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It was performed the in vitro mammalian chromosomal aberration (CA) assay to gain additional information
concerning the hazards associated with the use of methyl tert-butyl ether (CAS No. 1634-04-4) and furfuryl
alcohol (CAS No. 98-00-0). The assay was performed using the Chinese hamster lung fibroblast cell (CHL/
IU cell), by the direct method (-S9) and by the metabolic activated method (+S9 mix).Using the direct method,
the 7 dosages in a 48 hour treatment group did not show that the frequency of CA is proportion to the dosage
addition. The frequency of CA is not proportion to the dosage addition for a 6 hour treatment using the met-
abolic activated method. From these findings, it was decided that the two chemicals do not induce chro-

mosomal aberrations under the tested conditions.
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1. Introduction

The necessity for hazard identification has increased,
because the frequency of chemical exposure for
workers is increasing as the chemical industries have
been developed. Many chemicals that are used in
industry represent current concerns since they may
pose genetic hazards for humans. Also these substances
have become widespread as environmental pollutants,
thus leading to concerns about a variety of chemicals
that possibly threaten the health of workers. In this
respect, the evaluation and regulation of chemical
hazards are important to human health and the working
environment.

This study was conducted because insufficient
information was available about the potential hazards of
methyl tert-butyl ether (CAS No. 1634-04-4) and
furfuryl alcohol (CAS No. 98-00-0), therefore an i vitro
mammalian chromosomal aberration assay was per-
formed to include in hazard identification.

Methyl tert-butyl ether (MTBE) is a colorless terpene-
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like odor liquid which is very soluble in ethyl alcohol
and ethyl ether?. Its major uses are as octane booster
in gasoline, manufacture of isobutene (approved by
EPA)?. Unleaded gasoline usually contains additives for
octane improvement including MTBE®.

Furfuryl alcohol (FA, expressed as “FA” in this
report) is colorless to yellow liquid which miscible with
alcohol, ether, acetone, ethyl acetate, and most organic
solvents with the exception of paraffinic hydrocarbons®.

FA is used as a solvent in the manufacture in resins,
as a wetting agent, a gel retarder, a diluent, a liquid
propellant, in flavoring, and in foundry cores” may
result in its release to the environment through various
waste streams. It is also used as a food additive for use
only as a component of adhesives®.

The physicochemical properties of these two
chemicals are represented in Table 1.

Based on collective evidence, it appears unlikely that
MTBE alone induces adverse acute health effects in the
general human population under common exposure
conditions. In studies on animals, MTBE is “moderately”
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Table 1. The physicochemical properties of two chemicals in this study both MTBE and FA

Methyl t-butyl ether (1634-04-4)

e @/\OH

Furfuryl alcohol (98-00-0)

HC o
Chemical Name (CAS No.) M Ny,

Molecular Weight 88.15

Melting Point -1.09E+02°C

Boiling Point 55.2°C

Dissociation Constant (pKa) -3.70E+00 @ 23°C

log P (octanol-water) 0.94

Water Solubility

Vapor Pressure

Henry's Law Constant
Atmospheric OH Rate Constant

250 mmHg @ 25°C

5.10E+04 mg/L @ 25°C

5.87E-04 atm-m®*mole @ 25°C
2.94E-12 cm®/molecule-sec @ 25°C

98.10

-3.10E+01°C

171°C

0.28

1.00E+06 mg/L @ 25°C

0.609 mmHg @ 25°C

7.86E-08 atm-m®mole @ 25°C
1.04E-10 cm®molecule-sec @ 25°C

acutely toxic and induces mild skin and eye irritation
but not sensitization. Repeated exposure in rodents
affects primarily the kidney and the liver. MTBE is not
genotoxic but has induced tumors in rodents primarily
at high concentrations that also induce other adverse
effects”.

There is limited evidence in experimental animals for
the carcinogenicity of MTBE. So, the MTBE is not
classifiable as to it carcinogenicity to humans (Group
3)%9. At present, no human data is available regarding
potential genotoxic effects of MTBE. Limited genetic
studies in rats have shown that MTBE may damage
DNA and cause unscheduled DNA synthesis”.

