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Abstract

Butylated hydroxytoluene (BHT) is widely used anti-
oxidant food additives. It has been extensively stud-
ied for potential toxicities. BHT appears adverse ef-
fects in liver and thyroid. In this study, we evaluated
the genetic toxicity of BHT with more advanced me-
thods, in vitro mouse lymphoma assay tk*~ gene
assay (MLA) and in vivo mouse supravital micronu-
cleus (MN) assay. BHT did not appear the signifi-
cantly results in the absence and presence of meta-
bolic activation system with MLA. Also, in vivo test-
ing of BHT yielded negative results with supravital
MN assay. These results suggest that BHT itself was
not generally considered genotoxic.
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Butylated hydroxytoluene (BHT) (CAS No. 128-
37-0) is a substituted toluene conforming generally to
the formulain Figure 1. BHT is used as an antioxidant
which finds many applications in a wide variety of
industries. It is used to preserve and stabilize the fresh-
ness, nutritive value, flavour and colour of foods and
animal feed products for many yearst. It protects
these materials from oxidation during prolonged stor-
age. BHT can also improve the stability of pharma-
ceuticals, fat-soluble vitamins and cosmetics?. The
service life of rubber, elastomers and plasticsis incre-
ased by the addition of BHT?, and from such use BHT
may be present as an indirect food additive. Approxi-
mately 40 countries reportedly permit the use of BHT
as a direct or indirect food additive*. The US Food
and Drug Administration (FDA) currently permit

BHT asfood additives.

On chronic oral exposure of rats, liver and thyroid
are the main targets. Doses above 25 mg/kg bw/day
BHT resulted in thyroid hyperactivity, enlargement of
the liver, induction of several liver enzymes. 25 mg/kg
bw/day BHT can be considered as NOAEL for chronic
exposure. The haemorrhagic effects of high repeated
doses of BHT seen in certain strains of mice and rats,
but not in other species, may be related to its ability
to interact with prothrombin and vitamin K.

The evaluation of BHT concluded that there was
limited evidence for carcinogenicity in experimental
animals, and also no data for humans®. Severa reports
discuss chronic carcinogenicity bioassays of BHT in
rodents™’. These studies do not provide convincing
evidence that BHT has carcinogenic activity in either
mice or rats. Several reports indicated neoplasia pro-
moting activity when given after an initiating carci-
nogen for mouse lung® and colon®, and rat liver’® and
urinary bladder®. Consistent with these observations,
BHT inhibits intercellular molecular transfer'?, a pro-
perty of neoplasm-promoting agents'®.

BHT did not cause DNA damage in Bacillus sub-
tilis'* or mutation in Salmonella typhimurium*15, It
did not induce chromosomal aberrationsin plants'® or
mutation and chromosomal aberrations in Drosophila
melanogaster!’. In one study, it was reported to be
mutagenic to cultured Chinese hamster V79 cells in
the presence of an exogenous metabolic system?.
Binding of BHT to the DNA of liver of rats exposed
in vivo has been reported®, but no adduct was iden-
tified. Moreover, BHT was negative for DNA repair
in isolated hepatocytes™. BHT did not induce micro-
nuclei in bone marrow or dominant lethal mutations
in mice?*?!, BHT also exhibited no evidence of muta-
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Figure 1. Chemical structure of BHT.
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Table 1. Toxicity and mutagenicity of BHT in L5178Y tk*/~ mouse lymphoma cells for 3 h treatment.

-S9 +S9
Treatment Mutation Treatment Mutation
(ng/mL) %RS RTG frequency (ng/mL) %RS RTG frequency
(x10°) (x109

0 100.00 1.00 208.54 0 100.00 1.00 85.59

25 69.62 0.80 25475 NS 25 170.80 0.56 14048 NS

5.0 92.78 0.93 19880 NS 5.0 266.44 0.77 8527 NS
10.0 70.62 0.87 101.58 NS 10.0 278.77 0.58 10042 NS
20.0 68.64 0.94 20455 NS 20.0 165.98 0.45 9940 NS
40.0 54.60 0.21 265.05 NS 40.0 135.23 0.47 80.10 NS
Linear trend NS Linear trend NS
MMS CP
10 84.99 0.38 142279  * 3 86.88 0.67 247.67 *

NS: Not significant; *, **: Significant at 5% and 1% level, respectively; MM S: methylmethanesulfonate; CP: cyclophosphamide

genicity in the Salmonella/microsome mutagenesis
assay or the adult rat liver epithelia cell/hypoxan-
thine=- guanine phosphoribosyl transferase mutageni-
city assay'?.

In this study, we evaluated the genetic toxicity of
BHT with more advanced methods not mentioned
above, in vitro mouse lymphoma assay tk*/~ gene as-
say (MLA) and in vivo mouse supravital micronucleus

(MN) assay.

