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EFFECTS OF BUTYLATED HYDROXYANISOLE ON THE METABOLISM AND
MUTAGENIC AND TRANSFORMATION POTENTIALS OF BENZOf a]PYRENE

IN CULTURED MAMMALIAN CELLS.

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

INTRODUCTION

The addition of the antioxidant butylated hydroxyanisole
(BHA) to diets containing the carcinogen benzo(a)pyrene
(BaP) showed a pronounced suppression of neoplasia of the
lung and forestomacn in rodents (22,23). A number of in
vitro studies indicate that antioxidants inhibit mirrosome-
or S9-medliated BaP mutagenicity in the Ames Salmonella test
(3,6,15,18). It has also been reported that antioxidants
inhibit Syrian hamster embryonic (SHE) cell-mediated BaP
mut agenicity in V79 cells (10).

The mechanism(s) by which BHA inh!bits BaP-induced
neoplasia in vivo and mutagenicity in vitro has been the
subject of a number of investigations. Incubation of BaP
with microsomes 1solated from various rodent species
indicates that BHA treatment results in (a) less binding of
BaP mctabolites to added DNA (20); (b) reduction in hepatic
micrusomal mixcd runction oxidase activity resulting in a
decrease of Bap hydroxylation (18,25); and (c) a decrease in
epoxidation of BuP with enhanced formation of 3-hydroxy-BaF
(11). The addition of BHA to the diets of mice inhibits
DaP-DNA adduct formation in their forestomochs (1,13). BHA
also appear® to Incrense the activity of conjugating enzymes
such as glutathione=S-transferade and UDP-glucuronyl
transferase (3.,4,7). Furthermore, BHA appears to induce
elevated levels of tlgsue glutathlone, and an inerease in
the octivities of epoxide hydratnse and glucose-6-phoaphate
dehydrogenase (5,7). Theae obacrvatlons indiente that this
antincoplastic and antimutagenic agent broadly affecta the
processes involved in metabolic activation and
detoxification of BaP., Owing to the complexity of Lhese BHA
effects, the precise mechaniama of action would be difficult
to resolve from in vivo atudlen ¢lone,

In the present study we heve eximined the effect of BHA
i nP metaboliam in SUHE celln, 1o addition, a SHE
cell-medinted hinene hamater ovary (CHO) cell mutageneatn
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and a SHE cell transformation assay have been used to study
the blological effects of BHA. Our results indicate that
BHA reduces the metabolism of BaP in SHE cells, suppresses
BaP-induced mutagenicity in target CHO cells and reduces
morphological transformation by BaP in SHE cells. The
application of these mammalian in vitro assays should
facilitate both the identification of other protective
agents and reveal the mechanisms of their ant .carcinogenic
effects. -

MATERIALS AND METHODS

Cells and Culture Conditions

Chinese hamster ovary cells (CHO-AAB8-4) were cultured
under conditions described elsewhere 821). Brieflv, cells
were grown in suspension culture at 37 C in alpha-MEM mediim

(GIBCO) supplemented with 100 ;g/ml streptomycin, 100 U/ml
penicillin and 10% fetal calf serum (FCS) (v/v, Flow
Laboratories, Inc.). Colony plating assays, to determine
plating efficiency and mutation selection, were done in 60-
and 100-mm dishes. The dishes were incubated at 37°C in a
humidified C02 incubator (maintaining about 5% CO? tension).

Primary Syrian hamster embryonic (SHE) cultures were
prepared by trypsinization of 13-day-old fetuses of randomly
bred Syrian hamsters (from Eagle Laboratory, F?rmersburg.
IN). The primary cultures were seeded at 1x10° cells per 75
cm flask In IBR modified Dulbecco's Fagles reinforced
medium (BloLlabs, Northbrock, IL.) contalning 20% heat
Inactivated FCS and incubated at 37 C in an atmosphere of
7.%% CO_. Near confluent cultures were then trypainized and
Stored fn liquid nitrogen. Secondary cultures of these
eryopreserved cultures were tested with P for thelr
ability to undergo morphological transaformation. Thoae
cultures giving positive responscs were used in experiments
designed to meanure carclnogen metabollam, mitugenesis In
CHO, and morphological transformation. Those cul Lures which
were not reasponaive to PaP were used to support cell growth
in transformation anaaya (Lhese cells are avs referred to
axn o "feeder layer” but should not be confuned with cells
usied In mubagenesty asnays) .,