Occupational exposure to MTBE may occur during
its production or subsequent use, particularly in gasoline
through inhalation or dermal contact. The general
population may be exposed to MTBE via inhalation of
ambient air especially during refueling operations and
from ingestion of ambient and drinking water'?.

FA induced symptoms of respiratory irritation,
including severe bronchitis with spasms of coughing
and chest pain, when used in confined spaces during hot
weather!'V. Under ordinary usage in industrial plant for
about 20 years has resulted in no impairment of health
and it is markedly irritating & injurious to the eyes'?.
Many of these reactive chemicals such as FA in the
synthetic resin systems are sensitizers, and have now
been implicated in cases of occupational asthma
among foundry workers'®. Three workers exposed to
FA for 15 min up to 43 mg/m?® (11 ppm) did not report

discomfort'¥,

The LC;, value of FA in rat with inhalation exposure
is 233 ppm/4 hr'®. The LD, in rat with oral exposure
is 275 mg/kg fed as 2% aqueous solution'®. The LDy, in
rat with intraperitoneal route is 650 mg/kg'”. The LDy,
in rat with subcutaneous route is 85 mg/kg. The LDg; in
mouse with oral exposure is 160 mg/kg. The LDy, in
rabbit with dermal route is 400 mg/kg. The LDy, in
rabbit with subcutaneous route is 650 mg/kg'®. The
LCs, Daphnia magna (Water flea) is 115 mg/L/24 hr'?.,

Sister-chromatid exchanges (SCEs) in human lym-
phocytes were studied using the FPG technique in
order to determine the cytogenetic effect of furfural and
FA. The induction of SCEs was also investigated in
workers occupationally exposed to these solvents that
are commonly used in the manufacture of furoic resins.
The results obtained from the i vitro treatments show
that furfural increased the number of SCEs, while FA
did not. In exposed workers, neither of these solvents
increased the spontaneous frequency of SCEs per
metaphase®?,

The national institute for occupational safety and
health (NIOSH) recommended exposure limit is that 10
hr time-weighted average 10 ppm (40 mg/m?). The 15
min short-term exposure limit (STEL) is 15 ppm (60
mg/m®), skin®V.

The chromosomal aberration assay, conducted using
mammalian cells, is frequently used to evaluate the
genotoxicity of chemicals and has been adopted as an
index of genotoxicity worldwide. Furthermore, it is
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utilized as a screening probe for the detection of
possible carcinogenic substances. Despite its increasing
use, the available genotoxicity data for these two
chemicals are still controversial. Therefore, we evaluat-
ed their genotoxicity using the i vifro mammalian
chromosomal aberration assay. And this study is
believed to be the first one in which chromosomal
aberration of these chemicals was estimated i vitro
with cultured Chinese hamster lung fibroblast cell line.

2. Materials and Methods

2.1. Cells and chemicals

The cultivated CHL/IU (Chinese hamster lung fibro-
blast) cells used in this test were obtained from the
American type culture collection (CRL-1935, Koram
Biotech Corp., Seoul, Korea). Cells were cultured in
MEM medium (GIBCO BRL, NY, USA, Lot No.
875545, contained 10% FBS) with 5% CO, at 37°C, and
sub-cultured every 2-4 days.

Dimethylsulfoxide (DMSO, MO, USA, Lot No.
108K0186) was used as a negative control for MTBE
(Sigma, MO, USA, 98.8%, Lot No. 32596KM), and
distilled water for furfuryl alcohol (Sigma, MO, USA,
>98.0%, Lot No. 1253060 & 30306019) as a solvent
according to results of a solubility test. Mitomycin C
(MMC) (Sigma, MO, USA, Lot No. 010M0665) and
cyclophosphamide (CPA) (Sigma, MO, USA, Lot No.
120M1253V) were used as positive controls in the
study. For the metabolic activated system, the S9
(MOLTOX™, Maryland, USA, Lot No. 2588) was used
within 6 months after manufacture.

2.2. In vitro mammalian chromosomal aberra-
tion test

This study was performed according to OECD guide-
lines for the testing of chemicals®® and Ishidate’s
report?®. For the cell proliferation suppression test, 7
dosages of each chemical (0.156, 0.3125, 0.625, 1.25, 2.5,
5 and 10 mM MTBE and FA) were use, respectively.

