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ABSTRACT

4-Methylimidazole (4-MElI) is a color widely found in cola drinks, roasted foods, grilled meats, coffee and other
foods. This study was aimed to investigate the 4-MEI effects on the cell proliferation, purified circular DNA and
DNA from cells of rats treated with the 4-MEI.

In this study, mouse 3T3-L1 cell line was treated with 4-MEI at concentrations of 300, 450, 600 and 750 pg/mL
for 24 hours and 48 hours periods, after that cytotoxic effect of the 4-MEI was studied by MTT test. Also, the
effect of 4-MEI on purified circular DNA (pET22b) was investigated by treating of the DNA with 4-MEI concen-
trations of 300, 450, 600 and 750 pg/ml.

DNA was extracted from liver cells of rats that have been treated with 4-MEI doses of 25 and 50 mg/kg for 10
week and it was subjected to agarose gel electrophoreses analyses.4-MEI significantly inhibited cell proliferation
of 3T3-L1 cell line at highest concentration for 24 h and at all concentration for 48 h treatment time. DNA frag-
mentation assay showed that 4-MEI at 50 mg/kg concentration clearly produced characteristic DNA smear and
no DNA laddering (200bp) was observed when mouse was exposed to 4-MEI. The results obtained from plasmid
DNA damaging assay showed that 4-MEI| has noeffect on the DNA, because the electrophoretic pattern of DNA
treated with 4-MEI showed three bands on agarose gel electrophoresis as it was for untreated control. 4-MEI
showed cytotoxic effect on 3T3-L1 cells but no effect on plasmid DNA breaking. According to DNA fragmenta-

tion assay 4-MEI has necrosis effects on mouse liver cells (Tab. 1, Fig. 4, Ref. 27). Text in PDF www.elis.sk.
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Introduction

The 4-Methylimidazole (4-MEI) is found in natural dyes during
the ammonia and ammonia-sulfite caramelization processing (Mail-
lard reaction) of carbohydrates. Caramel colors of foods have been
grouped in 4 classes by the Joint FAO/WHO (Food and Agriculture
Organization of the United Nations/World Health Organization)
Expert Committee on Food Additives (JECFA), and the European
Union Scientific Committee for Food (1). 4-MEI (a heterocyclic or-
ganic chemical compound) is extensively used in human foods.
Caramel color (which is the most-used food and beverage color-
ing), dark beers and common brands of cola drinks may contain
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more than 100 pg of this compound per 12-ounce serving. Also, this
substance is found in roasted foods, grilled meats, and coffee (2, 3).

Some researchers have reported regarding the detrimental ef-
fect of the commonly used substances, for example NTP, found
equivocal evidence of carcinogenic activity in female rats (F344/N)
based on increased incidence of mononuclear cell leukemia and
no evidence of carcinogenic activity in male rats. However, the
manufacturing of certain artificial caramel colorings can lead to
the formation of carcinogens (4, 5). On the other hand, Caramel
showed mutagenic activity in Salmonella typhimurium TA 100 (6).
In contrast to these researches, other experimental studies reported
that 4-MEI provide chemopreventive effects against some cancers
(5, 7). The decreased incidences of tumors in rats were mentioned
in the NTP results, but they were not given much prominence, be-
cause NTP commonly focuses on cytotoxic identification rather
than cancer prevention (4).

According to our knowledge there are not enough studies re-
garding genotoxic and cytotoxic effects of the 4-MEI, so by con-
sidering the extreme usage of the 4-MEI worldwide, this study was
aimed to investigate of the effects of 4-MEI on the inhibition of
cell proliferation, DNA breaking and DNA fragmentation.

The 3T3-L1 cell line was originally derived from Swiss mouse
embryo tissue by Dr. Howard Green of Harvard Medical School.
The 3T3-L1 is most commonly used in short- and long-term nano-
toxicological in vitro studies on cytotoxicity, cancer, biocompati-
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bility, or mechanisms of cellular uptake of nanoparticles (8, 9).
MTT assays are well known tests for evaluation of chemoradia-
tion studies and radiosensitivity (10, 11, 12). MTT assays are well
known to study chemosensitivity or toxicity of drugs in cell lines
(13, 14). The assay is less common to study survival of cancer cells
after irradiation, in particular when the MTT assay is performed
for studying proliferation of treated cells. The base of this method
is the formation of dark-colored formazan dye by reduction of the
tetrazolium salt MTT by metabolically active cells (15).

