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Abstract. The present study was undertaken to determine the
effect of acetylsalicylic acid acid on the in vitro N-acetyltransferase
(NAT) enzyme activity and in vivo acetylation of 2-aminofluorene
in laboratory rats. In the in vitro experiments, cytosols of blood,
bladder, colon and liver cells, with or without acetylsalicylic acid
co-treatment, showed different percentages of 2-aminofluorene
acetylation. The data indicated that there was decreased NAT
activity associated with increased acetylsalicylic acid in the cytosol
reaction. In the in vitro experiments, values of apparent Km and
Vmax decreased by 4% and 21%, respectively, for acetylation of
AF in blood NAT, 28% and 31% for acetylation of AF in bladder
NAT, 12% and 25% for acetylation of AF in colon NAT, and
50% and 35% for acetylation of AF in liver NAT. In the in vivo
experiments, pretreatment with acetylsalicylic acid (50 mg/kg) 48
h prior to the administration of 2-aminofluorene (50 mg/kg)
resulted in 24% and 28% decreases in the fecal and urinary
recovery of N-acetyl-2-aminofluorene and a 26% decrease in the
metabolic clearance of 2-aminofluorene to N-acetyl-2aminofluorene. This is the first demonstration of acetylsalicylic
acid (Aspirin) inhibition of arylamine N-acetyltransferase activity
showing decreases in the N-acetylation of carcinogens in vivo.
Exposure to environmental and occupational chemical
carcinogens seems to be responsible for a number of human
cancers. Drug metabolizing enzymes are of paramount
importance in drug detoxification, as well as in chemical
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carcinogenesis, mutagenesis and toxicity via metabolic
activation. Many of these carcinogens, once in the body,
require metabolic activation by host enzymes in order to
initiate carcinogenesis in specific target organs or tissues (1,2).
Thus, genetically determined differences in the activity of
these enzymes can influence individual susceptibility to
adverse drug reactions, drug-induced diseases, and certain
types of chemically-induced cancers. Arylamine carcinogens,
such as 2-aminofluorene (AF), are N-acetylated to 2-acetylaminofluorene (AAF, which can undergo further activation or
detoxification reactions. This metabolic pathway is catalyzed
by cytosolic arylamine N-acetyltransferase (NAT) using acetyl
coenzyme A as an acetyl donor (3).
NAT, an enzyme involved in several steps of both arylamine
activation and detoxification (4), is found in many tissues of
humans and laboratory animals (5-8). NAT is also active in
nematodes (9,10), fresh water shrimp (11) and the bacterium
Helicobacter pylori (12). There are distinct groups of rapid
acetylators and slow acetylators (13,14). For humans, there are
statistical and epidemiological studies that suggest an
association between the rapid acetylator phenotype and
colorectal cancer (15,16), as well as between the slow acetylator
phenotype and bladder cancer (17). Thus, the acetylation of
carcinogenic arylamine is involved in determining organ- or
tissue- specific susceptibility to cancer. Other investigators
indicated that elevated levels of NAT activity are associated
with increased sensitivity to the mutagenic effects of many
arylamines (18). Therefore, the genetically-mediated variation
in NAT activities within target organs or tissues may indicate
differential risks for arylamine-induced neoplasm among
human populations.
Many immunomodulating agents have been shown to
inhibit cytochrome P-450-dependent drug metabolism in
humans and laboratory animals (19,20). It was reported that
the ratio of acetylsulfamethazine to the total sulfamethazine
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Table I. Effect of acetylsalicylic acid on blood, bladder, colon and liver N-acetyltranserase activity in vitro.
Blood
Treatment
Control
(distilled water)
Concentration of
acetylsalicylic acid
0.004 ÌM
0.04 ÌM
0.4 ÌM
4 ÌM
40 ÌM

Bladder

Colon

Liver

AAF

NAPABA

AAF

NAPABA

AAF

NAPABA

AAF

NAPABA

0.26±0.09

0.22±0.09

0.58±0.18

0.42±0.10

0.74±0.18

0.60±0.12

1.59±0.30

1.38±0.22

0.21±0.08

0.19±0.07

1.21±0.18

1.19±0.16

1.64±0.30

1.40±0.28

3.03±0.48

2.26±0.39

a0.15±0.06

a0.19±0.04

a1.02±0.12

a0.94±0.14

a1.39±0.26

a1.21±0.24

a2.38±0.40

a1.94±0.28

b0.13±0.05

b0.13±0.05

b0.84±0.12

b0.73±0.11

b1.08±0.17

b1.04±0.15

b2.08±0.43

b1.67±0.23

c0.11±0.04

c0.10±0.03

c0.63±0.09

c0.57±0.06

c0.84±0.14

c0.72±0.13

c1.72±0.27

c1.41±0.14

d0.09±0.04

d0.09±0.04

d0.39±0.06

d0.19±0.04

d0.70±0.12

d0.49±0.08

d1.42±0.19

d1.03±0.14

Values are mean ±SD of activity (nmol/min/mg protein), n=3.
adiffers between 0.004 ÌM acetylsalicylic acid and control. p<0.05
bdiffers between 0.04 ÌM acetylsalicylic acid and control. p<0.02
cdiffers between 0.4 ÌM acetylsalicylic acid and control. p<0.005
ddiffers between 4.0 ÌM acetylsalicylic acid and control. p<0.001