With direct method (24 and 48 hour treatment) not
used a co-factor supplemented post-mitochondrial
fraction (S9), the CHL/IU cells were cultured for 3 days

from an aliquot of 2x10* ~ 4x10* cells, in a 60 mm
diameter plate. And with metabolic activated method (6
hour treatment),the most commonly used system is a
co-factor supplemented post-mitochondrial fraction (S9)
prepared from the livers of rodents treated with enzyme-
inducing agents such as Aroclor 1254, or a combination
of phenobarhitone and B-naphthoflavone. In the meta-
bolic activated method, the cells were cultured using
conditions identical to the direct method. Slides for
observation of chromosomal samples were made from 5
mL media aliquots, with 18 hour supplementary culture,
after removal of media and washing of the cell layer
with 5 mL fresh media.

The main test was performed using dosages estab-
lished by the cell proliferation suppression/preliminary
test. After 24 and 48 hours of exposure to test chemicals,
plates were treated with 0.2 pg/mL Colcemid® (GIBCO
BRL, NY, USA, Lot No. 843825). After 2 hours, the
metaphase cells were separated and centrifuged at
1,000 rpm for 5 min.

The chromosome samples were produced by fixing
(3%) with the Carnoy's solution (acetic acid:ethanol = 1:
3) and abnormalities were counted after 5 min of staining
with 5% Giemsa solution (Merck, NJ, USA, Lot No.
HX888942). Twwo samples were made from each plate.

Two hundred metaphase cells (1,000 cells/plate) were
observed per plate and classified according to structural
abnormalities (gap of chromatid or chromosome;g,
cutting of chromatid;ctb, exchange of chromatid;cte,
cutting of chromosome; csb, exchange of chromosome;
cse and others) and numerical abnormalities (pol).

Statistical analysis of the results was not performed.
Results were evaluated as “positive” only when the
percentage of chromosomal aberrations was >10%.

However the retest was performed in case that it was
not confirmed the dosage dependency and the ratio of
chromosomal aberration was unusually high in control
solvent.

3. Results and discussion

3.1. Test for suppression of cell proliferation
The ratios of cell proliferation for the dosages of
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MTBE were 86.7% and 84.4% at 1.25 mM and 2.5 mM
respectively, for a 24 hour treatment using the direct
method. Moreover cell proliferation ratios were 89.3%,
92.9%, 89.3%, 87.5% and 83.9% at 0.625 mM, 1.25 mM,
2.5 mM, 5 mM and 10 mM respectively for a 48 hour
treatment. For the direct method, it was conformed to
the good laboratory practice (GLP) guideline?® that the
maximum concentration is over 5 mg/mL in case of the
cellular toxicity not being recognized. Cell proliferation
ratios were 89.4%, 80.9% and 74.5% at 2.5 mM, 5 mM
and 10 mM for a 6 hour treatment using the metabolic
activated method.

The FA was 87.2%, 85.1% and 80.9% at 2.5 mM, 5
mM and 10 mM respectively for a 24 hour treatment
using the direct method. Moreover cell proliferation
ratios were 89.1%, 84.8% and 76.1% at 2.5 mM, 5 mM

and 10 mM respectively for a 48 hour treatment. Cell
proliferation ratios were 92%, 80% and 76% at 2.5 mM,
5mM and 10 mM for a 6 hour treatment using the
metabolic activated method.

3.2. Chromosomal aberration test

Duplicate samples of 100 cells per plate were
observed in metaphase and classified for structural
abnormalities (gap of chromatid or chromosome;g, cut-
ting of chromatid; ctb, exchange of chromatid; cte,
cutting of chromosome;csh, exchange of chromosome;
cse, etc) and numerical abnormalities (pol). Results
were evaluated as being positive only when the
percentage of chromosomal aberrations was 10% ( 20
abnormalities in 200 cells observed). A statistical
analysis of the results was not performed.

Table 2. Chromosomal aberration test (direct method, 24 and 48 hr treatment) with MTBE

Time of Conc. Of Obs.

