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Abstract

This study was conducted to evaluate the mutagen-
ic potential of dimethyl isophthalate (DMIP) using
Ames bacterial reverse mutation test, chromosomal
aberration test and mouse lymphoma tk*/~ gene
assay. As results, in Ames bacterial reversion assay,
DMIP was tested up to the concentration of 5,000
Kg/plate and did not induce mutagenicity in Salmo-
nella typhimurium strains TA98, TA100, TA1535 and
TA1537, and Escherichia coli WP2uvrA with or with-
out metabolic activation (S9 mix). Using cytotoxicity
test, the maximal doses of DMIP for chromosomal
aberration assay were determined at 1,250 pg/mL,
which was a minimum precipitation concentration
(IC50>1,940 pg/mL or 10 mM) and at 155 pg/mL (ICso:
155 pg/mL) in the presence and the absence, res-
pectively, of S9 mix. DMIP in the presence of S9 mix
induced statistically significant (P<0.001) increases
in the number of cells with chromosome aberrations
at the dose levels of over 250 pg/mL, when com-
pared with the negative control. However, DMIP in
the absence of S9 mix did not caused significant
induction in chromosomal aberrant cells. In MLA,
DMIP at the dose range of 242.5-1,940 pg/mL in the
presence of S9 mix induced statistically significant
increases in mutation frequencies related to small
colony growth, whereas any significant mutation
frequency was not observed in absence of S9 mix.
From these results, it is conclusively suggested that
dimethyl isophthalate may be a clastogen rather
than a point mutagen.
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Dimethyl isophthalate (DMIP) is widely used in the
production of sodium dimethyl isophthalgiesul-
fonate (SIPM) for enhancing the chromaticity of
polyethylene terephthalate (PET). The major sources
releasing large amounts of DMIP into the environ-
ment are the wastewater generated from the produc-
tion of dimethyl terephthalate (DMTP), which contain
high concentrations of DMIP at 38% as the major
by-product of DMTP manufacturing processes (Fajar-
do et al, 1997}. In Korea, 971 tons of DMIP was
imported as a polymer modifier and as a chemical
intermediate in 2002

The impact of these chemicals on the environment
and their toxicity to living organism are of great con-
cern today. DMTP is suspected of causing cancer and
chronic kidney inflammatioh Several studies con-
ducted in rats, rabbits, and mice have all indicated
that dimethyl terephthalate (DMTP) is absorbed read-
ily from the digestive tract and eliminated rapidly in
the urine within 48hours. Most of the absorbed
DMTP is metabolized to terephthalic acid (TPA) via
ester hydrolysis. Because DMIP and DMTP are close
structural analogues, it is anticipated that DMIP is
absorbed readily from the digestive tract, most of the
absorbed DMIP is metabolized to isophthalic acid
(IPA) via ester hydrolysis, and IPA is eliminated rapid
ly in the uriné.

However, so far only limited information is avail-
able on the identification of transformation interme-
diates and characterization of biochemical pathway
of DMIP prior to the formation of isophthalic acid
(IPA)>. Especially,in vitro/in vivo genetic toxicity,
toxicokinetics, reproductive toxicity of DMIP have
not been thoroughly studied.

The objectives of this study were conducted to eval-
uate the mutagenic potential of DMIP using Ames
bacterial reverse mutation test, chromosomal aberra-
tion test, mouse lymphonikt'~ gene assay (MLA).

Bacterial Reverse Mutation Test on DMIP

For the dose rang@énding, three tester strains of
bacteria were exposed to H000ug/plate of DMIP
(Figure 1) in the absence and the presence of S9 mix.
The exposure of DMIP at 5,0Q@/plate caused 50%
decreases in the number of revertant colonieSabf
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monella typhimuriunTA100, compared with that of mutagenic.
DMSO exposure (negative control). Thus, the main The frequency of revertant colonies for the negative
mutation study was performed using the exposing control in Table 1 was considered to be acceptable
dose ranges of 1568000ug/plate in five bacterial and all of the positive controls induced marked incre-
strains Salmonella typhimuriunTA98, TA100, ases in the frequency of revertant colonies confirming
TA1535, TA1537 andescherichia colWP2uvrA) in the activity of S9 mix and the sensitivity of the bacte-
the absence and the presence of S9 mix. The resultsal strains. For the study validation, the master strains
of the mutation test are presented as a mean and stamere checked for characteristics, spontaneous rever-
dard deviation of triplicate in the revertant colonies sion rate representing amino acid requirement, ampi-
(Table 1). The frequency of revertant colonies for any cillin resistance for Ractor, and sensitivity to crystal
of the bacterial strains, with any dose of DMIP, either violet for fa membrane mutation and to UV for DNA
with or without metabolic activation, did not increase repair. These data are not given in this report.
concentratiorrelated, which was representing ron
Chromosome Aberration Assay on DMIP
In order to evaluate the concentration of 50% cell
o o growth inhibition (1Gg), cytotoxicity test was per-
formed using MTT assay and the result was shown
that 1G, values were 15fg/mL and over 1,94g/