secreted in the urine of rats was significantly increased after
the administration of Freund's adjuvant. Other investigators
also demonstrated that pretreatment with Freund's adjuvant
increased the acetylation of sulfamethazine in rapid- and
slow- acetylating rabbits by 60% and 135%, respectively
(21). Other reports demonstrated that pretreatment with
tilorone 48 h prior to the administration of procainamide
resulted in a 32% increase in the urinary content of Nacetylprocainamide and a 35% increase in the metabolic
clearance of procainamide to N-acetylprocainamide (22). In
other words, tilorone increased the N-acetylation of the
drugs in vivo.
Acetylsalicylic acid, in common with most non-steroidal
anti-inflammatory drugs, has a marked inhibitory effect on
cyclooxygenase in vitro (23). It has been reported that
acetylsalicylic acid inhibits platelet function via cyclooxygenase
inhibition (24). The pharmacological action of acetylsalicylic
acid is exerted by its conversion to salicylic acid within 15-20
min after oral application, and involves anti-inflammatory,
antipyretic and analgesic activities. However, the platelet
inhibitory, i.e., the antithrombotic, action of acetylsalicyclic
acid is only due to this compound itself (25). Therefore,
acetylsalicylic acid has been proposed for primary and
secondary prevention of myocardial infarction and possible
strokes (26).
The effect of acetylsalicylic acid per se on acetylation of
carcinogens has not been previously reported. In the present
study, the influence of acetylsalicylic acid on the acetylation
of 2-AF was examined in vitro and in vivo in laboratory rats.

Materials and Methods
Chemicals and reagents. Acetylsalicylic acid (Aspirin),
ethylenediaminetetraacetic acid (EDTA), leupeptin, p-aminobenzoic
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acid (PABA), N-acetyl-p-aminobenzoic acid (N-Ac-PABA), 2-acetylaminofluorene (AAF), phenylmethylsulfonylfluoride (PMSF), 2aminofluorene (AF), Tris, dithiothreitol (DTT), carnitine
acetyltransferase, acetyl carnitine, bovine serum albumin (BSA) and
acetyl-Coenzyme A (AcCoA) were obtained from Sigma Chemical
Co. (St. Louis, MO, USA). Acetic acid, acetonitrile, dimethyl sulfoxide
(DMSO) and potassium phosphates were obtained from Merck Co.
(Darmstadt, Germany). All chemicals used were of reagent grade.
Animals and treatments
In vitro studies: Male Sprague-Dawley rats weighing 180-200 g were
obtained from stock maintained at the animal center of China
Medical University, Taiwan. The rats were housed in cages and
maintained at 25ÆC on a 12-h light/dark cycle. The animals had
free access to water and chow. All animals were at least 12 weeks
of age at the time of sacrifice. Blood, liver, colon and bladder were
removed, and NAT activity determined. Tissues from 3 rats were
assayed individually for each activity determination.
Preparation of cytosols
a) Blood samples: Whole blood from the tail vein (50 Ìl) was
hemolyzed immediately in 950 Ìl of lysis buffer [20 mM Tris-HCl, pH
7.5 (at 4ÆC), 1 mM DTT, 1 mM EDTA, 50 Ìª PMSF and 10 Ìª
leupeptin]. The hemolysate was kept on ice until assayed for NAT
activity.
b) Other tissues (liver, colon and bladder): Individual tissues were
removed, trimmed and placed in 5 volumes of the lysis buffer as
described above. Tissues were homogenized in ice with a Polytron
homogenizer set at number 5 for 20 sec (twice). The homogenates
were centrifuged for 8 min at 9000 x g and the supernatant kept on
ice for NAT activity determination.
NAT activity determination. AcCoA-dependent N-acetylation of PABA
and AF was assayed as described by Chung et al. (5). Incubation
mixtures in the assay system consisted of a total volume of 90 Ìl: tissue
cytosol diluted as required in 50 Ìl of lysis buffer [20 mM Tris-HCl,
pH 7.5, 1 mM DTT, 1 mM EDTA, 1 mM acetylcarnitine], and AF or
PABA at specific concentrations as substrate. The reaction was started
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Table II. Kinetics data of acetylation of aminofluorene in blood, bladder, colon and liver cytosol.
Blood
Treatment
Control
(distilled water)
Acetylsalicylic acid