No. of chromosomal structure abnormality

No. of

Treatment  treatment treatment Cell .~ . gap  Chromatid Chromosome Total Decision
(hr) mM)  No diploid tc.
: g ctb cte csb cse g +g
Control solvent

(DMSO) 24 0 200 0 0.5 0 0 0 0 0 0 05 -
0.15625 200 0 0.5 0 0 0 0 0 0 05 -
0.3125 200 0 0 0 0 0 0 0 0 0 —
0.625 200 0 0 0 0 0 0 0o 0 0 —
Test material 24 1.25 200 0 15 0 0 0 0 0 0 15 —
25 200 0 1 0 0 0 0 0 0 1 —
5 200 0 1 0 0.5 0 0 0 05 15 —
10 200 0 3 0 0 0 0 0o 0 3 -

Positive control 0.0004
MMO) 24 (mg/mL) 200 0 115 65 37 0.5 05 05 45 565 +

Control solvent

(DMSO) 48 0 200 0 0 0 0 0 0 0 0 0 —
0.15625 200 0 0 0 0 0 0 0 0 0 -
0.3125 200 0 0.5 0 0 0 0 0 0 05 —
0.625 200 0 0.5 0 0 0 0 0 0 05 —
Test material 48 1.25 200 0 0.5 0 0 0 0 0 0 0.5 —
2.5 200 0 0.5 0 0 0 0 0 0 05 -
5 200 0 1 0 0.5 0 0 0 05 15 -
10 200 0 15 0 1 0 0 0 1 25 -

Positive control 0.0004
MMO) 48 (mg/mL) 200 0 155 205 285 0 0 0 49 645 +

Conc.: concentration, Obs.: observed, No.: number, g: gap, ctb: chromatid break, cte: chromatid exchange, csb: chromo-
some break, cse: chromosome exchange, MMC: mitomycin C.

-: negative, +: positive, -g: without gap, +g: with gap.
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Table 3. Chromosomal aberration test (direct method, 24 and 48 hr treatment) with FA

No. of chromosomal structure abnormality

Time of Conc. Of Obs. No. of
Treatment  treatment treatment Cell .~ 0 gap Chromatid Chromosome Total Decision
(hr) mM)  No diploid Etc.
) g ctb cte csb  cse -2 +g
Control solvent

(DW) 24 0 200 0 1 0 0 0 0 0 0 1 -
0.15625 200 0 1 0 0 0 0 0 0 1 —
0.3125 200 0 0 0 0 0 0 0 0 -
0.625 200 0 1 0 0 0 0 0 0 1 —
Test material 24 1.25 200 0 1 0.5 0 0 0 0 05 15 —
2.5 200 0 0.5 0 0 0 0 0 0 0.5 —
5 200 0 1 0 0 0 0 0 0 1 —
10 200 0 2 0 0 0 0.5 0 05 25 —

Positive control 0.0004
QMMO) 24 (mg/mL) 200 0 11 65 46 0 0.5 05 535 645 +

Control solvent

DOW) 48 0 200 0 0.5 0 0 0 0 0 0 0.5 -
0.15625 200 0 0 0 0 0 0 0 0 0 —
0.3125 200 0 0 0 0 0 0 0 0 0 —
0.625 200 0 1 0 0 0 0 0 0 1 —
Test material 48 1.25 200 0 0 0 0 0 0 0 0 0 —
2.5 200 0 1 0 0 0 0 0 0 1 —
5 200 0 1 05 05 0 0 0 1 2 —
10 200 0 1 0 0 0 0 0 0 1 -

Positive control 0.0004
QMO) 48 (mg/mL) 200 0 16,5 205 285 0 0 0 49 655 +

Conc.: concentration, Obs.: observed, No.: number, g: gap, ctb: chromatid break, cte: chromatid exchange, csb: chromo-
some break, cse: chromosome exchange, MMC: mitomycin C.

-: negative, +: positive, -g: without gap, +g: with gap.

The ratios of chromosomal aberration using the
direct method are shown in Tables 2 and 3. No diploid
presence was observed at any concentration after 24
and 48 hour treatment. The structural chromosomal
aberrations were < 5.0% in hoth without gap (-gap) and
with gap (+gap) groups. No dependency between
chromosomal aberrations and dosages was observed.

The ratios of chromosomal aberration using the
metabolic activated method are shown in Table 4. All
results were the same as from the direct method. It was
shown that the two chemicals do not induce any
chromosomal aberrations, using either the direct
method (24 hour and 48 hour treatment or the
metabolic activated method, (6 hour treatment) in CHL/
IU cells.