I o — mL (or 10 mM) in the absence and the presence, res-
pectively, of S9 mix (Figure 2). ConsideringsiC
values and precipitation of DMIP, the dose levels of
the exposure in chromosome aberration test were
determined as 38.8, 77.5, 1p§/mL without meta-

Figure 1. Chemical structure of dimethyl isophthalate. bolic activation and 312.5, 625, 1,268/mL with

Table 1. Summary of revertant colony numbers obtained per plate with or without S9 mix in bacterial reverse mutation test.

Number of revertant colonies/plate

S9 mix Test Dose

substance  g/plate) Base replacement type Frame shift type
TA100 TA1535 WP2IVrA TA98 TA1537
DMSO 53.A412.1 33. %29 58.H2.3 35.3£3.2 13.3t15
DMIP 156.3 54.7#2.1 31.3:15 57421 35.0£3.5 13.3t15
3125 50.6:7.8 34.0+4.0 52.3+3.8 34.0+3.6 13425
625 26.0+9.8 35.0+7.2 57.0+10.8 27.3t5.8 8.0+2.6
1250 17.3t2.1 16.0+1.7 36.49.1 23.0+1.7 2.3+:0.6
_ 2500 20.6t6.1 17.0£2.6 29. 455 22.3+2.3 2.7+2.1
5000 25.#5.9 16.0£1.7 28.0+7.0 34.0+5.3 4.0+1.7
SA 1 680.#18.6 - - - -
SA 1 - 576.0+24.2 - - -
AF-2 0.01 - - 128.0+7.0 - -
2-NF 1 - - - 243.0+7.9 -
9-AA 80 - - - - 436.3+41.7
DMSO 170.3+16.2 16.A41.5 59.3+5.0 54.0+7.0 12.0+1.7
DMIP 156.3 173.:18.7 9.0+2.6 57.3:5.5 40.0+1.7 8.0+£1.0
3125 183.@:14.1 14.°A1.2 59.A49.1 58.#8.5 12.#3.2
625 172.#24.8 14.3+4.5 50.3+8.6 50.3£3.2 10.0+2.6
1250 146.3:14.2 12.3+3.2 40.+4+7.8 51.4#9.1 11.0+2.6
+ 2500 118.3+55.0 12.#0.6 27.4+6.8 50.3:1.5 9.7+1.2
5000 80.6+12.8 15.3+1.5 29.H43.8 52.3:6.8 8.7+2.3
2-AA 1 422.0+10.6 - - - -
2 - 107.7+3.1 - - -
20 - - 356.7+32.1 - -
0.5 - - - 233.3+28.6 -
2 - - - - 110.7+4.5

Data are presented as mes8D (N=3), DMSO: Dimethyl sulfoxide (106L), SA: sodium azide, AR2: 2-aminofluorene, 2NF: 2-nitrofluorene,
9-AA: 9-aminoacridine, 22A: 2-aminoanthracene.
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metabolic activation. The test results of short term (6 dose levels, 312.5, 625, 1,25@¢/mL, when compared
hours) and long term (24 hours) exposures, and conwith the negative vehicle (DMSOQ). In the absence of
firmation experiment (6 hour exposure) are shown in S9 mix, DMIP caused no statistically significaRt{
Table 2. In the presence of S9 mix, DMIP induced 0.05) increases in the number of chromosomal aber-
statistically significantP<0.001) increases in the rant cells at any dose level and for any exposure time,
number of cells with chromosome aberrations at allwhen compared with the vehicle. In the confirmation
test of a short term exposure in the presence of S9
mix, DMIP at the concentrations, 125, 250, @0

mL induced statistically significant doselated in-

::;gg; creases; 3.0, 10.0, and 15.0%, respectively in the per-
centage of aberrant cells.
S Positive control compounds, mitomycin C and cyc-
g lophosphamide monohydrate, caused a statistically
5 O significant < 0.001) increases in the number of
g O cells with chromosome aberrations, representing that
;:E the test conditions were adequate and that the meta-
ig bolic activation (S9 mix) functioned properly.
[
© Mouse Lymphoma Assay on DMIP
= » Using MLA, genotoxic potential of DMIP in the
% 1000 2000 2000 2000 50 absence and the presence of S9 mix was assessed up

to the concentration of 1,94@®/mL 0 mM), which

was the dose of over 20% relative survival (% RS) of
Figure 2. Effect of DMIP on the viability of CHL cells fora  L5178Y cells for a 3 hour exposure (Figure 3). Figure

6 hour exposure with S9 mix or for a 24 hour exposure with- 4 showed the results from a 3 hour exposure in the
out S9 mix. absence and the presence of S9 mix and a 24 hour

Concentration of test substangg/{mL)

Table 2. Metaphase analysis of chromosome aberrations in CHL cells exposed to DMIP with or without S9 mix.