Bladder

Km(mM)

Vmax

Km(mM)

1.04±0.54

1.12±0.26

3.80±0.46

a0.87±0.04

a0.89±0.05

d1.00±0.15

Vmax

Colon

Liver

Km(mM)

Vmax

Km(mM)

Vmax

1.16±0.11

3.00±0.18

3.33±0.64

4.09±0.54

15.8±2.04

b1.78±0.28

a1.92±0.23

b2.50±0.29

d1.69±0.32

c7.64±0.59

Values are mean±SD, n=6. The AcCoA and acetylsalicylic acid concentrations were 0.1 mM and 0.4 ÌM, respectively, and kinetic constants were
calculated from the modified HYPER Program of Cleland (1967).
adiffers between 0.4 mM acetylsalicylic acid and control. p<0.12
bdiffers between 0.4 mM acetylsalicylic acid and control. p<0.05
cdiffers between 0.4 mM acetylsalicylic acid and control. p<0.01
ddiffers between 0.4 mM acetylsalicylic acid and control. p<0.001

Table III. Kinetic data for acetylation of 2-aminofluorene in blood
cytosol.
In Vitro
Cytosol treatment

Control (distilled water)
Acetylsalicylic acid

Km(mM)

Vmax(nmol/min/
mg protein)

0.92±0.04

1.12±0.26

a0.87±0.04

b0.89±0.05

Values are mean±SD n=6. The AcCoA and acetylsalicylic acid
concentrations were 0.1 mM and 0.4 ÌM, respectively, and the kinetic
constants were calculated from the modified HYPER Program of
Cleland (1967).
adiffers between 0.4 mM acetylsalicylic acid and control. p<0.12
bdiffers between 0.4 mM acetylsalicylic acid and control. p<0.05
Table IV. Kinetic data for acetylation of 2-aminofluorene in bladder
cytosol.
In Vitro
Cytosol treatment

Control (distilled water)
Acetylsalicylic acid

Km(mM)

Vmax(nmol/min/
mg protein)

1.38±0.42

1.12±0.26

a1.00±0.15

b1.78±0.28

Values are mean±SD, n=6. The AcCoA and acetylsalicylic acid
concentrations were 0.1 mM and 40 ÌM, respectively, and the kinetic
constants were calculated from the modified HYPER Program of
Cleland (1967).
adiffers between 0.4 mM acetylsalicylic acid and control. p<0.05
bdiffers between 0.4 mM acetylsalicylic acid and control. p<0.05

by addition of 20 Ìl of AcCoA. Control reactions had 20 Ìl deionized
water in place of AcCoA. The final concentration of PABA or AF was
0.1 mM, and that of AcCoA was 0.5 mM. The reaction mixtures were
incubated at 37ÆC for 10 min and the reaction was stopped with 50 Ìl
of 20% trichloroacetic acid for PABA and 100 Ìl of acetontrile for
AF. All of the experimental reactions and the controls were run in

triplicate. The amounts of acetylated product and remaining
nonacetylated substrate were determined by HPLC (5,9). An aliquot
of the NAT incubation mixture was injected onto a C18 reversedphase column (Spherisorb 4.6 x 250 nm) of a Beckman HPLC (pump
168 and detector 126) and eluted at a flow rate of 1.2 ml/min. The
solvent system for PABA and N-Ac-PABA was 50 mM acetic
acid/CH3CN (86:14) with detection at 266 nm. The retention time for
PABA was 4 min and that for N-Ac-PABA was 6.5 min. The solvent
system for AF and AAF was 20 mM KH2PO4, pH 4.5/CH3CN (53:47)
with detection at 280 nm. The retention time for AAF was 6.5 min
and 9 min for AF. All compounds were quantitated by comparison of
the integrated area of the elution peak with that of known amounts
of standards. NAT activity is expressed as nmol acetylated per min per
mg of cytosolic protein.
Acetylation catalyzed by NAT follows ping-pong kinetics (27),
so that increasing the concentration of AcCoA in an assay system
containing a saturated concentration of arylamine will increase
both the apparent Km and Vmax of the arylamine substrate. The
kinetic constant estimate with 0.1 mM AcCoA should, therefore,
approximate that achieved in vivo.
Protein determination. Protein concentration in the cytosols from
the blood and liver samples were determined by the method of
Bradford (28) with bovine serum albumin as the standard. All
samples were assayed in triplicate.
Statistical analysis. Statistical analysis of the data was performed
with an unpaired Student’s t-test. The kinetic constants were
calculated with the Cleland HYPER Program (29) that performs
linear regression using a least-squares method.
Animals and treatments
In vivo studies: Male Sprague-Dawley rats weighing 180-200 g were
housed in individual cages and maintained at 25ÆC on a 12-h
light/dark cycle as described in the section on in vitro studies. Fortyeight hours prior to receiving AF, the animals were administered a
single dose of isotonic saline or acetylsalicylic acid (50 mg/kg)
dissolved in isotonic saline (final concentration 20 mg/ml) by gastric
intubation at 8 a.m., as described in Svensson and Knowlton (22).
On the morning of the study, the animals were individually housed
in metabolism cages and AF (60 mM dissolved in DMSO)
redissolved in isotonic saline (final concentration 60 Ìª) was
infused through the canal at a rate of 0.34 ml/min from 8 to 9 a.m.).
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Table V. Kinetic data for acetylation of 2-aminofluorene in colon cytosol.
In Vitro
Cytosol treatment

