LA-UR=--83-30¢3

DEEL 001723

O h(jz—__ <310l TG~

Los Alamos National Laboratory is operateu by the University of California for the United States Department of Energy under contract W.7405-ENG-36.

TTLE:  ALTERATIONS IN THE METABOLISM OF BENZO[a]PYRENE IN
SYRIAN HAMSTER EMBRYO (SHE) CELLS PRETREATED WITH
PHENOLIC ANTIOXIDANTS

AUTHOR(S):  Gary [. Strniste, Richard T. Okinaka, .avid J. Chen

SUEMITTED TC. 8th International Symposium on Polynuclear
Aromatic Hydrocarbons, Columbus, Oli, October 26-=28, 1981,

NISCLAIMER

This report 'vas prepared as an account of we .k spunsored hy an agency of the United States
Government  Neither the United States Government nor any agency thereof, nor any of their
employces. mukes any warianty, express or implied, or assumes any legal lisbility o1 responsi-
hility for the accuracy, completeness, or usclulness of uny information, apparatus, product, or
process disclosed, or represents that ity use would rot inlringe privately owned rights. Refer-
ence herein 1o uny speafic commeteial product, process, or service by trade name, trademark,
manufacturer, ot othetwise does not necessany constitute o imply ity endorsement, recom-
mendation, or favormg by the United States Government o uny agency thereof. The views
ared opinions of authors expressed herem do not necessanly stute or reflect those of the
Unfted States Government o any agency thereol

By accaptance of thia articie. the publisher recognizas that the U'S Govarnmert 1ataing a noneaciusive, royally-free icense 10 publish or reproduce
the publishad form of thin comnibution or 1o aliow others 10 do 8o, for U S (Governmaent putposes

The Loa Alamos National Laboratory requesis thay (he publinher identily this articie as work parformed under the auspicen of the U § Deparimen of [ nergy

Los Alamb Eikssmase,
@S ”@m@)g Los Alamos,New Mexico 8?53%

FOAM NO 838 N4
81 NO FORO M/


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ALTERATIONS IN THE METABOLISM OF BENZO[alPYRENE IN SYRIAN
HAMSTER EMBRYO (SHE) CELLS PRETREATED WITH PHENOLIC

ANTIOXIDANTS

GARY F. STRNISTE, RICHARD T. OKINAKA, DAVID J. CHFN
Genetics Group, Life Sciences Division, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545.

INTRODUCTION

Inhibition of chemical- or radiation-induced neoplasia
has been observed in animals whose diets were supplemented
with antioxidants commonly used as food additives (4,5,28,
29). In a study reported more than a decade ago, inhibition
of the carcinogenicity of benzolalryrene (BaP) in the fore-
stomach of mice or of 7,12-dimethylbenz[alanthracene (DMBA)-
induced mammory tumors in rats was achieved by the addition
of the phenolic antioxidents butylated hydroxyanisole (BHA)
or butylated hydroxytoluere (BHT) to the animals' diets
(27). The determination of the mechanism(s) by which anti-
oxidants exert their anticarcinogenic effects has been the
subject of numerous reports. Various antioxidants have been
shown to modulate the metabolism of polycyeclic aromatice
hydrocarbons {FAH) in such a manner as to drastically rejuce
the amaunt of metabolized PAH bound to cellular DNA (1,2,
14,16,23,24). Several hypotheses concerning this effect
have aszribed antioxidants as: a) inhibitors of aryl hydro-
carbon hydroxyluse (AHH) through physical binding to oyto-
chroma P-45G (30,317; ) modulators in the induction and
compos.!tion of microsomal monooxygenases (12,17,24,26); c)
inducers of microsomal epoxide hydratase (3,7,8); and d)
inducers »f increased conjugation capacity (2,3). Effective
reductions in the amounts of reactive, electrophilic meta-
bolites of parent PAH mediated by antioxidants would nec-
essarily affect PAH-DNA binding potential, thus reducing PAH
genotoxic potential,