. . Aberration Aberration  Normal
rﬁii (-rl]—(')rﬂre) Co(lrllg;erglt_r)atlon ctb cte csb cse excluding ctg csg endo including cells
gap (%) gap (%) (No.)
NC 1 1 0 0 1.0 2 0 0 2.0 196
3125 7 14 0 0 8.5* 6 0 0 11.5 177
+ 6 625.0 7 29 3 1 17.5*% 7 1 1 20.0 160
1250.0 52 64 20 4 67.0* 9 3 3 68.0 64
CP 17 23 3 1 21.5* 11 4 4 28.5 143
NC 1 1 0 0 1.0 3 1 1 3.0 194
38.8 0 0 0 0 0.0 3 0 0 15 197
- 6 77.5 2 1 0 0 15 5 2 2 5.0 190
155.0 2 0 0 0 1.0 3 1 1 3.0 194
MMC 20 37 4 1 29.0* 8 3 3 335 133
NC 2 1 0 0 15 2 0 0 25 195
38.8 1 1 0 0 1.0 2 1 1 25 195
- 24 77.5 0 0 0 0 0.0 2 1 1 15 197
155.0 1 0 0 0 0.5 1 2 2 2.0 196
MMC 25 38 4 0 31.5* 8 4 4 37.0 126
NC 1 1 0 0 1.0 1 1 0 2.0 196
125 2 4 0 0 3.0 7 1 0 7.0 186
+ 62 250 6 17 0 0 10.5* 7 1 2 14.5 171
500 8 21 1 2 15.0* 6 2 0 18.5 162
CP 11 29 1 1 18.5* 6 3 0 21.5 157

*: P<0.001, OtherwiseP>0.05 comparison with negative control by Fisher's exact test.

NC: DMSO (1%), CP: Cyclophosphamide monohydratey(@®nL), MMC: Mitomycin C (1ug/mL), ctb: chromatid break, cte: chromatid
exchange, csh: chromosome break, cse: chromosome exchange, ctg: chromatid gap, csg: chromo%otine gegults from a 6 hour
confirmation test.
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200r _g oq Table 3. Plate counts and mutation frequencies for large and
O SOt small colonies.
g 150 Test  Dose S9-.3h  S9-,3h S9-, 24h
E substance g/mL) sc Lc sC LC SC LC
? 1004 \ DMSO 185 25 140 20 120 05
g DMIP 121.3 - - - - 13.0 3.0
3 242.5 185 15 150 25 125 1.0
x S0F 485 165 2.5 225 30 215 05
970 170 25 295 20 - -
0 1455 220 20 335 6.0 - -

0 500 1000 1500 200 1040 200 25 425 25 - -

Concentration of test substanpg/mL) MMS 10 470 95 - - 81.0 16.5
CP 3 - 67.0 95 - -

Figure 3. Relative survival (RS) rate of L5178Y cells ex-

posed to DMIP for 3 hours with or without S9 mix. Data are presented as means @)

SC: the number of small colonies, LC: the number of large colonies.

*

4000 o so anr & ug/mL, since L5178Y cells was not survived well.

—~O~ SO+, 3hr However, DMIP caused a significant induction and a
dose response in MFs in the presence of S9 mix.
© Those inductions in MFs were related to the increases
e in small colonies rather than large colonies of L5178Y
200 mutant cells on the well plate (Table 3).