Control (distilled water)
Acetylsalicylic acid

Km(mM)

Vmax(nmol/min/
mg protein)

1.52±0.32
a1.35±0.23

b

3.33±0.64
2.50±0.29

Values are mean±SD, n=6. The AcCoA and acetylsalicylic acid
concentrations were 0.1 mM and 40 ÌM, respectively, and the kinetic
constants were calculated from the modified HYPER Program of
Cleland (1967).
adiffers between 0.4 ÌM acetylsalicylic acid and control. p<0.05
bdiffers between 0.4 ÌM acetylsalicylic acid and control. p<0.05

Table VI. Kinetic data for acetylation of 2-aminofluorene in liver cytosol.
In Vitro
Cytosol treatment

Control (distilled water)
Acetylsalicylic acid

Km(mM)

Vmax(nmol/min/
mg protein)

3.36±0.44

11.69±1.34
b7.64±0.59

a1.69±0.32

Values are mean±SD, n=6. The AcCoA and acetylsalicylic acid
concentrations were 0.1 mM and 40 ÌM, respectively, and the kinetic
constants were calculated from the modified HYPER Program of
Cleland (1967).
adiffers between 0.4 ÌM acetylsalicylic acid and control. p<0.05
bdiffers between 0.4 ÌM acetylsalicylic acid and control. p<0.05

An aliquot of the dosing solution was frozen and assayed for 2-AF
content. Serial blood samples (200 ÌL) were obtained from a vein
through the canal prior to and 5, 10, 20, 40, 80, 120, 160, 240 and
300 min after AF administration. The plasma was separated by
centrifugation (10 min at 600g) and stored in polypropylene tubes at
-20ÆC until analyzed. Urine and feces were collected through 52 h
and were immediately treated by extracting twice with ethyl
acetate/methanol (95:5), evaporating the solvent and redissolving
the residue in methanol and assayed (5). AF and AAF were
quantitated by HPLC as described in the in vitro studies section.
Data analysis. The plasma concentrations versus time data were
introduced to a biexponential equation using an unweighted
nonlinear least-squares regression program to estimate the initial
plasma concentration of AF (i.e., concentration at time 0). The
data were then analyzed using the LAGRAN program to obtain
noncompartmental pharmacokinetics parameters (22).

Results
The possible effects of acetylsalicylic acid on the NAT
activity in rat blood and liver in vitro were examined by high
pressure liquid chromatography assessing the percentage of
acetylation of AF and PABA. Blood was chosen because it is
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Figure 1. Changes of clearances on different 2-AF concentration with a
single dose of acetylsalicyclic acid 50 mg/kg in Sprague-Dawley rats.
Values are mean±SD, N=3 as described in the text.

