as described above. All reactions were
run in triplicate. For the intact cell studies, 13 106

human bladder tumour cells were incubated with selec-
ted concentrations of 2-AF or PABA with or without
acetylsalicylic acid (1 mM) for 96 h at 37°C in an
incubator. Following incubation, the cells and media
suspensions were removed and centrifuged. Then, to
determine the acetylated 2-AF and PABA as described
above, the kinetic constants were calculated with the
Cleland HYPER Program20 that performs linear
regression using a least-squares method.

Detection and measurement of DNA adducts

Detection of DNA adducts was described in previous
reports.20 Briefly, human bladder tumour cells (T24)
were incubated with AF and/or acetylsalicylic acid and
recovered by centrifugation. The DNA was prepared
using the G NOME DNA isolation kit protocol (BIO
101, La Jolla, CA). Post-labelled adducted nucleotides
were separated by HPLC using an Ultrasphere C18
reversed-phase ion-pairing column 4.63 25 cm, eluted
at a flow rate of 1.5 ml min21 with 30 mM K2HPO4

(pH 6.0) containing 10% CH3CN for 10 min followed
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by a linear gradient of 90% 30 mM K2HPO4 (pH 6.0),
5 mM tetrabutylammonium phosphate and 50% CH3CN
at 65 min. Ultraviolet absorbance was followed at
254 nm. Samples (1 min= 1.5 ml) were collected and
quantitated by scintillation spectrometry.22 Calculation
of adduct formation was made by dividing the radioac-
tivity in the adduct peak (after correction for recovery
and efficiency of counting) by the specific activity of
the ATP used in labelling. Adduct levels are reported
as: pmol adduct mg21 DNA analysed.22,23

Statistical analysis

Statistical analysis of the data was performed with an
unpaired Student’st-test.

RESULTS

Effects of various concentrations of acetylsalicylic
acid on NAT activity in human bladder tumour
cells in cytosols and intact cells

The possible effects of acetylsalicylic acid on NAT
activity in human bladder tumour cells, both in cytosols
and in intact cells, were examined by HPLC, assessing
the percentage acetylation of 2-AF and PABA. The
means6 SD of NAT activity co-treated with or without
acetylsalicylic acid with both substrates are given in
Table 1. The data indicated that the NAT activity
decreased with increased concentrations of acetyl-
salicylic acid both in cytosols and in intact cells. For
the cytosol examinations, the NAT activity was 1.28
6 0.33 2-AAF nmol min21 mg21 protein and 1.106
0.30 N-Ac-PABA nmol min21 mg21 protein for acety-
lation of 2-AF and PABA, respectively. In the presence
of 0.5, 1, 5 and 10 mM acetylsalicylic acid, the NAT

Table 1. Effects of acetylsalicylic acid on human bladder
tumour cell NAT activity in cytosols and in intact cellsa

Concentration Acetylsalicylic acid
of treatment

In cytosols In intact cells
(nmol min21 mg21 protein) (nmol 1026 cells)

2-AAF N-Ac-PABA 2-AAF N-Ac-
PABA

Control 1.2860.28 1.1060.24 1.1060.24 0.8860.22
0.1 mM 1.2260.22 1.0460.18 1.0460.18 0.9060.16
0.5 mM 0.8660.16b 0.7460.12b 0.7860.14b 0.6960.12b

1 mM 0.6260.12c 0.5460.08c 0.5660.10c 0.4160.08c

5 mM 0.2960.08d 0.1960.06d 0.1860.08d 0.1460.04d

10 mM 0.1260.04e 0.0560.02d 0.0860.04e 0.0660.02d

aValues are mean 6 SD (n = 3).
bDiffers between 0.5 mM acetylsalicylic acid and control:
P , 0.05.
cDiffers between 1 mM acetylsalicylic acid and control:
P , 0.01.
dDiffers between 5 mM acetylsalicylic acid and control:
P , 0.005.
eDiffers between 10 mM acetylsalicylic acid and control:
P , 0.001.
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activities decreased by 32, 51, 77 and 90% for 2-AF
(P , 0.05, 0.01, 0.005 and 0.0001) and by 33, 50, 83
and 95% for PABA (P , 0.05, 0.01, 0.005, and
0.0001), respectively. For the intact cell examinations,
the NAT activity was 1.106 0.30 2-AAF nmol min21

106 cells and 0.886 0.26 N-Ac-PABA nmol min21

106 cells for acetylation of 2-AF and PABA, respect-
ively. In the presence of 0.5, 1, 5 and 10 mM acetyl-
salicylic acid, the NAT activities decreased by 29, 49,
83 and 93% for 2-AF (P , 0.05, 0.01, 0.005 and
0.0001) and by 22, 53, 84 and 93% for PABA
(P , 0.05, 0.01, 0.005 and 0.0001), respectively.