Mut agenentia Aanny:

Matagenests nnmayn were performed an fescribed by
Iaberman and Sachid (9) wilh some modifteat.lons,
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Cr yopre-=aryed primary SHE cells were rapidly thawed, seeded
into 75 . flasks, and ‘ncubated at 37 C for three days.
Feeder lay plates were prepared by first X-irradliating
these cell:s rith 4000 r followeg by trypsinizatiorn and
seeding intc 50-mm dishes [(2x10 cells/dish). Target CHO
oells at a de 'sity of 3x10° were then plated onto these
feeder layer L 'E cells. Unless otherwlse stated these cells
were immediate y “reated with BHA for 18 h before the
carcinogen (Ba.') was added. Following an additional 48 h of
treatment the cells were trypsinized and counted using a
haemocytometer, CHO cells are easlly distinguished from the
X-irradiated SHE cells in that the latter are considerably
larger in size. Between 200 and 500 cells were plated in
60-mm dishes to determine the surviving fraction. The
remaining ~ells were plated into 100-mm dishes and
subculturesd every 2 days until an optimum expression period
of 8 days had glapsed. The cells were then trypsinized and
plated at 2x10” per 100-mm dish in alpha MEM with 10%
dialyzed FCS and 10 u M 6-thioguanine (6-TG)
(Cglbxochem—Behring, Corp.). These plates were incubated at
37 C for an additional 6-8 days at which time colonies of
mutant cells were fixed, stalned, and enumerated. Plating
ef{iclencies for each dose point were determined at the time
of selection of 6-TG resistance in order to quantitate the
fctual number of innoculated cells that werec capable of
forming colonies. The mutation frequencies shown have been
corrected for plating efficiencies.

Morphological Transformation Assay

Three hundred freshly thawed SHE celis (pnssage 22) were
plated in 4 ml of IBR medium with 20% heat lnactivated FCS
in a 60-mm dish containing 6x10 X-irradiated feeder cells
(4000 r). Chemical treatment was performed as described by
Di Paolo (8) and Plenta ¢t al. (17). Chemjcals at twice the
final concentrution in 4 ml of IBR media containing 20% heat
inactivated FCS were added to the dishes (also containing U
ml of medium). Colony morphology wna determined with the
ald of a stereoscopic mivroscupe. Colonles were scored as
non-transformed 1f Lhey possessed n regularly oriented
arrangement of cells and were distingulshed from tranaformed
colonies which exhibited three-dimensafonal growth with
random orientation and extenslve crosaing-over ol celln

(8,19).
_I\_n_.'l_l_y_.'l_l_.'l__p_l;_l_ll_llf_ _ﬂ«ft.n_h_ql_! Len 1o the Med fum

For the analyais of al melabolism In SHE ceolla,
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X-irradiated cells (4000 r) at 2x106 per 60-mm dish were
incubated with 1 pyg/ml [3H]-BaP for 22 h. BHA was added
either at 0 or 18 hours before BaP treatment. At noted
times, one ml of medium was removed and twice extracted with
2.5 volumes of ethyl acetate. The organie extract was
vacuum-evaporated and the residue was dissolved in a small
amount of glass-distilled methanol. The sample was then
eluted with a water-acetonitrile gradient through an ALTEX
reverse phase ultrasphere-0DS column (4.5 x 150 mm) using a
Beckman model 334 high performanc: liquid chromatography
(HPLC) system. The flow rate was 1 ml per minuce and
fractions were collected every 15 seconds. The position of
the known metabolites of BaP were determined using authentic
standards obtalned from the NCI Repository at IIT Research
Institute (Chicago, IL). The amount of BaP metabolized to
"water soluble derivatives" was calculated from the
radioactivity in the aqueous phase, The background values
were determined for each experiment and were subtracted when
calculating the percentage of BaP metabolized by the cells.