the basis for a simple NAT phenotyping method in mice (6).
The choice of liver was based on the importance of liver in
total acetylation activity in mammals. The bladder and colon
were examined because they are target tissues for arylamine
in mammals and reported to differ in suspectibility to DNA
damage, depending on the NAT phenotype (30,31). Cytosols
of blood, colon, bladder and liver, with or without specific
concentrations of acetylsalicylic acid co-treatment, showed
different percentages of AF acetylation. Comparisons of the
relative cytosolic NAT activity between with or without
specific concentrations of acetylsalicylic acid are given in
Table I. The data indicate a decreased NAT activity
associated with increased acetylsalicylic acid in all tissue
cytosols examined, i.e., the higher the concentration of
acetylsalicylic acid in the reaction mixtures, the higher the
inhibition of NAT activity in vitro.
The kinetic constants determined for blood, colon,
bladder and liver NAT using AF as substrate, with or
without 0.4 ÌM acetylsalicylic acid, are shown in Table ππ.
In the in vitro experiments, the apparent values of Km and
Vmax for acetylation of AF in the control blood cytosol
were 0.92±0.04 mM and 1.12±0.26 nmol/min/mg protein,
respectively, and those of co-treated with acetylsalicylic acid
were 0.87±0.04 mM and 0.89±0.05 nmol/min/mg protein,
respectively (Table πππ). In the control bladder cytosol, the
apparent values of Km and Vmax for acetylation of AF
were 1.38±0.42 mM and 2.56±0.72 nmol/min/mg protein,
respectively, and after co-treatment with acetylsalicylic acid
were 1.00±0.15 mM and 1.78±0.28 nmol/min/mg protein,
respectively (Table IV). In the control colon cytosol, the
apparent values of Km and Vmax for acetylation of AF of
were 1.52±0.32 mM and 3.33±0.64 nmol/min/mg protein,
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Figure 2. Mean 2-aminofluorene plasma concentration versus time profile
in acetylsalicylic acid pretreated (n=6) and control (n=6) animals. The
data were obtained as described in Materials and Methods. Values are
mean±SD. ● = control , ● = acetylsalicylic acid.

Figure 3. Mean N-acetyl-2-aminofluorene plasma concentration versus
time profile in acetylsalicylic acid pretreated (n=6) and control (n=6)
animals. The data were obtained as described in Materials and Methods.
Values are mean±SD. ● = control , ● = acetylsalicylic acid.

Table VII. Effect of acetylsalicylic acid pretreatment on the disposition of
2-aminofluorene in ratsa.

respectively, and after co-treatment with acetylsalicylic acid
were 1.35±0.23 mM and 2.50±0.29 nmol/min/mg protein,
respectivelty (Table V). In the control liver cytosol, the
apparent values of Km and Vmax for acetylation of AF
were 3.36±0.44 mM and 11.69±1.34 nmol/min/mg protein,
respectively, and after co-treatment with acetylsalicyclic acid
were 1.69±0.32 mM and 7.64±0.59 nmol/min/mg protein,
respectively (Table VI).
Changes of clearances on different 2-AF concentration
with a single dose 50 mg/kg of acetylsalicyclic acid in
Sprague-Dawley rats are shown in Figure 1. The mean
plasma 2-AF and 2-AAF concentrations versus time profile
after oral administration of 60 ÌM of 2-AF in the control
animals and those pretreated with a single dose of
acetylsalicylic acid 50 mg/kg are shown in Figures 2 and 3.
Mean data after the 240-min sample are not plotted because
the AF plasma concentrations were below the limit of
detection of the HPLC system. The pharmacokinetic
parameters for AF in controls and in the acetylsalicylic acidpretreated rats are given in Table VII. There was no
significant difference in the pharmacokinetic parameters for
AF acetylation between the two groups. The mean AAF
concentration in the acetytlsalicylic acid-pretreated group
was significantly lower than that in the control group from
10 to 240 min (Figure 3).
The urinary recovery of AF and AAF in the control and
acetylsalicylic acid pretreated animals are given in Table
VII. The percentage urinary recovery of AAF was decreased
in the acetylsalicylic acid-pretreated rats by 37% (from
14.8±2.2 to 10.6±1.4; p<0.05). In contrast, the urinary
recovery of AF was not significantly changed by
acetylsalicylic acid pretreatment.

Pharmacokinetic
parameter
CLs (ml/min/kg)
T1/2 (min)
Vss (liters/kg)
Urinary recovery (% of dose)
2-aminofluorene
N-acetyl -2-aminofluorene
Fecal recovery (% of dose)
2-aminofluorene
N-acetyl -2-aminofluorene
CLr(AF) (ml/min/kg)
CLr(AAF)(ml/min/kg)
CLm (ml/min/kg)

Control
(N=6)

Acetylsalicylic acid
(N=6)

114±26
48.9±5.0
4.53±2.43

1118±18
44.8 ±5.8
4.84±1.05

32.9±6.6
14.8±2.2

b10.6±1.4

38.2±7.8
19.4±2.8
76.5±20.4
30.4±8.9
19.8±3.4

38.6±6.9

40.4±6.8
c14.6±2.0

68.2±16.9
34.6±12.1
d14.5±1.8

aAcetylsalicylic

acid (50mg/kg) was administered as a single dose 48 h
prior to 2-aminofluorene (50 mg/kg) administration. Data are
expressed as mean±SD. CLs, systemic clearance; T1/2, half-life; Vss,
steady-state volume of distribution; CLr(AF),renal clearance of 2aminofluorene; CLr(AAF), renal clearance of N-acetyl -2aminofluorene; CLm, metabolic clearance of 2-aminofluorene to Nacetyl -2-aminofluorene.
b,cdiffers between acetylsalicylic acid and control. p<0.05
ddiffers between acetylsalicylic acid and control. p<0.05