MTBE is not genotoxic but has induced tumors in

rodents primarily at high concentrations that also
induce other adverse effects”. No human data is avail-
able regarding potential genotoxic effects of MTBE.
Limited genetic studies in rats have shown that MTBE
may damage DNA and cause unscheduled DNA syn-
thesis”.

MTBE in oil was administered by gavage, 4 days per
week for 104 weeks at 250 and 1000 mg/kg in a lifetime
study in rats. An increase in Leydig interstitial cell
tumors in males and a dose-related increase in leukemia
and lymphoma in females was reported®?.

These results have been questioned because neither
leukemias nor lymphomas were individually increased
in treated females and because Leydig cell tumors are
common in rats and do not predict the response to
drugs or chemicals in humans®. As it is generally not
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Table 4. Chromosomal aberration test (metabolic activated method, 6 hr treatment) with MTBE and FA

No. of chromosomal structure abnormality

Time of Conc. Of Obs. No. of
Treatment treatment treatment Cell . . . gap  Chromatid Chromosome Total Decision
(hr) mM) No diploid tc.
) g ctb cte csh cse -g +g
Control solvent 24
(DMSO) 6+18) 0 200 0 0.5 0 0 0 0 0 0 0.5 —
0.15625 200 0 0 0 0 0 0 0 0 0 —
0.3125 200 0 1 0 0.5 0 0 0 05 15 —
Test material 94 0.625 200 0 2.5 0 0 0 0 0 0 2.5 —
(MTBE) (6+18) 1.25 200 0 1 0 0 0 0 —
2.5 200 0 1 0 0 0 0 0 0 1 -
5 200 0 0.5 0 0 0 0 0 0 0.5 -
10 200 0 0.5 0 0 0 0 0 0 0.5 -
Positive control 24 0.01

200 0 6.5

485 55 +

(CPA) 6+18) (mgmL)
Control solvent 24
oW, 6218 0 20 0 05 0 0 0 o 0 o0 05 -
015625 200 0 0 0 0 0 0 0 0 0 -
03125 200 0 05 0 0 0 05 0 0 05 —
Test material 0625 200 0 0o 0 0 0 15 0 15 15  —
(furfuryl 125 200 0 1 0 0 0 0o 0 o0 1 _
6+18)

alcohol) 25 200 0 1 0 0 0 0o 0 o0 1 _
5 200 0 1 0 0 0 0 0 o0 1 _
0 200 0 15 0 0 0 o 0 o0 15 -
Positive control 24 001 oo 0 95 135 365 0 0 50 595 +

(CPA) (6+18) (mg/mL)

Conc.: concentration, Obs.: observed, No.: number, g: gap, ctb: chromatid break, cte: chromatid exchange, csh: chromo-
some break, cse: chromosome exchange, CPA: cyclophosphamide.

-: negative, +: positive, -g: without gap, +g: with gap.

mutagenic, MTBE-induced neoplasms occur through
non-genetic mechanisms requiring chronic exposure to
toxic doses unlikely to be voluntarily tolerated by
humans because of the intense odor and taste at air or
water concentrations predicted to result in cellular
proliferation®.

Using iz vitro murine cell systems, various authors
have argued for®® or against?” an important role for the
formaldehyde metabolite in the carcinogenicity of MTBE.

MTBE by inhalation at airborne concentrations of
400, 3000, and 8000 ppm for 18 months in mice and 24
months in rats (6 hours/day, 5 days/week) produced an
increased incidence of hepatocellular adenomas in
female mice only and an increase in renal tubular cell
tumors in male rats. The latter occur in association with
nephropathy, which is believed to be unique to the rat.

An increased incidence of Leydig cell tumors was found
relative to controls, but this appears to be due to an
unusually low incidence in the control group relative to
historical controls?®.

MTBE was found to affect cell growth and induce cell
transformation in cultured rodent fibroblasts®”.

Inhaled MTBE at an airborne concentration of 8000
ppm did not exhibit promotional activity for diethylnitro-
samine induced hepatic foci in female mice”.

In an unscheduled DNA synthesis assay, a dose-
response relationship with rat primary hepatocytes was
observed, meaning that MTBE may damage normal
DNA and cause unscheduled DNA synthesis®V.