Due to tissue sprcific differences in the quality and
quantity of PAH metabolism and in antioxidant activity, we
initiated a atudy two years ago employing an in vitro Syrian
hamster embryo (SHE) cell-mediated genotoxicity assay ori-
ginally described by Huberman and Sachs (15). Our aim was
to assess concurrently the influence of the phenolic anti-
oxidant, BHA, on BaP metabolism and genotoxi«lty in vitro
(9). In this report we present recent data .n whioch we
compare alterations in the metabolism and mutagenicity of
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BaP by BHA with two other commonly used antioxidants, BHT
and p-methoxyphenol (p-MP).

MATERIALL AND METHODS

Chemicals

BHA, BHT, p-MP and unlabeled BaP were purchased from
Aldrich Chemical Co. (Milwaukee, WI). General labeled
[“H)-BaP (25 Ci/mmol) was obtained from Amersham (Arlington
Heights, IL) and diluied with unlabeled BaP to obtain spec-
ific activities of 300-1800 cpm/pmol. All organic solvents
were 3nalytical or spectrophotometric grade. Authentio
standards of metabolites of BaP were obtained from the NCI
Chemical Carcinogen Reference Standard Repository, NCI, NIH
(Bethesda, MD). Ultrapure grades of guanidine*HCl and
Cszso" were from Schwar z/Mann (Orungeburg, NY).

Cells and Culture Conditions

Chinese hamster cells (line CHO-AA8-4) were cultured
under conditions described elsewhere (9,25). Cytotox:. .1ty
and mutagenicity assays employing CHO as target cells and
X-irradiated (4000 r) "feeder" SHE cells have been described
in detail elsewhere (9,15,25). Primary SHE cell cultures
were prepared by trypsinizaticn of 13-day-old fetuses of
randomly bred Syrian hamsters as described elsewhere (9),
Near confluert cultures were trypsinized and stored in liq-
uid nitrogen. Second to fourth passages of these cultures
were used in experiments designed to measure Bal’ metabolism,
mutaget esis in target CHO cells and BaP-mucromolecular bind-
ing.

BaP Metabolism

Analysis of extracellular and intracellular metnbolites
of BaP was perroenad using X-irrad.ated SHE cells that werg
plated at 2 x 10 cells per 60-mm dish and incubated at 37
for 24 hours before Lhe addition of 3ntioxidnnts. After an
additioral 18 hours of incubation, ["H)-BaP was added to 1
ug/ml and 1 ml aliquots of medium were removed at noted
times and imnediately extracted twinrg with 2.5 volumes each
of ethyl acetate., Partitioning of [“H]-Bal’ and [ H]-BaP-
metabolites into aqueous (medium) and organic (ethyl ace-
tate) lryers wiy determined by assessing radiomctivity of
aliquots of aach layer ir a liquid ascintillation spectro-
photameter,
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High pressure liquid chromatography (h.p.l.c.) was per-—
formed on vacuum-evaporated aliquots of the ethyl acetate
layers. After drying, residues of each sample were solu-
bilized in 190-200 ul of methanol. Samples (20 ul) were
injected and eluted with a water:acetonitrile gradient
(70:30 to 0:100, v/v) through an Altex reverse phase analy-
tical Ultrasphere-ODS column (4.5 x 150 mm) wita 5 u packing
using a Beckman Model 334 h.p.l.c. system as previously des-
cribed (9). Retention times (R,) of various BaP metabnlites
were compared to Rt of authentic BaP standards.

SHE cell-mediated aqueous solubilization of BaP occurs
primarily by glucuronide conjugation (10,19,21). Release of
these conjugated metabolites was achieved in the following
manner. Ethanol precipitates of aqueous extracts were re-
suspended in 0.3 M phosphate buffer (pH 6.8) in 0.4 ml and
incubated at 37 overnight with 1000 Sigma units of E, coli
B-glucurnnidase type VIII (Sigma Chemical Co., S%. Louis
MQO). Aliquots of these react.on mixes were extracted twice
with 2.5 volumes each of ethyl acetate. H.p.l.c. analysis
of the organic layers was performed as described above and
elsewhere (9).