Effects of acetylsalicylic acid on kinetic constants
of NAT from human bladder tumour cells

In the presence or absence of acetylsalicylic acid,
specific concentrations of 2-AF and PABA (0.373,
0.435, 0.543, 0.745, 1.102 and 2.205 mM, respectively)
were added to the recycling mixtures for determining
human bladder tumour cell NAT kinetic constants. For
the cytosol examinations, the values of the apparentKm

and Vmax were 4.086 0.49 mM and 30.086 5.32 nmol
min21 mg21 protein for 2-AF and 2.266 0.24 mM
and 11.866 2.28 nmol min21 mg21 protein for PABA,
respectively (Tables 2 and 3). When 1 mM acetylsali-
cylic acid was added to the reaction mixtures, the
values of the apparentKm and Vmax were decreased by
27% and 42% for acetylation of 2-AF by 38% and
40% for acetylation of PABA, respectively. For the
intact cell examinations, the values of the apparentKm

and Vmax were 5.296 0.72 mM and 38.176 7.06 nmol
min21 106 cells for 2-AF and 1.646 0.24 mM and
10.886 2.36 nmol min21 106 cells for PABA, respect-
ively (Tables 2 and 3). When 1 mM acetylsalicylic acid
was added to the reaction mixtures, the values of the
apparent valuesKm and Vmax were decreased by 49%
and 42% for acetylation of 2-AF and by 54% and
41% for acetylation of PABA, respectively. Clearly,
both Km and Vmax values on the human bladder carci-
noma cells NAT were decreased in the presence of
acetylsalicylic acid both in cytosol and in intact cell
examinations.

Effects of acetylsalicylic acid on 2-AF–DNA
adducts in human bladder tumour cells

Following 18 h of incubation of human bladder tumour
cells with 2-AF, cells were recovered, DNA was pre-
pared and hydrolysed to nucleotides and adducted
nucleotides were extracted into butanol and analysed
by HPLC.20–22 The results indicate that bladder tumour
cells activate 2-AF to a metabolite able to bind coval-
ently with DNA, and also induce a dose-dependent
effect (Table 4). In the presence of 1 mM acetylsali-
cylic acid, 2-AF–DNA adduct formation decreased in
both 2-AF concentrations (P , 0.05).

DISCUSSION

The acetyl-CoA-dependent arylamine NAT enzyme has
been reported to exist in laboratory animals, including
humans; the NAT activity has been shown to be
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Table 2. Kinetic data for acetylation of 2-AF in human bladder tumour cellsa

In cytosols In intact cells

Km (mM) Vmax (nmol Km (mM) Vmax (nmol 1026

min21 mg21 protein) cells)

Control 4.08 6 0.49 30.08 6 5.32 5.29 6 0.72 38.17 6 7.06
Acetylsalicylic acid 2.96 6 0.36b 17.30 6 2.66c 2.68 6 0.42d 22.26 6 5.36e

aValues are means 6 SD (n = 3). The acetyl-CoA and acetylsalicylic acid concentrations were 0.5 mM and 1 mM, and the kinetic
constants were calculated from the modified HYPER Program of Cleland.19

bDiffers between 1 mM acetylsalicylic acid and control: P , 0.01.
cDiffers between 1 mM acetylsalicylic acid and control: P , 0.005.
dDiffers between 1 mM acetylsalicylic acid and control: P , 0.001.
eDiffers between 1 mM acetylsalicylic acid and control: P , 0.001.

Table 3. Kinetic data for acetylation of PABA in human
bladder tumour cellsa

In cytosol In intact cells

Km(mM) Vmax (nmol Km(mM) Vmax (nmol
mg21 1026 cells)
protein)

Control 2.2660.24 11.8662.28 1.6460.24 10.8862.36
Acetyl- 1.4060.22b 7.0661.82c 0.7460.18d 6.4261.86e

salicylic
acid

aValues are means 6 SD (n = 3). The acetyl-CoA and acetylsali-
cylic acid concentrations were 0.5 mM and 1 mM, and the
kinetic constants were calculated from the modified HYPER
Program of Cleland.19

bDiffers between 1 mM acetylsalicylic acid and control:
P , 0.01.
cDiffers between 1 mM acetylsalicylic acid and control:
P , 0.005.
dDiffers between 1 mM acetylsalicylic acid and control:
P , 0.01.
eDiffers between 1 mM acetylsalicylic acid and control:
P , 0.005.