In vitro testing has produced equivocal results. A
dose-related positive response was seen in the pre-

sence of metaholic activation in the mouse lymphoma
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assay, while two Ames tests were negative®?.

MTBE was non-mutagenic in the Drosophila sex-
linked recessive lethal test, rat bone marrow cytoge-
netic test, mouse bone marrow micronucleus test, and
the i vivo & in vitro murine hepatic unscheduled DNA
synthesis test®®.

The mutagenicity of MTBE in cultured mouse lym-
phoma cells was determined to be due to its metabolite,
formaldehyde, from the greatly reduced mutagenic
activity of MTBE in the presence of excess formal-
dehyde dehydrogenase. The latter enzyme would de-
activate any formaldehyde formed to nonmutagenic
formic acid®®, However, the absence of a formaldehyde-
induced pattern of DNA adducts in the livers of CD-1
female mice indicates that the hepatocellular adenomas
induced in this strain by MTBE may not be the result
of formaldehyde production®”.

MTBE was largely inactive for inducing sister chro-
matid exchanges and chromosome aberrations. It was
inactive for sex-linked recessive lethal mutations in
Drosophila melanogaster. It did not induce chromosome
aberrations in rats i vivo®. It was negative in the
Drosophila sex-linked lethal, mouse bone marrow
micronucleus, and mouse hepatocyte unscheduled DNA
synthesis systems®?.

FA was not mutagenic in Salmonella typhimurium
strain TA 98, TA 100, TA 1535, or TA 1537 with or
without metabolic activation. It did induce sister chro-
matid exchanges in cultured Chinese hamster ovary
cells, but not with metabolic activation. No induction of
chromosomal aberrations was noted in cultured Chinese
hamster ovary cells treated with furfuryl alcohol
without metabolic activation, but equivocal results were

obtained with metabolic activation®”

. There was no
increase in the frequency of sister chromatid exchanges
in human lymphocytes treated with FA, nor was there
any evidence of genotoxicity in Drosophila melanogaster
in assays for sex-linked recessive lethal mutations and
sex chromosome loss®®.

Under the conditions of these 2 yr inhalation studies,
there was some evidence of carcinogenic activity of FA
in male F344/N rats based on increasing incidences of

combined neoplasms of the nose. There was equivocal

evidence of carcinogenic activity in female F344/N rats
based on marginally increasing incidences of neoplasms
of the nose and renal tubule. There was some evidence
of carcinogenic activity of furfuryl alcohol in male
B6C3F1 mice based on increasing incidences of renal
tubule neoplasms. There was no evidence of carcino-
genic activity of furfuryl alcohol in female B6C3F1 mice
exposed to 2, 8 or 32 ppm®.

The induction of SCEs was also investigated in
workers occupationally exposed to these solvents that
are commonly used in the manufacture of furoic resins.
The results obtained from the i vitro treatments show
that furfural increased the number of SCEs, while FA
did not. In exposed workers, neither of these solvents
increased the spontaneous frequency of SCEs per
metaphase®?.

Although most experiments will give clearly positive
or negative results, in rare cases the data set will
preclude making a definite judgment about the activity
of the test substance. Results may remain equivocal or
questionable regardless of the number of times the
experiment is repeated. Positive results from the
vitro chromosome aberration test indicate that the test
substance induces structural chromosome aberrations
in cultured mammalian somatic cells. Negative results
indicate that, under the test conditions, the test sub-
stance does not induce chromosome aberrations in
cultured mammalian somatic cells.

From the results of this study, it was suggested the
further investigations to perform such as FLARE assay
(Comet assay with repair enzyme as Fpg, Endo II),
real-time RT-PCR and even toxicogenomics studies.
Moreover it would be more useful as a biomarker for
chemical risk assessment to perform these tests with
many chemicals.

Toxicological information from these studies could be
used to prepare or update the MSDS in many industries
for prevention occupational disease possibly occurs with
using them.

4. Conclusion

This study was conducted because insufficient infor-
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mation was available about the potential hazards of
MTBE and FA. We are performed i vitro chromosomal
aberration study with direct method and metabolic

activated method, and it is concluded that these two

chemicals are not mutagenic with these test conditions.
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