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Effect of Butylated Hydroxyanisole on the Level of DNA Adduction by Aristolochic

Acid in the Rat Forestomach and Liver
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Administration of butylated hydroxyanisole (BHA) orally at either 0.5 g or 1 g/kg daily for 14 days
to rats did not produce any DNA adducts in the forestomach as measured by the **P-postlabeling
method using (1) limiting concentrations of ¥*P-ATP; (2) nuclease P, enhancement; or (3) butanol
extraction. Experiments were conducted to establish the effects of BHA administration on aris-
tolochic acid (AA) DNA adduct formation in the forestomach and liver, when BHA was ad-
ministered prior to, together with or after AA administration. Adduct levels per 10° nucleotides in the
liver after oral dosing daily for 5 days with 1 mg/kg AA and BHA (1 g/kg) or corn oil (5 ml/kg) for
7 days were as follows: (a) BHA and AA given simultaneously; 23571, (b) AA -+ corn oil; 6339,
{c) AA followed by BHA; 5713, (d) AA followed by corn oil; 91338, (e) BHA followed by AA;
90£ 12, (f) corn oil followed by AA; 8324, For the forestomach the values were: (a) 23686, (b)
77425, (¢) 36797, (d) 29647, (e) 217181, (f) 70+ 64. These data suggest that BHA conld have
an enhancing effect on AA-induced lesions in the forestomach if dosed together with, or prior to, AA

as adduct levels are significantly higher than in controls.
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Although most chemical carcinogens interact with
DNA by the formation of electrophilic metabolites that
react with DNA to form covalently-bound DNA
adducts,” some important animals carcinogens, such as
diethylhexylphthalate and nafenopin, are negative in
short-term genotoxicity tests®® and do not bind to
DNA.Y Another such non-genotoxic chemical, butylated
hydroxyanisole (BHA), a synthetic antioxidant widely
used in the food industry, has been shown to cause
tumors in the forestomach of the rat” and hamster.®”
The mechanism of action of BHA in the forestomach is
unclear but it has been demonstrated that BHA does not
bind to DNA as determined using “C-labeled BHA in
vivo or in vitro.® A much more sensitive technique for
detecting DNA adducts is the *P-postlabeling test,”
which has been used to study a wide range of carcinogen
adducts in vitro or in vive.'”'" Subsequent enhancement
modifications involving the use of the enzyme nuclease
P1'® or butanol extraction'” to concentrate adducted
nucleotides, increased the sensitivity to one adduct in
10°-10" nucleotides, These methods were used here to
investigate possible formation of BHA adducts at low
levels in forestomach and liver DNA of male Wistar rats
dosed with 1 g/kg body weight of BHA by oral gavage,
a dosage regime that has been shown to induce short-
term proliferative changes in the forestomach of the rat,
similar to those seen in the early stages of the carcino-
genicity study,'¥

In addition, since BHA has been shown to exert a
range of effects on the action of other carcinogens,
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depending on the target organ involved, and to enhance
tumor formation initiated by known genotoxic fore-
stomach carcinogens in the rat,'*'® a study of the effects
of BHA on aristolochic acid (AA) adduct formation
using the nuclease P1 enhancement method was per-
formed. AA is a potent genotoxic forestomach carcino-
gen in the rat'” for which the **P-postlabeling profile has
been reported.'® This compound, which is a nitrophenan-
threne derivative obtained from the plant Aristolochia
clematitis, was used in a variety of pharmaceutical prod-
ucts in Germany until 1982." As well as being carcino-
genic in rats, it is also a direct mutagen in Salmonella
typhimurium®® In this study, a series of experiments
were performed to investigate comparative differences
in AA adduct levels in the rat when BHA was dosed
prior to, together with, or after, AA for 5-12 days, in
both the forestomach (target organ) and liver (non-
target organ).