Table 4. 2 Aminufluorene–DNA adduct formation follow-
ing 18 h of incubation of human bladder tumour cells
with or without 1 mM acetylsalicylic acida

Cancer cell Adducts (pmol/mg21 DNA)

30 mM 60 mM

T24 cells 0.60 6 0.12 0.84 6 0.16
T24 cells 1 0.38 6 0.07b 0.42 6 0.12b

acetylsalicylic acid

aValues are means 6 SE of six separate preparations (T24
cells, incubation with AF, DNA preparation, post-labelling
and HPLC).
bDiffers from T24 cells: P , 0.05 by two-tailed Student’s t-test.

involved in some chemical carcinogenesis.1 The rapid
and slow acetylations have been shown to have a
predisposing factor for the sensitivity of individuals to
the toxicity during exposure to many arylamines.1 Our
earlier studies demonstrated that human bladder tumour
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cells (T24) contain NAT activity, and garlic compo-
nents diallyl sulphide (DAS) and diallyl disulphide
(DADS) can affect NAT activity in human bladder
tumour cells.24 Therefore, it is of interest to study
whether or not acetylsalicylic acid would effect the
NAT activity of human bladder tumour cells. The
results indicated that acetylsalicylic acid decreased
NAT activity and 2-AF–DNA adduct formation of
human bladder tumour cells.

The present study demonstrated that acetylsalicylic
acid can markedly inhibit the NAT activity in human
bladder tumour cells in cytosols and in intact cells.
The inhibition has a dose-dependent effect. The higher
the concentration of acetylsalicylic acid, the higher the
inhibition of NAT activity. Because acetylsalicylic acid
inhibited NAT activity in cytosols and in intact human
bladder tumour cells, the values of the apparentKm

and Vmax values from NAT acetylation were determ-
ined. Both kinetic constants decreased, thus acetylsali-
cylic acid acts as a non-competitive inhibitor in this
reaction. Acetylsalicylic acid also decreased 2-AF–
DNA adduct formation in human bladder tumour cells.
Carcinogen–DNA adduct formation is the important
factor in chemical carcinogenesis. The level of 2-AF–
DNA adduct formation is reported to be related to
initiation of carcinogenesis.3,25

It is difficult at this point to extrapolate the quantity
of acetylsalicylic acid that would be needed to be
consumed by humans to potentially reduce NAT
activity and carcinogen–DNA adduct formation in tar-
get cells. Nevertheless, an intake of acetylsalicylic
acid has been reported in some areas of the world.
Concentrations (0.1–10 mM) of acetylsalicylic acid26

have been reported in rabbit to affectN-hydroxyaryla-
mines to carcinogen–DNA adducts. Therefore, 0.1–
10 mM acetylsalicylic acid was selected for this study.
Other reports have raised the possibility that slow
acetylators are at higher risk for bladder cancer.2 But
Hayeset al.7 demonstrated that the NAT2-related slow
acetylator is not associated with an increased risk of
bladder cancer in workers exposed to benzidine and
may have a protective effect. A metabolic characteristic
of potential relevance to bladder carcinogenesis
involved polymorphic NAT2, an inherited phenotype
in the rapid and slow acetylators classified by drug
metabolism1 or genotype.27 Humans show considerable
genetic variability in their ability toN-acetylate arylam-
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ine,28 and this variation has been implicated in their
aetiology of arylamine-induced bladder tumour.29 It
was reported thatN-hydroxyarylamines are ultimate
bladder carcinogens and that C8-deoxyguanosine sub-
stitution may represent an initiating lesion in bladder
tumour formation.30 Currently, our data also demon-
strated that acetylsalicylic acid decreased 2-AF–DNA
adduct formation in human bladder tumour cells. Based
on the results in this present study, acetylsalicylic acid
clearly decreased NAT activity and 2-AF–DNA adduct
formation in a human bladder tumour cell line.
Although it is not known whether this decrease would
result in the decrease of tumour production or whether
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