The fecal recovery of AF and AAF in the control and
acetylsalicylic acid-pretreated animals are also given in Table
VII. The percentage fecal recovery of AAF was decreased in
the acetylsalicylic acid-pretreated rats by 17% (from 19.4±2.8
to 14.6±2.0; p<0.05). In contrast, the fecal recovery of AF was
not significantly changed by acetylsalicylic acid pretreatment.
The data in Table VII also show that the renal clearance
of AF and AAF did not significantly differ between the

479

in vivo 19: 475-482 (2005)
control and acetylsalicylic acid-pretreated rats. The partial
clearance of AF and AAF was decreased by 26% (from
19.8±3.4 to 14.5±1.8; p<0.01) in the acetylsalicylic acidpretreated rats compared to the control animals.

Discussion
There are many events which are likely to be prerequisites for
the observed effects of acetylsalicylic acid (Aspirin) on NAT
activity. First, the acetyl CoA-dependent arylamine NAT
enzyme has been reported to exist in several experimental
animals, as well as in humans, and NAT has been shown to be
involved in chemical carcinogenesis (32,33). Second, rapid and
slow acetylation has been demonstrated based on a
predisposing factor for the sensitivity of individuals to the
toxicity during exposure to arylamines (3,4). Therefore, the
genetically-mediated variation in NAT activities within target
tissues for arylamine-induced neoplasms may indicate
differential risks among the human population. Third, some
enzymes of enteric bacteria are known to contribute to the
metabolic activation of chemical carcinogens in animals (34).
Fourth, compounds containing amino, sulphydryl or hydroxyl
groups may undergo biotransformation via acetylation. This
pathway is a primary determinant in the elimination of several
therapeutic compounds and arylamine. The capacity to
acetylate amino-containing compounds may determine an
individual's predisposition to toxicity from several agents (3).
Fifth, NAT has been demonstrated to be present in SpragueDawley rats which belong to the rapid acetylator phenotypes
(4). Sixth, N-acetyltransferase activity is particularly abundant
in the reticuloendothelial system (3,4). Other investigators have
reported that the stimulation of the reticuloendothelial system
by immunomodulators reduces cytochrome P-450-dependent
drug metabolism (35). It is reasonable to hypothesize that these
agents may also alter the acetylation of arylamine carcinogens
(AF). Therefore, the present studies focused on the effects of
acetylsalicylic acid on NAT activity of the rat in vitro and in vivo.
The present data clearly indicated that acetylsalicylic acid,
at concentrations from 0.004 Ìm to 4 Ìm in the in vitro tests,
decreased the acetylated product of AF by the NAT in
blood, bladder, colon and liver. Since acetylsalicylic acid can
inhibit NAT activity of rat blood, bladder, colon and liver in
vitro, the kinetic constants of NAT in these tissues were
affected. In the in vitro experiments, different degrees of
acetylsalicylic acid inhibition on the NAT enzyme were
seen. This finding may provide information towards
understanding the decreasing arylamine carcinogenicity in
animals. Other reports have already demonstrated that
elevated levels of NAT activity are associated with increased
sensitivity to the mutagenic effects of many arylamines (18).
The data of the experiments on the urinary and fecal
recovery of AAF and the partial clearance of AF to AAF
indicated that pretreatment with acetylsalicylic acid resulted
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in inhibition of arylamine carcinogen acetylation in vivo
during the examined time periods. However, changes were
not shown in the total clearance of AF in the presence of a
decrease in the partial metabolic clearance to AAF in the
total examined time. This is most probably due to two
opposing interactions of acetylsalicyclic acid such as the
elimination pathways of procainamide including a) renal
excretion of unchanged drug, (acetylation); and b) oxidative
metabolism (22). Therefore, our results provided an
opportunity to examine the effects of acetylsalicylic acid on
another metabolic pathway, namely, acetylation.
The effects of acetylsalicylic acid on the urinary recovery of
AF and its N-acetyl metabolite are most probably secondary
to inhibition of the oxidative metabolism of AF. The
significant changes in metabolite recovery with no significant
changes in systemic clearance is most probably due to the
wide variability in systemic clearance observed in the control
rats. The quantitative contribution of oxidative metabolism to
the elimination of AF in either humans or rats is not clear.
The results of the present study suggest that
acetylsalicylic acid may inhibit the oxidative metabolism of
AF. In other words, acetylsalicylic acid may also inhibit the
c-P450 enzyme activity. Acetylation of AF and inhibition of
AF oxidative metabolism, if of similar magnitude, may
result in a net effect of no change in the total clearance.
Indeed, AF acetylation activity has been demonstrated in
many extrahepatic tissues (5). The quantitative contribution
of these organs to the elimination of AF is unknown.
Other investigators have already demonstrated that: i)
stimulation of the RES with Freund's adjuvant results in an
increased rate of N-acetylation in vivo in both the rat (36)
and the rabbit (21); ii) pretreatment with acetylsalicylic acid
results in an decreased rate of N-acetylation of AF in vivo
in the rat (22); iii) chronic administration of hydrocortisone
in the rabbit has been shown to enhance the acetylation of
sulfamethazine (37); and iv) tilorone pretreatment had no
effect on the renal clearance of AF or AAF (22).
In conclusion, the present study demonstrated that
acetylsalicylic acid decreases the rate of arylamine carcinogen
(AF) acetylation in vivo. Future studies will focus on the
mechanism of this effect and its significance in the toxicity of
agents which undergo biotransformation via acetylation.