BHT did not Induced Mutation in MLA Assay

The genotoxic potentials of BHT were assessed with
various concentrations in the absence and presence of
S-9 activation, respectively using MLA. Table 1 sum-
marizes the results of the MLA after treatment of
L5178Y cells with BHT at different concentrations
for 3h. DM SO was used as the negative control. The
adequacy of the experimental conditions for detection
of induced mutation was confirmed by employing
positive control chemicals, methylmethanesulfonate
(MMS) and cyclophosphamide (CP) for assays in the
absence and presence of S-9, respectively.

BHT was dightly more toxic without S-9 than with
S-9. Dose-related increases in toxicity were observed
under BHT treatment without S-9, with a pronounced
drop inthe RSand RTG. Thelimit of 0.1 RTG iswide-
ly accepted as the maximum level of cytotoxicity for
mutagenicity evaluation to avoid biologicaly irrele-
vant effects that might occur in severely stressed cells
(e.g., treatments resulting in cytotoxicity > 90%)%.
Therefore 40 pg/mL was evaluated as the highest
concentration for mutagenicity. Background mutant
frequencies (MF) (208.54 x 10°¢ and 85.59 x 10°)
were within the historical control range, and positive
controls gave large dose-dependent increases in MF,
meeting assay acceptance criteria. Treatment of cells

Table 2. Toxicity and mutagenicity of BHT in L5178Y tk*/~
mouse lymphoma cells for 24 h treatment.

24h
-S9

Treatment Mutation

(no/mL) %RS RTG frequency

(x1079)

0 100.00 1.00 95.58

6.25 107.59 0.93 104.28 NS
12.50 94.40 0.87 100.53 NS
25.00 97.15 0.55 162.32 NS
50.00 76.29 0.32 105.93 NS
Linear trend NS
MMS
10 52.13 0.43 1405.42 *

NS: Not significant
*, **: Significant at 5% and 1% level, respectively
MMS: methylmethanesulfonate

with BHT for 3 h did not lead to a significant increase
of MF at al concentrations in the absence and pre-
sence of S-9(Table 1).

Following the ICH recommendation, the MLA was
conducted using a 24 h treatment (without S-9) in
situations where the short treatment (3 h) was nega-
tive?. Also, the maximum concentration was changed
to 50.0 ug/mL, so that RTG at this concentration for
24h was 0.32 (Table 2). Because ssignificant increases
in MF were not observed in 24 h experiment like 3 h,
the results of the mutagenesis experiments testing
BHT were evaluated as negative.

BHT did not Induced Micronucleus
Formation in Peripheral Blood from Mice
Exposed Intraperitoneally

BHT also subjected to acridine orange micronucle-
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Table 3. Frequencies of MNRETSs in peripheral blood of ICR mice after asingle intraperitoneal (i.p.) administration of BHT.

Route of Dose

No. of

Sampling %MNRET?

Chemical administration (mg/kg) mouse time(h) (Mean+S.D.) P value
Solvent® control i.p. - 6 48 0.22+0.11

MMC i.p. 1 6 48 3.44+0.91 <0.05

69.0 6 36 0.19+0.10 >0.05

69.0 6 48 0.33+0.14 >0.05

BHT i.p. 69.0 6 60 0.23+0.06 >0.05

345 6 48 0.26+0.13 >0.05

17.3 6 48 0.21+0.12 >0.05

32000 Reticulocytes were counted in each mouse; "Solvent control group was injected i.p. with corn oil.

MNRET: micronucleated reticulocyte; MMC: mitomycin C

us (MN) assay with mouse peripheral reticulocytes.
The 50% lethal dose (LDsp) on intraperitoneal (i.p.)
injection in male ICR mice was reported as 138.0
mg/kg. To determine the optimal sampling time, a
single half dose of LDsg, 69.0 mg/kg of BHT was
injected into mice, and blood samples collected at 12
h intervals from 36 to 60 h. Maximum frequency of
micronucleated reticulocytes(MNRETS) was observed
at 48 h after treatment (Table 3). The frequency of
MNRETSs induced 48 h after i.p. injection at a single
dose of 17.3, 34.5 and 69.0 mg/kg of BHT was not
dose-dependently increased (Table 3).

Discussion

In this study, BHT did not induce the base-pair as
well as frameshift mutations or small deletions in
MLA and also it was not appeared the clastogenic
potential in in vivo supravital micronucleus (MN) as-
say. These data were consistent with datain review of
Bomhard, Bremmer, and Herbold?*. They concluded
that BHT was not “a relevant mutagenic/genotoxic
risk to man.” BHT was nonmutagenic in various bac-
terial system and mammalian cells with or without S
9. Also, BHT was typically nonclastogenic in mam-
malian and plant cells. However, BHT was mutagenic
only at cytotoxic doses in Chinese hamster V79 fibro-
blasts and DNA damage occurred after addition of S-
9 rat liver homogenate during rec-assays using Bacil-
lus subtilis. These positive data may be due to be per-
formed in stressed conditions. Consequently, our data
and numerous studies suggest that BHT itself was not
generally considered genotoxic.