RESULTS

Cyto' «icity and Growth [nhibition by BHA in CHO cells,

The toxic properties of BIA were first examined by
co-incubation of the chemical with CHO cells over a U8 h
period. Wnile no significant differcnces in colony forming
ability was observed for cells treated with 2 to N0 , g/mi
BHA, tne 3lze of the colonies were consistently smaller for
BllA-treated celly (data not shown). The effect of BHA o
cell growth rate ard saturation denaity wan therefore
determined using log phonde cells growing in splnner
culturesa, Figure 1 11lustrates the growth rotes of these
cells in the presence of varying concentrations of BHA.,  The
doubling Lime for the control cultures in this particular
experiment was 13 n. While 10 g/ml of BHA did not
significantly alter the growth of CHO celly, the addition of
30 or 40 pg/ml of the chemieal to the culture medium
increased the doubling time by 2-fold. Tn Lhe latter canes
the saturition densities were als80 reduced alyniflcantly.

Inhibitory effect of BHA on Mutagenicity Induced by Bal,
Many celln, an CHO, lack Lhe capaclty Lo metaboll ze

procarvaeinogenn. tovever, competent. X-trradinted celle ,acting
w o feeder layer, ean provide these funcetiona under
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FIGURE 1. Growth inhibition of CHO cells by BHA. CHO cells
were treated with BHA at noted concentrations in spinner
culture and incubated at 37 C. At various Lime intervals,
cell numbers were determined by Coulter counting.

proper culture conditions (14). Early passage SHE cells
when co-cultivated with CHO target cells in the presence of
BaP, can elicit a dose-dependent induction of 6-TG resistant
mutants in the CHO cells (Figure 2). This particular
mutation assay system was used to investigate the etffects
BHA has on the mutagenic potential BaP (Table I). BHA at 20
ng/ml 1s itselfl not mutagenic to CHO cells. The
simultaneous addition of both BHA and BaP results in a %0%
reduction in the number of 6-TG resistant colonies induced
(when compared to BaP treatment alone). If the SHE [ecder
layer.-CHO system i3 pretreated with 3HA for 18 h prior to
BaP addition the mutation frequency is reduced even further
Lo 30% of control values. This inhibJtory erfect by BIA on
mutatiorn frequency also remaina relatilvely constant as a
funclion of varying BaP dose (data not shown). These
reasults clearly indicate that. DHA can effectively reduce the
mut apenle potential of BalP In this annay,
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FIGURE 2. Induction of cytotoxicity and 6-TGR mutational
events in CHO cells following SHE cell mediated-metabolic
activation of BaP. X-irradiated SHE and CHO cells were
treated with BeP for 48 h. Cytotoxicity and mutagenicity
measurements were determined as described in Materials and
Methods. Open symbols and closed symbols represent
mutegenicity and cytotoxlcity, respectively.

Inhibitory Effect of BHA on Induced Mutagenesis:
Concentration Dependence

The data shown in Flgure 3 indicate that tne effecty of
DHA on BaP-induced mutations are concentration dependent.
Yhen CHO cells are treated with a fixed level of BaP (1 ¢/
ml) and varying coRcentrations of BHA (10 to N0 ;g/ml) the
inhibition ol 6-TG mutation induction increases linecarly
from 20 to 85% (open circlea, Flg 3). Pretreatment of the
cells witn DHA for 18 hoursa prior to the addition of BaPp
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results in a similar but more efficient dose-dependent
protection from the mutagenic effects of BaP (closed
circles). However, cell killing is not affecied in the
cultures treated with BHA, 1.e., BHA does not reduce
BaP-induced cytotoxicity.

IMHIBITION OF 6TGR MUTANT INDUCTION (%)

10 20 30 40
BHA CONCENTRATION (ug/ml)

FIGURE 3. Concentration dependence of the inhibitory eﬁfect
of BHA on BaP-induced mutagenesis., Measurement of 6-TG
mutants 1ls described in Mater’als and Methods. Open symbols
represent celis treated concomitantly with BaP and BHA.
Closed symbols represent cells pretreated whth BHA for 18 h
before addition of BaP. Inhibition of 6-TG mutant
induction (IOMI):

IOMI (%) = 100 X 1 -~ _Mutation frequency with BIA
Mutation frequency without BHA
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TABLE I.

EFFECT OF BHA ON BaP-INDUCED MUTAGENESIS

Cloning Relative

BHA Efficiency 6-TG; Mutants/ Frequency
(pg/ml) (%) 10° Cells (%)
Oa 82 71 100
20b 78 37 52
20c 80 22 31
20 75 1 -

2cHo cells were co-cultivated with X-irradiated SHE cells
nd treated with 20 ug/ml NHA and 1y g/ml BaP for U8 h.
X-irradiated SHE and CHO cells were pretreated with 20
pg/ml BHA for 18 h. BaP (1 yug/ml) and was then added and
%he cultures incubated for 48 h.
CHO cells co-cultivated with X-irradiated SHE cells in
presence of BHA only.