References
1 Miller EC and Miller JA: Search for the ultimate chemicals
carcinogens and their reaction with cellular macromolecules.
Cancer 47: 2327-2345, 1981.
2 Lower GM: Concepts in causality; chemically induced human
urinary bladder cancer. Cancer 49: 1056-1066, 1982.
3 Weber WW and Hein DW: N-acetylation pharmacogenetics.
Pharmacol Rev 37: 25-79, 1985.
4 Weber WW: The Acetylator Genes and Drug Response, Oxford
University Press, New York: pp 21-55, 1987.

Lin et al: Aspirin Effects on Acetylation of 2-Aminofluorene

5 Chung JG, Levy GN and Weber WW: Distribution of 2aminofluorene and p-aminobenzoic acid N-acetyltransferase
activity in tissues of C57BL/6J rapid and B6.A-NatS slow acetylator
congenic mice. Drug Metab Dispos 21: 1057-1063, 1993.
6 Wu HC, Lu HF, Hung CF and Chung JG: Inhibition by vitamin C
of adduct formation and arylamine N-acetyltransferase activity in
human bladder tumor cells. Urol Res 28: 235-241, 2000.
7 Ho CC, Lin TH, Lai YS, Chung JG, Levy GN and Weber WW:
Kinetics of acetyl coenzyme A: arylamine N-acetyltransferase from
rapid and slow acetylator frog tissues. Drug Meta Dispos 24: 137141, 1996.
8 Ho CC, Chung JG, Lee JH, Lai JM, Shih MC, Lai YS and Hung
CF: Kinetics of acetyl CoA: arylamine N-acetyltransferase from
rapid and slow acetylator fish tissues. Environ Toxicol Chem 69:
469-479, 1999.
9 Chung JG, Kuo HM, Lin TH, Ho CC, Lee JH, Lai JM, Levy GN
and Weber WW: Evidence for arylamine N-acetyltransferase in
the nematode Anisakis simplex. Cancer Lett 106: 1-8, 1996.
10 Chung JG, Wang HH, Tsou MF, Hsien SE, Lo HH, Yen YS,
Chang SS, Wu LT, Lee JH and Hung CF: Evidence for arylamine
N-acetyltransferase in the bacteria Helicobacter pylori. Toxicol Lett
91: 63-71, 1997.
11 Hung CF, Huang DS and Chung JG: Kinetics of acetyl CoA:
arylamine N-acetyltransferase from human placeta. Res Commun
Pharmacol Toxicol 2: 105-119, 1997.
12 Chung JG, Kuo HM, Wu LT, Lai JM, Lee JH and Hung CF:
Evidence for arylamine N-acetyltransferase in Hymenolepis nana.
Chinese J Microbiol Immunol 30: 1-17, 1997.
13 Tannen RH amd Weber WW: Inheritance of acetylator phenotype
in mice. J Pharm Exp Thera 213: 480-484, 1980.
14 Hein DH, Omichinski JG, Brewer JA and Weber WW: A unique
pharmacogenetic expression of the N-acetylation polymorphism in
the inbred hamster. J Pharm Exp Thera 220: 8-15, 1982.
15 Ilett KK, David BM, Detchon P, Castledon WM and Kwa R:
Acetylator phenotype in colorectal carcinoma. Cancer Res 47:
1466-1469, 1987.
16 Lang NP, Chu DZJ, Hunter CF, Kendell DC, Flammang JJ and
Kadlubar F: Role of aromatic amine acetyltransferase in human
colorectal cancer. Arch Surg 121: 1259-1261, 1987 .
17 Cartwright RA , Glasham RW, Rogers HJ, Ahmad RA, BarhamHall D, Higgins E and Kaha MA: The role of N-acetyltransferase
phenotypes in bladder carcinogenesis: a pharmacogenetic
epidemiological approach to bladder cancer. Lancet 2: 842-846,
1982.
18 Einisto P, Watanabe M, Ishidate M and Nohmi T : Mutagenicity of
30 chemicals in S. typhimurium possessing different nitroreductase
or O-acetyltransferase activities. Mutation Res 259: 95-102, 1991.
19 Mannering GJ and Deloria LB: The pharmacology and toxicology
of the interferons: an overview. Annu Rev Pharmacol Toxicol 26:
455-515, 1986.
20 Renton KW and Mannering GJ: Depression of hepatic
cytochrome P-450-dependent monooxygenase system with
administered interferon inducing agents. Biochem Biophys Res
Commun 73: 343-347, 1976.
21 DuSouich P and Courteau H: Induction of acetylation capacity
with complete Freund's adjuvant and hydrocortisone in the rabbit.
Drug Metab Dispos 9: 279-283, 1981.
22 Svensson CK and Knowlton PW: Effect of the immunomodulator
tilorone on the in vivo acetylation of procainamide in the rat.
Pharmaceutical Res 6: 477-450, 1989.