MATERIALS AND METHCDS

2,[3]-terr-Butyl-4-hydroxyanisole (mixed isomers) and
aristolochic acid (95% crystalline, a mixture of AA1 and
2) were obtained from Sigma, Poole, Dorset, UK.
Animal dosage
1) BHA adducts: Three groups of four male Al-
derley Park APfSD rats (150-250 g) were dosed by oral
intubation daily for 14 days as follows: Group 1 received
5 ml/kg body weight arachis oil; group 2 received 0.5
g/kg body weight BHA in arachis oil (0.2 g/ml) and



group 3 received 1 g/kg body weight BHA in arachis oil
(0.2 g/ml). Alderley Park APfSD rats are a Wistar-
derived strain of rats bred in the ICI animal house. Rats
were maintained on standard pelleted diet and water
ad libitum. After 14 days rats were killed with CO,.
The liver and forestomach were removed and stored at
—90°C.

2) Effect of BHA on AA adducts: Three experimen-
tal regimes were followed using groups of three male
Wistar rats (160-200 g supplied by Charles River, UK),
dosed by oral intubation with AA at 1 mg/kg body
weight in 4 ml/kg water and/or BHA at 1 g/kg body
weight in 5 ml/kg corn oil, depending on the dosage
regime as follows. In experiment 1, group one received
AA and BHA for 5 days, and group two received AA
and corn oil for 5 days. In experiment 2, group one
received BHA for 7 days followed by AA for 5 days and
group two received corn oil for 7 days followed by AA
for 3 days. In experiment 3, group one received AA for 5
days followed by BHA for 7 days and group two received
AA for 5 days followed by corn oil for 7 days.

As mnegative controls, two rats received water and
BHA, or water and corn oil for 7 days. At the end of
each experiment animals were killed with CO,. Fore-
stomach and liver samples were removed and stored at
—90°C.

DNA extraction DNA was extracted from liver and
forestomach mucosal layer using an enzyme solvent
extraction procedure’® and concentration was esti-
mated spectrophotometrically, assuming A,q of 1 mg/ml
DNA=22.

33p.postlabeling In the case of the BHA adduct study,
DNA samples were labeled by three methods: (i) with
limiting concentration of ATP,'"” ii) nuclease P1
enhancement'® and iii) following butano! extraction.'
In each case [;-"P]JATP was synthesized according to
the method of Johnson and Walseth®® to a specific ac-
tivity of 37-54 TBq/mmol using **P-orthophosphate
obtained from Amersham UK. For labeling experiments
3.7 MBq of ATP/sample was used. Excess ATP was
hydrolyzed using 40 mU of potato apyrase and the whole
reaction mixture (20 1) was applied to the origin. In the
AA/BHA experiments, all samples were labeled by the
nuclease P1 method. ’

Adduct spots observed after autoradiography at
—90°C, using Kodak X-OMAT AR film, for up to five
days, were excised and counted by Cerenkov assay to
determine the level of DNA adducts.

RESULTS

On postlabeling of DNA from the forestomach and
liver of rats dosed with either 0.5 or 1 g BHA/kg body
weight, no adduct spots were visible on autoradiography,

3p.Postlabeling of DNA Adducts

Fig. 1. Autoradiograph of postlabeled DNA from fore-
stomach of a rat dosed with 1 g/kg body weight BHA for 14
days.

Fig. 2. Autoradiograph of postlabeled DNA from fore-
stomach of a rat dosed with 1 mg/kg body weight AA for 5
days. Chromatography was performed in 3.5 M lithium
formate, 8.5 M urea, pH 3.5 (bottom to top) and 8.5 M urea,
0.8 M HCI, 0.5 M Tris-HCI, pH & (left to right).
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Table I. Levels of Aristoiochic Acid Adducts in Rat Fore-
stomach and Liver DNA

Adducts/10° nucleotides®

Dosage

Forestomach Liver
AA+BHA (5 days) 236+ 86 235+71
AA+corn oit (5 days) 77125 6339
BHA (7 days) followed by 21781 90+12
AA (5 days)
Corn oil (7 days) followed by 70£64 8324
AA (5 days)
AA (5 days) followed by 367197 57113
BHA (7 days)
AA (5 days) followed by 296 =47 91+£38

corn oil (7 days)

@) Values are means of results from three rats; each sample was
labeled in triplicate.
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Fig. 3. Levels of AA-DNA adducts in rat forestomach and
liver when dosed with BHA + AA, as compared to AA-+corn
oil. Each column represents the averaged DNA adduct levels
from three rats; each sample was labeled in triplicate. O,
Forestomach; M, liver,

AA+BHA

even after five days” exposure time (see Fig. 1). This was
the case for all three enhancement procedures that were
used.