TABLE II.

EFFECT OF BHA ON BaP-INDUCED MORPHOLOGICAL TRANSFORMATION IN
SHE CELLS,

Plating

BHA Efficlency Transformants Transformation
(;1g/ml (%) Per Survivors (1)

0 30 11/905 1.2

5 36 11/1080 1.0

10 34 471035 0.3

20 32 3/965 0.3

30 22 0/680 0.0

Inhibition by BHA of Morphological Transformation in SHE
Cells Induced by BaP

The inhibitory effects of BHA on the biological
properties of BaP are also reflected in the SHE cell
morphological transformation assay. SHE cells were treated
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with both BHA and BaP for 8 days. The results from both
cytotoxlcity and morphological transrformation determinations
are shown 1n Table II. BHA clearly elicits a dose dependent
inhibitory effect on morphological transformations induced
by BaP. Concentrations of BHA ranging between 5§ and 20

u g/ml effectively reduce the number of SHE cell
transformations from 1.0 to 0.3%. No BaP-induced

. transformants were observed for cells treated with 30 yug/ml
BHA, however; cell growth and colony forming ability
appeared to be adversely affected under these conditions.

Effects of BHA on SHE Cell-Mediated Metabolism of BaP.

As shown above, BHA dramatically suppresses the
mutagenic and transforming potentials of BaP in SHE
cell-mediated in vitro bloassays. It is suspected that
alterations in the metabolism (oxidation) of BaP or
enhancement in the conjugation capacity within the ceil or
both are the result of the antioxidant treatment
(4,5,11,12,18,25). To distingulsh between these
possinilities we examined the metabolism of BaP in SuE cells
treated with BHA, In Figure 4 we shcw the results of an
experiment in which the rates of formation of
aquecus-soluble BaP metabolites were determined as a
function of the amount of BHA added. After 48 h incubation
the amount of water-soluble BaP formed is supprescsed
approximately 10, 30, 40 and 60% of the control value for
10, 20, 30, and 40 ug/ml of BHA, respectively, added 18
hours prior to the addition of the BaP. When BHA (20 ug/ml)
1s added concomitantly with the BaP the inhibitory effects
of the antioxidant on the water-solubilization of BaP are
not secn.

Aqueous-soluble metabolites of BaP formed by hamster
cells consist primarily of the non-reactive glucuronide
conjugates of monohydroxybenzo(a)pyrene (2,16). The
suppression of the mutagenic and transforming potentials in
the metabolism of BaP in SHE cells could bhe related to an
amplification of these cells' conjugating capacities by
antioxidants. However, it appears that the primary effect
of BHA 1s the reduction of the overall metabolism
(oxidation) of BaP itself. This conclusion is based on HPLC
analysis of ethyl acetate-soluble metabolites. A series of
four HPLC elution profiles aie shown in Figure 5. Each
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FIGURE 4, Effects of BHA on the metabolism of BaP.
X-irradiated SHE cells were incubated with [3H]-BaP at 1 ;:g/
ml. At noted times aliquots of the extracellular mcdjum
were removed and the percent of radiocactivity which
partitioned into an aq:sous extractlon phase was determined.
Symbolsgused are (@), control, no BHA added; (@@, E A
, and *). 10, 20, 30 and 40 );g/ml BHA added, respectively,
18 h prior to BaP addition; and ((:)), BHA at 20 ; g/ml added
concomitantly with the BaP.

fraction in each profile is shown as the percent of the
total radioactive BaP partitioning intc the organic layer.
Within 48 h incubation in control, non-BHA treated cultures
essenvially all the BaP (1 1g/ml) partitioning into the
organic layer is metabollzed to the 9,10-dihydrodiol,
tetrols (hydrolyzed products of diol-epoxides), and
extremely polar, undefined compounds. llowever, after U8
hours incubation in the presence of BHA (20 ; g/ml), which
was added concomitantly with the BaP, unoxidized BaP is
found and a substantial reduction in the amount of tetrols
formed is seen. This suppression in metabolism of BaP is
seen desplte similar levels of BaP water-rsoluble metabolites
formed (see Figure 4). The effect Hf the antioxidant on
metabolism is more vivid if it is added 18 h prior to the
addition of the BaP. Normalization of inlLegrated elution
peaks to the percent total of material in the completc
reaction mix (wa*ter plus ethyl acetate layers) indicates a
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substantial inhibition by BHA in the metabolism of BaP
(2.8., greater than 20% cf BaP remains unoxidized after 48 h
incubation when BHA 1s added at -18 h). 1In addition, it is
calculated that tetrol formation, under these conditions, is
reduced about 6-fold compared to the 48 h contrul sample.