23 Binder M and Zeiller P: Antiphlogistic effect of salicyclic acid and
its derivatives. [German]. Fortschritte der Medizin 111: 530-532,
1993.
24 Darius H and Meyer J: Acetylsalicyclic acid in unstable angina,
after coronary revascularization and in prevention of cardiac
thromboembolism. [German]. Zeitschrift fur Kardiologie 81 Suppl.
4: 177-184, 1992.
25 Schroder H and Schror K: Clinical pharmacology of acetylsalicyclic
acid. [German]. Zeitschrift fur Kardiologie 81 suppl 4: 171-175,
1992.
26 Daigneault EA, Hamdy RC, Ferslew KE, Rice PJ, Singh J, Harvill
LM and Kalbfleisch JH: Investigation of the influence of
acetylsalylic acid on the steady state of long-term therapy with
theophylline in elderly male patients with normal renal function. J
Clin Pharmacol 34: 86-90, 1994.
27 Weber WW, Radtke HE and Tannen RH: Extrahepatic Nacetyltransferase and N-deacetylases. In: Extrahepatic Metabolism
of Drugs and Other Foreign Compounds (Gram TE ed.), pp 493531 NY: Spectrum Publications, Jamarica, 1980.
28 Bradford MM: A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 72: 248-254, 1976.
29 Cleland WW: The statistical analysis of enzyme kinetics data. Adv
Enzymol 29: 1-30, 1967.
30 Levy GN and Weber WW: 2-Aminofluorene-DNA adducts in
mouse urinary bladder: effect of age, sex, and acetylator
phenotype. Carcinogenesis 13: 159-164, 1982.
31 Nerurkar PV, Schut HAJ, Anderson LM, Riggs CW, Snyderwine
EG, Thorgiersson WW, Weber WW, Rice JM and Levy GM:
DNA adducts of 2-amino-3-imidazo[4,5-f]quinoline (IQ) in
bladder, colon, and kidney of congenic mice differing in ahresponsiveness and N-acetyltransferase genotype. Cancer Res 55:
3043-3049, 1985.
32 Minchin RF, Reeves PT, Teitel CH, McManus ME, Mojarrabi T,
Ilett KF and Kadlubar FF: N-and O-acetylation of aromatic and
heterocyclic amine carcinogens by human monomorphic and
polymorphic acetyltransferase expressed in COS-1 cells. Biochem
Biophys Res Commun 185: 839-844, 1982.
33 Grant DM, Josephy PD and Lord HL: Salmonella typhimurium
strains expressing human arylamine N-acetyltransferase:
metabolism and mutagenic activation of aromatic amines. Cancer
Res 52: 3961-3964, 1992.
34 Larsen GL: Deconjugation of biliary metabolites by microfloral ‚glucuronidase, sulphatase and cysteine conjugate ‚-lyase and their
subsequent enterohepatic circulation. In: Rowland I (ed.), Role of
Gut Flora in Toxicity and Cancer, pp 79-107, London: Academic
Press, 1988.
35 Peterson TC and Renton KW: Kupffer cell factor mediated
depression of hepatic parenchymal cell cytochrome P-450.
Biochem Pharmacol 35: 1491-1497, 1986.
36 Zidek Z, Friebova M, Janku I and Elis J: Influence of sex and
Freund's adjuvant on liver N-acetyltransferase activity and
elimination of sulphadimidine in urine of rats. Biochem Pharmacol
26: 69-70, 1981.
37 Reeves PT, Minchin RF and Ilett KF: Induction of sulfamethazine
acetylation by hydrocortisone in the rabbit. Drug Metab Dispos 16:
110-115, 1988.

Received June 30, 2004
Revised January 25, 2005
Accepted February 2, 2005

481