Methods

Materials
Butylated hydroxytoluene (BHT: CAS No. 128-37-

0) was purchased from Junsei Chem. (Japan). Stock
solutions of used chemicals were prepared freshly in
medium before use. RPMI-1640, pluronic solution,
antibiotics and horse serum were the products of
GIBCO® (USA). All other chemicals used were of
analytical grade or the highest grade available. The
preparation of rat liver S-9 fraction for metabolic
activation system was previously reported®®. The S-9
fraction prepared was stored immediately at —80°C
before use.

Cell Line and Culture

The mouse lymphoma L5178Y cell line (tk*/~
3.7.2c) was cultivated in 90% RPMI-1640 with 1
mM sodium pyruvate, 0.1% pluronic supplemented
with 10% heat-inactivated horse serum and antibio-
tics. These cells were maintained at 37°C in humidi-
fied 5% CO, atmosphere.

L5178Y Thymidine Kinase (tk)*'--3.7.2C
Mouse Lymphoma Assay (MLA)

To prepare working stocks for gene mutation exper-
iments, cultures were purged of tk*/~ mutants by ex-
posure for 1 day to THMG medium (culture medium
containing 3 ug/mL thymidine, 5pug/mL hypoxanthine,
0.1 pg/mL methotrexate and 7.5 pg/mL glycine) and
then the cells were transferred to THG medium
(THMG but without methotrexate) for 2 days. The
purged cultures were checked for low background
tk*/~ mutants and stored in liquid nitrogen. Each
experiment started with working stock. The cells were
usually used on day 3 or 4 after thawing and during
logarithmic growth. A single lot of post-mitochondrial
supernatant fractions of rat liver homogenates (S-9)
for exogenous metabolic activation had been made
from the liver of Arochlorl254-pretreated Sprague
Dawley rats. S-9 mixture was prepared just prior to
use by combining 4 mL S-9 with 2mL each 180 mg/
mL glucose-6-phosphate, 25 mg/mL NADP and 150
mM KCIl. The concentration of S-9 mixture was 5%
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during treatment and the final concentration of S-9
was 2%. For treatment, cells were centrifuged and
suspended at a concentration of 0.5x 10° cells in 10
mL of medium in 15mL polystyrene tubes. BHT was
tested with and without S-9 mixture. BHT at each
concentration was added and these tubes were gassed
with 5% CO, in air and sedled. The cell culture tubes
were placed on a roller drum and incubated at 37°C
for 3h or 24 h. At the end of the treatment period, the
cell cultures were centrifuged and washed twice with
fresh medium and resuspended in fresh medium. We
conducted preliminary experiments to determine the
solubility and cytotoxicity of BHT. Cytotoxicity was
determined by RS and RTG following 3 h treatments
at concentrations up to 5 mg/mL, usually regardless
of solubility. The recommended highest concentration
was one with a10-20% RS and/or RTG. Mutant selec-
tion was performed using the modified microwell
version of the assay as described by Clements et al. .
Simply, the treated cells in medium containing 3
po/mL TFT for selection or without TFT for cloning
efficiency were distributed at 200 puL/well into 96-
well flat-bottom microtiter plates. For mutant selec-
tion, two plates were seeded with ~2,000 cells/well.
For cloning efficiency, two plates were seeded with
~1 cell/well. All plates were incubated in 5% CO, in
air in a humidified incubator at 37°C. After 11-13
days incubation, clones were counted and the colony
size distribution was determined. MF were calculated
using a statistical package (Mutant™: UKEMS, UK)
in accordance with the UKEMS guidelines?”.

In vivo Supravital Micronucleus Assay
in Mice

Outbred mice of strain ICR, 7-8 weeks old, were
used in this study. The mice were allowed an adapta-
tion period of about 1 week, then randomized and
subjected to the study. The six animals were housed
for each group. The test article was applied ordly in
three doses in volumes of 10 mL/kg. The micronucle-
us test with mouse peripheral blood reticulocytes using
acridine orange (AO) supravital staining method was
performed essentially as described by Hayashi et
al.%. To determine the clastogenicity, BHT dissolved
in corn oil was administrated intraperitoneally (i.p.) at
either 17.3, 34.5, or 69.0 mg/kg. A single dose of
MMC at 1 mg/kg was injected i.p. as a positive con-
trol, and corn oil was administrated i.p. with 0.1 mL/kg
as a solvent control. Peripheral bloods were collected
from mouse tail vein at 12 h intervals from 36 h to 60
h after administration. The 10 uL of 1 mg/mL AO
dissolved in distilled water was placed on a glass
slide pre-heated at about 70°C, spread out, and dried
at room temperature. This glass dides were stored in

a dark and dry location at room temperature until
used. Peripheral blood was taken by piercing a tail
blood vessdl. Five pL of blood was obtained directly
without anticoagulant from a tail, and placed on an
AO-coated glass dide. Glass dlide was covered with
coverdlip, and allowed to be supravitally stained. To
score and data analysis, two thousand reticulocytes
(RETSs) of type I, I, and Il per animal were observ-
ed®® and RETs with micronucleated reticulocytes
(MNRETS) were recorded under the fluorescent micro-
scopy which had the combination of a blue excitation
and a yellow to orange barrier filter. The data was
analyzed by pair-wise test for statistical differences
between the control and specific treatment groups.
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