The adequacy of the experimental conditions for
detection of induced mutation was confirmed by
employing positive control chemicals, MMS and CP
without and with, respectively, S9 mix. Background
5 =00 1000 1500 200 mutation frequencies were within the historical con-

Concentration of test substanpeL) troI_ range, and positive controls gave ma_lrke_d increas-

es in MFs, meeting assay acceptance criteria.

w

o

o
T

Mutant frequency (1%

400
—@— S9-, 24 hr
€ a00l Discussion
=
& We investigated the genotoxic potential of DMIP
g 200 using three different assay systems, AMES, CA and
= MLA. AMES has been known to detect mutagenic
g 100l potential in a prokaryotic system and CA to detect
= clastogenic potential in an eukaryotic system, while
MLA to detect point mutation as well as small dele-

0 : ' ' , ' : tion of chromosome in an eukaryotic system.
0 100 200 300 400 500 60( . -
Under the present experimental conditions, DMIP
Concentration of test substanpe(mL) in the absence and the presence of S9 mix did not
induced a point mutation in bacterial systems. Chro-
in a 3 hour exposure with or without S9 mix and in a 24 hour mosome aberration assay using CHL cells demqn-
exposure without S9 mix. *: Statistically significait< strated that the treatment of DMIP without metabolic
0.05). activation did not cause induction in chromosomal
aberrant cells, while the metabolism of DMIP with
metabolic activation caused significant induction in
continuous exposure in the absence of S9 mix. DMIPthe frequency of chromosomal aberration. MLA assay
did not induce significant changes in MFs and a doseshowed that DMIP induced the mutation frequency
response for short term and continuous exposures ironly in the presence of S9 mix, which related to the
the absence of S9 mix. The mutant colonies couldn’tincreases in small mutation colonies but not in large
be counted in a 24 hour exposure of DMIP over 970colonies.

Figure 4. Mutation frequencies by DMIP in L5178Y cells
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A striking feature of thek mutant colonies recov- Ames Salmonella Bacterial Mutagenicity
ered in the MLA is the presence of two size classes ofAssay
mutants. Immediately following their isolation, the  This test performed essentially as described by
cells in the large colonies grow at a normal rate, while Ameset al.and OECD guidelin€'6. The dose range
cells in the small colonies grow slowly. The relative for test substance was determined by performing a
frequency of the two colony classes is mutagen de-toxicity assay using strai8almonella typhimurium
pendent. Generally, clastogens induce more smallTA98, TA100 andEscherichia coliwP2uvrA and
colony mutants while point mutagens induce more half-log dose intervals of DMIP up to 5,008/plate.
large colony mutan®$. Thus, it is suggested that Spontaneous revertant numbers were counted and
DMIP may be a clastogen rather than a point muta-plotted against the dose of DMIP to produce a survival
gen. curve for thehis+ genotype. The mutagenicity assay
From the several reports about the toxicity of DMIP, was performed by mixing one of the tester strains
it was anticipated that DMIP may not cause geneticwhich was cultured overnight, with DMIP in the
damages However, the present study showed clasto- presence and in the absence of S9 mixture condition,
genic potential of DMIP in eukaryotic cells was dif- sodium phosphate buffer added instead of S9 mix
ferent in the absence and the presence of S9 mixboth in negative and positive control in test tube.
DMIP as a parent compound was more cytotoxic butThen, incubating the mixture in shaking incubator for
its metabolites were clastogenic at high concentra-30 min at 37C and after incubation, the mixture mix-
tions. From the studies about degradation mecha-ed with top agar containing a minimal amount of his-
nisms by microorganisms, it has been demonstratedidine or tryptophan and then poured onto the surface
that DMIP and DMTP are transformed to correspond- of ar-ray sterile Petri dish (Falcon, USA) containing
ing monoesters first (MMIP and MMTP) and then to 30 mL of solidified bottom agar. The finished plates
isophthalic acid (IPA) and teraphthalic acid (TPA), were incubated for 48 h at 37, and revertant coloni-
which are converted to protocatechuic acid (PCA) es were counted later. Negative control plates con-
before cleavage of the aromatic rifg® Recent  taining no added test substance but positive control
reports have suggested the phthalates and their degrglates containing appropriate amounts of chemicals
dation products, the stalled monophthalates, play known to be active were included with each tester
an important role in the development of allergic res- strain. All platings were done in triplicate, and the
piratory diseases. With respect to the toxicological results were tabulated as the mgatandard devia-
effects, the monophthalate is considered to be mordion for each condition.
potent than its parent compodht:. The fate of DMIP
in vivo system has been largely neglected, but antici-In Vitro Chromosomal Aberrations Assay in
pated to be similar in microorganism$hus, positve = CHL Cells
result of the present study could be expected and fur- The clastogenicity of DMIP was evaluated for their
ther researches abountvivo experiment or metabo-  ability to induce chromosomal aberrations in CHL
lites of DMIP are recommended. cells. The experiment was performed as described by
OECD guideliné’ and Ishidate and Odashitfiavith
some minor modificatiort$2% which are briefly sum-

Methods marized as follows. Concentration selection for this
assay was based on solubility (testing was performed
Chemicals and Reagents up toprecipitating concentrations, 1,35¢/mL), and