w Tryrr rrrrryryy v rua LB T v 77T T 1T 1T rrvrrryw
ges 5|
=) g L1 ]
20t P9 W ]
CONTROL 20 BHA ]
- IOE 48h ]
2 ]
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e

(o] 10 20 30 0 10 20 30 40
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FIGURE 5. Reverse phase HPLC elution patterns of cthyl
acetate enxtracted BaP metabolites from cultures of
X~-irradiated SHE cells treated with © or 20 jig/ml BIlA,
Arrows indicate elution positions of designatced, authentic
standards. Data 1s plotted as the percent total of
radioactivity recovered after chromuatography.

DISCUSSION

A number of studies indicate that antloxidants can meiify
the intrinsic properties of metabolle activation system:s.
However, dur to the complexity in thesce responses, the
mechanisms by which these :nmtioxidants behave nave been
dgifficult to resolve trom 1n vivo stuldies alone. The
present study suggestn that cultured SHIT cells, capable of
metabolizing polycyclic aromalle hydrocarbon:a, may be useful
in investlipating these mechanjsma in vitro. P metabol fsm
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in cultured cells has been extensively studied by a nunber
of laboratories (2,14,16) employing organic extraction and
HPLC techniques. These investigacions provide a solid
experimental approach by which the mechanistic action of BHA
might be more effectively probed. We have utilized this
approach in combination with three blological endpoints
(cytotoxlcity, mutagecricity, and cell transformation) to
monltor the effects of antioxidants such as BHA.

Our data (Tzble I, Figure 3) ‘ndicate that BHA causes a
substantial reduction in the mutation frequency at the HGPRT
locus induced in CHO cells by BaP. These results are
consistent with those reported Ly Katoh et al. (10) fo:r BHA
effects on mutation frequencies induced ot the ouabain locus
in V79 cell. There was, however, a difference in the
concentrations of BHA required to achieve maximum intibitory
effects, 1.e., 10 pg/ml reported by Katoh et al. versus U0
ug/ml or greater in this study. These differences can
probably be attrituted to (a) variations in the
responsiveness of the genetic locl being examlned (HGPRT vs
ouabain) and/or (b) variability in the composition of BHA
isome:.s in the different commercial sources used. 1In
regai7s to the latte. posslbility, Wattenberg et al.. (P4)
has shown that the 2-tert-butyl-lU-hydroxyanisole isomer is
biologi~ally more active than the 3-tert-butyl-i-
hydroxyanisole isomer.

The data deplcted in both Figure 3 and Table I also
indicate thut pretreatment of SHE cells with BHA can further
enhance its effects on the metabolism and blological
properties of BaP. Current efforts in this areca are almed
at (a) resolving more precisely the pretreatment timing
necessary to maximally affect BaP metabolism and (b)
determining whether continued exposure of pretested cells to
BHA 18 necessary for expression of lis inhlbitory effects,

The reduction in conversion of BaP Into waler soluble
mehabolites by lncreasing BHA coneentrations (Fig. W)
suppests elther (a) a reduction In overall mebabo!lam ot Wl
or (b) a reduction In conjugation of P metabolites to more
water soluble moletles, Our examinattion of extracellular
organle solvent extracts by reverse phase HPLEC Lechnlques
indicaten Lhat the former i3 more probable, {.e., the amount
of unoxidized BaP in reaction mixtures of BHA=Lroated
samples s alwayn higher.

This study demonstratea that SHE cells may be
effectively ubilized Lo concurrently measure Lhe effects of
antioxidants on carcinogen metaboliasm and Induced
mutageniclty and morphologleal tranafor..ation. Our results
agree wilh those current, notions whileh sugpest Lhat. BHA
Inhibits the mutagente and neoplastic propertien of certaln
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procarcinogens by affecting their overall metabolism.
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