Analyais of intracellular BaP metaboiites and BaP-
macr9molecular hinding was performed using popuiations of >§
x 10" SHE cells. A minimum of ten 60 mm plates with 2 x 10
x-irradiated SHE cells per plate was used for each dose of
antloxidant tested. After pretreatment with antioxidant and
incubation with BaP as described above, cells were harvested
by trypsinization and centrifugatior. Cytoplasmic extracts
and ruclel were prepared on washed cell pellets as described
by MacLeod et al, (19). Ethyl acetate solublc BaP metabo)-
ites from extracted cytoplasmic fractions were determined by
h.p.l.c. as described above.

BaP-Macromolecular Binding

Nuclei preparations were dissolved in 6 M guanidine*HCl,
10 mM EDTA and sonicated. After extraction of the nuclear
lysate with etnyl acetate, an aliquct of the sjueous layer
was applied to a 2.2 M Cs S0, solution containing 10 mM FDTA
and 9% dimethyl sulfoxide“(vyv) and centrituged according to
the procedures es ablished by MacLeod et al, (20). Liquid
scintillation apectroscopy of fractiorated gradients allowed
for the determinration of the faopycnic separation or [“Hl-
BaP-nuclear macromolecules.
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RESULTS AND DISCUSSION

Antioxidant-Induced Cytotoxicity in CHO Cells

We previously reported that co-incuuvation of BHA (o 40
ug/ml) with CHO cells for 48 hours resulted in no signifi-
cant differences in their colony rorming ability compared to
control, untreated cells (9). However, BHT and p-MP are
toxic to CHO, especially at higher concentrations. For ex-
ample, incubation of CHO with 20 ug/ml of either BHT or p-MP
for 48 hours resulted in 25% or > 80% killing, respectively
(data not shown). Phenolic antioxidants have been shown to
induce cytotoxicity in other cultured cell systems (18) and
recently have been shown to inhibit excision repair syn-
thesis irn 1sdlated human peripheral lymphocytes (11). This
latter effect, however, was not observed in cultured rodent
cells (13).

Iphibition of BaP-Induced Mutagenicity by Antioxidants

Many cultured cell system., including CHO, lack the cap-
acity to netabolize promutagens/procarcinogens to their ac-
tive forms. However, target cells, gererally chosen for
their high plating efficiency, can be co-cultivated with
lethally-irradiated "feeder" layers of competent cells
(e.g., early passage SHE cells) that provide metabolic cap-
acity. This is the basis of the cell-mediated assay devel-
oped previously by Huberman and Sachs (15). Of conaiderable
importance is the recent report by Sebti et sl. (22) where
it was shown that DNA-BaP adduct formatior was both quali-
tatively and quantitatively similar in target cells compared
with the "feeder" cells. This finding adds considerable
credibility to the assumption that genotuxicity observed in
target cells is a direct consequence of transport of muta-
genic metabolites from "feeder" cells to the nuclel of
target cells.

In a previous report, we presented data on BHA inhibi-
tion of BaP-induced mutapenesis in target CHO cells uasing a
SHE cell-mediated assay (9). In Figure ! we compare the
antimutagenic properties of three antiorxidants as a function
of their conhcentration in the culture medium. In control,
non-antiox fgdant-treated cultures «700 6-5hlogunn1ne resis-
tant (6-TG ) mutunts were induced per 10 target CHO cells
after exposure to BaP at 1 uyg/ml for 48 hours. Mutagenicity
of BaP can be reduced by 6%-70% by prior treatment of the
GHE "feeder" cells with 10 yg/ml of p-MP or 20 ug/ml of
either BUA or BHT for 18 hours before the nddition of BaP.
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FIGURE 1. Antimutagenic effects of antioxidants in target
CHO cells after co-incubation with BaP in the SHE cell-
medigted assay. The mutagenicity assay and measurement of
6-TG  mutants are described elsewhere (9,25).