In those experiments combining AA dosage with BHA
dosage, the adduct pattern seen in each case was due to
AA, as seen by comparing animals dosed with AA+corn
oil to those dosed with AA and BHA. Up to five adduct
spots due to AA were visible on autoradiographs (see
Fig. 2). Although the adduct pattern was basically the
same for all three experimental protocols, in the case of
AA pre-dosage the minor adduct spots were very faint
and not always quantifiable. In order to maintain com-
parable results between the three experiments, therefore,
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Fig. 4. Levels of AA-DNA adducts in rat forestomach and
liver when dosed with BHA prior to AA, as compared to corn
oil prior to AA. Format as in Fig 3. O, Forestomach; M, liver.
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Fig. 5. Levels of AA-DNA adducts in rat forestomach and
liver when dosed with AA prior to BHA, as compared to AA
prior to corn oil. Format as in Fig 3. O, Forestomach; W, liver.

only the two major adducts were quantified in each case
(see Table I).

Experiment 1: AA+BHA In the forestomach the mean
adduct levels from the rats dosed with BHA and AA
were about three-fold higher than in the rats dosed with
AA+corn oil (see Fig. 3). Statistical analysis using a
two-sample test showed this increase to be significant
{P<0.05). In the liver mean adduct levels were 3.7 times
higher in rats dosed with BHA 4+ AA, as compared to
those dosed with AA +corn oil (P<0.01}.

Experiment 2: BHA followed by AA In the forestomach,
mean AA adduct levels were about three-fold higher in
rats dosed with BHA prior to AA as compared to those
dosed with corn oil prior to AA (P<0.05) (see Fig. 4).
In the liver there was no significant difference between
adduct levels in the two groups.



Experiment 3: AA followed by BHA In the forestomach
there was no significant difference between the AA
adduct levels in the two groups. In the liver the adduct
levels were 1.6 times higher, on average, in the rats dosed
with AA followed by corn oil, as compared to those with
BHA after AA dosage (P<0.05). (see Fig. 5)

DISCUSSION

The enhancement techniques of the **P-postlabeling
assay used in the present study to investigate possible
adduct formation by BHA are sensitive enough to detect
one adduct in 10" nucleotides. The finding that no adduct
spots were visible on autoradiographs of labeled DNA
from the liver (non-target organ) or forestomach (target
organ) exposed to BHA in vivo confirms previous find-
ings, using less sensitive methods, that BHA does not
bind to DNA in vivo.® As BHA is a non-genotoxic
compound, this finding is in line with results from *P-
postlabeling studies on other non-genotoxic carcinogens
which did not form DNA adducts, such as diethyl-
hexylphthalate™ and methapyrilene.”” However, it must
be noted that BHA administration in this study was
only for a two-week time period. Recent work with
the peroxisome proliferator ciprofibrate has shown that
DNA adducts were detectable only after periods of 2—-8
months’ dosing,*”

Further work presented here has been carried out to
gain information on the manner in which BHA affects
the adduct formation of 2 known genotoxic forestomach
carcinogen. Aristolochic acid was chosen as a model
compound for which the postlabeling profile was already
known. Published work on aristolochic acid has shown
that administration of AA, following the protocol used
here, leads to the formation of tumors in the fore-
stomach, kidney and bladder after 3 months.'” Although
the liver is a non-target organ for AA tumor formation,
it has previously been demonstrated that DNA adducts
due to AA can be detected using **P-postlabeling in both
target organs and in non-target organs, including the
liver.'® The postlabeling profiles for AA adducts in fore-
stomach and liver DNA presented here are in agreement
with those previously published.

In the three experimental protocols described, AA was
dosed in the presence of corn oil as this was the vehicle
used for BHA dosage. This ensured that the corn oil was
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