Dimethyl isophthalate (DMIP) was purchased from determination of cytotoxicity. Three different doses,
Fluka Company. Sodium azide (SA)nirofluorene  including the 1G, value as a maximal dose, were pre-
(2-NF), 9-aminoacridine (9AA), 2-aminoanthracene pared and separately added tde&8rold cultures (ap-
(2-AA), methyl methanesulfonate (MMS), cyclophos- proximately 16cells/60 mm dish). In the absence and
phamide monohydrate (CP) from Sigikdrich Co., in the presence of S9 mix, cultures were treated for 6
2-aminofluorene (AR2) from Wako Co., and mito- h with DMIP and then maintained for 18 h in the
mycin C from Amresco Inc. were obtained. Eagles fresh medium to adjust a time equivalent to about 1.5
minimum essential medium (EMEM), RPMB40, normalcellcycle lengths. Cyclophosphamide mo-
Colcemid, fetal bovine serum were purchased fromnohydrate (CP) and Mitomycin C (MMC) were used
Invitrogen corporation. The S9 fraction, a postmito- as positive controls in combination with or without
chondrial supernatant was purchased from MOL- S9 mix, respectively. After 22 h incubation, the treat-
TOX™ (Molecular Toxicology, Inc.). ment was followed by addition of medium containing

Colcemid at a concentration of 0.28/mL. Then, 2h
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further incubated in the presence of Colcemid, meta-mL glucose6-phosphate, 25 mg/mL NADP and 150
phase cells were harvested by trypsinization andmM KCI. The concentration of S9 mix was 5% dur-
centrifugation. The cells were swollen by adding with ing treatment and the final concentration of S9 was
hypotonic (0.075 M) KCI solution for 30 min at 37, 2%. For treatment, cells were centrifuged and suspend
and washed three times in iceld fixative (metha- ed at a concentration of O&LC° cells in 10 mL of
nol : glacial acetic acid3: 1). After centrifugation, medium in 15mL polystyrene tubes. DMIP was test-
the fixative was removed, and cell pellet suspensionsed with and without S9 mix. DMIP at each concen-
were prepared by pipetting gently. A few drop of cell tration were added and these tubes were gassed with
pellet suspension were dropped onto-plkeaned 5% CG in air and sealed. The cell culture tubes were
glass microscope slides, and dried in the air. Slidesplaced on a roller drum and incubated &C3for 3 h.
were stained with 5% Giemsa buffered solution at pH At the end of the treatment period, the cell cultures
6.8 for scoring of chromosome aberrations. The num-were centrifuged and washed twice with fresh medi-
ber of cells with chromosomal aberrations was re-um and resuspended in fresh medium. We conducted
corded on 200 welpread metaphase cells at the preliminary experiments to determine the solubility
magnification of 1,000 with Inverted microscope and cytotoxicity of DMIPs. Cytotoxicity was deter-
(Nikon, Optiphot2). The classification of aberration mined by relative survival (RS) and relative total
types referred to JEMBIMS?L. Breaks less than the growth (RTG) following 3 h treatments at concentra-
width of a chromatid were designated as gaps in ourtions up to 1,94Qg/mL 0 mM), usually regardless of
criteria, and it was not included as chromosomal abersolubility. The recommended highest concentration
ration. The incidence of polyploid and endoredupli- was one with a 220% RS and/or RTG. Mutant selec-
cated cells was also recorded when these events wergon was performed using the modified microwell
observed. Solventfreated cells served as negative version of the assay as described by Clemetras?*.
controls in this experiment. CHL cells usually have Simply, the treated cells in medium containinggd3
less than 3.0% cells with spontaneous chromosomelFT/mL for selection or without TFT for cloning
aberrations. Aberration frequencies, defined as aberefficiency were distributed at 2QQ./well into 96
rations observed divided by number of cells counted,well flat-bottom microtiter plates. For mutant selec-
were analyzed using Fishers exact’fasith Dunnetts  tion, two plates were seeded with ~2,000 cells/well.
adjustment and compared with results from the sol-For cloning efficiency, two plates were seeded with
vent controls. Therefore, data from count up well ~1 cell/well. All plates were incubated in 5% i@
spread 200 metaphase cells were expressed as peair in a humidified incubator at 3C. After 1%:13
centages, and then dedependent responses and the days incubation, clones were counted and the colony
statistical significance ifP-value will be considered size distribution was determined. Mutant frequencies
as positive results. were calculated using a statistical package (MutantTM;
UKEMS, York, UK) in accordance with the UKEMS
L5178Y tk*'--3.7.2C Mouse Lymphoma Assay guidelines®.

(MLA)
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