The extreme cytotoxicity of p-MP at 20 ug/ml necessitated
its use at lower corcentrations. At the concertrations of
antioxidants used, no significant mutagenicity was observed
in the target CHO cells in the absence of BaP,

Effects of Antioxidants on BaP Metabolism

As shown above, BHA, BHT and p-MP dramatically suppress
the mutagenicity of BaP in target CilO cells in a SHE cell-
mediated assay. In addition, we have previously demonstrat-.
ed that BaP-induced morphological transformation of cultured
SHE cells +os inhibited +75% by the addition of 20 ug/ml BHA
to the culture medium (9). To determine the biochemicul
mechaniym(s) by which anticxidarts protect cells against
BaP-induced mutation and transformation fn vitro, we initi-
ated studies to axamine the metabolism of BaP in SHE cells
pretreated with p-MP, BHA or BHT,

in Figure 2 we present data concerning the partitioning
of [“ll]-BaP metabolites into the awqueous phase after alil-
qQuots of the extracellular medium were extracted with ethyl
acetate. The amount of aqueous-soluble BaP metabolites
(presumably glucuronide conjugates of 3-0H- and 9-OH-DaP
(10,20)] i3 reduced {n the antioxidant-treated cultures.
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FIGURE 2. Alterations in the metabolism of BaP in SHE cells
by various antioxidants. X-irradiated SHE cells were pre-
treated with antioxidants 18 hours prior to the addition of
(“H)-BaP at 1 ug/ml. Aliquots of medium were liquid-liquid
extracted at noted times, and the percent of radioactivity
partitioring int. the aqueous phase was determined. Con-
centrations oi' antioxidants used were 10 or 20 ugs/ml for
p-MP or BHA and BHT, respectively.

PERCENT RADIOACTIVITY IN AQUEOUS PHASE

—
_{
R

This action could be the result of antioxidant-mediated re-
duction in the overall metabolism of BaP and/or in the
conjugation of subscrate BaP phenols to aqueous-soluble glu-
curonides, To distingulish between these possibilities,
h.p.l.c. analysis of the ethyl acetate extracts of the ex-
tracellular medium was performed on al.quots sampled 36
hours post addition of the BaP. In Figure 3 we show the
relative amounts of the various BaP metabolites and parent
compound that partitioned into the organic phase as deter-
mined by h.p.l.c. The quantity of each metabolite is ex-
pressed as a percentage of the totgl eluting material and
was determined from the amount of “H-cpm at its designated

R, relative to the total “H-cpm recovered from each chromat-
ograph. Tne 3-OH- and 9-OH-BaP metabolites are grouped
together since their RF were essentially coincident in our
gradient elution condifions. It is apparent. from the analy-
sis of this data that overall HaP metabolism medfated by SHE
cells i3 generally reduced by the addition of antioxidants,
espegially with BHT. In absolute terms, elthough only 19%
of [“H)-BaP exists after 36 hours {ncubation in the control
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FIGURE 3. (left) Effects of antioxidants on the composition
of SHE ccll-mediated extracellular, organic-soluble BaP
metabolites. Culture conditlons for the 36 hour incubation
are described in Figure 2 legend and in the Materisls and
Methods section.

FIGURE 4, (right) H.p.l.c. of intracellular, organic-
solu.le BaP metabolites in SHE cells pretreated with anti-
oxidants. Culture conditions are the same as described in

Figures 2 and 3 legends.
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extracellular medium, (i.e., the amount of unmetabolized BaP
that partitioned into the organic phase X the amount of
organic-soluble BaP and metabolites in the extracellular
medium), between 30 and 55% of unmetabolized BaP remains in
the extraucellular medium containing antioxidants.

Similar h.p.l.c. analysis was performed on the extra-
cellular, aqueous-soluble BaP metabolites after treatment
with B-glucuronidase and re-extraction with ethyl acetate.
The amount of aqueous-solubls metabolites (primarily 3-OH-
and 9-OH-BaP) as glucuronide conjugates was significantly
reduced (40-60% of control values) in the extracellular
medium for antioxidant-treated SHE cells (data not showmj).

Another striking difference in this data is the amount
of BaP tetrols (hydrolysis products of unstable but highly
reactive BaP-diol-epoxides). 1In absolute terms, the amounts
of extracellular tetrols presert are reduced 2-3 fold in
antioxidant-treated SHE cells compared to control cultures.

In Figure 4 the results of h.p.l.c. of intracellular,
organic-soluble BaP metabolites in SHE cells are shown for
control cultures and cultures pretreated with either BHA (20
mg/ml) or p-MP (10 ug/ml). The amount of 7,8-dioi-BaP is
reduced 30-50% in the antioxidant-treated SHE cultures.
However, the amounts of 3-OH- and 9-OH-BaP are greater in
the antioxldant-treated cells compared to the control cul-
ture.

Jur data suggest that in SHE cells antioxidants irnhibit
the overall metabolism of BaP to its various oxidized moiet-
ies including 7,8-diol- &nd 7,8,9,10-tetrol-BaP [precursor
end hydrolysis products, respectively, of the presumptive
ultimate carcinogen, 7,8-diol-9, 10-epoxide-BaP (6)]. This
finding is similar to those reported on antioxidant reduc-
tion in BaP metabolism in i1solated microsomes from various
rodent tissues (17,30,31). A plavsible explanation for our
results with SHE cells 13 that the antioxidants interact
directly with AHH as suggested by Yang et al. (30,31), thus
inhibiting AHH metabolic capanity.

As noted above, there are reduced levels of aqueouS-
soluble BaP metabolites as glucuronide conjugates in the
extracellular medium and apparent elevations in the amounts
of intracellular BaP monophenols (3-OH- and 9-QOH-BaP) in
antioxidant-treated SHE cells. If antioxidants induced an
increase in the conjugation capacity in SHE cells, as has
been obserrved in isolated rodent hepatic microsomes (2,3), a
diminution and not an elevation of thesc¢ substrates would
have been expected.
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FIGURE 5. Isopycnic sedimentation of [3H]-BaP—1abe1ed
macromolecules in Cs SOu. Nuclear macromolecules were
isolated from SHE ce?ls treated with antioxidants 18 hours
prior to the addition of BaP of 1 uyg/ml and further incu-
bation for an additional 36 hours. Sedimentation analysis
was performed as described elsewhere (19,20).

Effects of Antioxidants on BaP-Macromolecular Binding

As discussed above, antioxidant3 reduce SHE cell-
mediated metabolism of BaP resulting in lower intra- and
extracellular levels »f BaP diols and tetrols. Inhibition
by antioxidants in the formation of react’ /e, electrophilic
BaP netabolites should result in the reduction of BaP bind-
ing to nuclear macromolecules, especlally to DNA, the gen-
etic target. in Figure 5, isopycnic sedimentation profiles
in Cszsou of ["H]-Ba?-labeled nuclear macromolecules are
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shown. Analysis of nuclear material from SHE cells (+
antioxidants) incubated for 36 hours with BaP at 1 ug/ml was
performed according to the procedures of Macle et al.
(20). Realizing the specific activity of the [“H]-BaP, it
is calculated that 4.6, 2.4 and 2.9 pmol BaP are bound to
the DNA isolated from 10 nuclel of control, BHA-(20 ug/ml)
and p-MP-(10 ug/ml) treated cultures, respectively.

A reduction in metabolic capacity by physical binding of
antioxidants to cytochrome P-450 (30,31) and/or alterations
In the regioselectivity of the microsomal monooxygenase sys-
tem (26) are plausible explanations for antioxidant-induced
reductions in SHY cell-mediated BaP metabolism. A direct
consequence of such action is the reduction of BaP binding
to nuclear macromolecules that most likely accounts for the
suppression of BaP mutagenicity and transformation potential
in the SHE cell-mediated assays reported here ard elsewhere
9.
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