A hallmark feature of apoptosis was the observation that nu-
clear DNA extracted from apoptotic cells was often degraded in
an inter-nucleosomal pattern (16). That is, DNA cleavage during
apoptosis occurred at sites between nucleosomes, protein-con-
taining structures that occur in chromatin at approximate 200-bp
intervals. This DNA fragmentation was often analyzed using aga-
rose gel electrophoresis to demonstrate a “ladder” pattern (17). On
the other hand, genomic fragments of irregular sizes are generally
induced during necrotic cells, and a DNA smear is obtained during
agarose gel electrophoresis (18).

The characteristics of the major classes of food coloring are
that in order to express their genotoxicity and carcinogenicity, they
must be metabolized to reactive intermediates that are capable of
interacting covalently with DNA (19). Damage to DNA is likely
to be a major cause of cancer and other diseases.

Materials and method

Materials

In this study, 4-MEI (CAS Number: 822-36-6, Purity: 98%,
Molecular Weight: 82.11) was purchased from Sigma Aldrich and
used as a test substance. The molecular structure of the substance
as shown in Figure 1.

In this research pET22b plasmid was purchased from Novagen
and MTT dye (3-(4, 5-dimethylthiazol-2-yl)-2,5- diphenyl tetrazo-
lium bromide), Dimethylsulfoxide (DMSO), mouse embryo 3T3-
L1 cells were purchased from the Sigma and RPMI 1640 medium
was purchased from Life technologies.

Assessment of cytotoxicity

The mouse embryo 3T3-L1 cells were obtained from Depart-
ment of Medical Biology, Medicine Faculty of Cukurova Universi-
ty, Adana, Turkey. The culture medium included Dulbecco’s RPMI
1640 medium. The cell culture condition was 37 °C in humidified 5
% CO, incubator. The inhibition of cell proliferation was evaluated
by MTT assay. The MTT assay was performed according to the
method from Mosmann (20). 3T3-L1 pre adipocytes were plated
into microtiter plates at a density of 1x10*cells/well. After 24 h,
culture medium was replaced by 90 pL RPMI 1640 combined
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Fig. 1. The structure of 4-methylimidazole
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with 300, 450, 600, 750 pg/mL of the 4-MEI (The tests for each
concentration was repeated 8 times) and the cells were incubated
for 24 and 48 hours (one group for 24 h and the other for 48 h).
The above mentioned concentrations were opted due to the LD50
(750 pg/ml) of the substance which was obtained by pre-tests in
our lab. After the incubation time, 10 ul sterile filtered MTT so-
lution (5 mg/mL) in phosphate buffered saline (PBS, pH = 7.4)
was added to each well and the cells were incubated for 5 hours,
then unreacted dye was removed. The insoluble formazan crystals
were dissolved in 200 pL/well DMSO and measured spectropho-
tometrically in Medispec Esr-200 spectrophotometer at 570 nm.
The relative cell proliferation (%) was calculated by equation of:

Ay (melanin) /A - (untreated control) x 100

570nm
Statistical analysis

Data were presented as mean + S.D. Statistical analysis was
performed using Student’s t-test. In this research, statistical tests
were performed using Minitab software.

Assessment of apoptosis and necrosis by DNA fragmentation as-
say

Male and female adult Swiss Albino Rats (4 male and 4 female)
of body weight 80-90 g were obtained from the Medical Sciences,
Experimental Research and Application Centre of Cukurova Uni-
versity, Turkey and were acclimatized to the control diet for 1 week.
Animals were maintained as per the principles and guidelines of
the Ethics Committee (FEF2014DK4). Animals were housed in
separate cages as five animals per cage and were maintained in a
controlled environmental condition of temperature (22 + 2 °C) and
humidity (45-70 %) on alternatively 12 h dark/light cycles. The
animals were fed with commercial pellet diet and water.

After acclimatization periods (two weeks), the animals were
grouped in four groups (each group comprised from five female
and five male that were separately caged). 4-MEI were dissolved
in double distilled water and administered as single dose in 1 ml
per rat intraperitoneal to each group as following:

» Group A, Control group (untreated control): The control groups
only received normal diet (pellet and water).

* Group B: Received 25 mg/kg of 4-MEI (intraperitoneal injec-
tion) were administered five time a week for 10 weeks.

* Group C: Received 50 mg/kg of 4-MEI (intraperitoneal injec-
tion) were administered five time a week for 10 weeks.

After 4-MEI administration, animals were sacrificed by cer-
vical dislocations and livers were harvested and stored at —70 °C.
For DNA extraction from liver tissues 1 gram of tissue was ho-
mogenized and cells suspended in 2 ml NTE (Mix 5 M NacCl, 100
mM Tris-HClpH 7.5, 10 mM EDTA pH 8 ) buffer and 2 % trypsin
(100 pg/ml), 20 % Sodium Dodecyl Sulfate (SDS) (25 ul/ml) and
proteinase K (100 pg/ml) and incubated at 37 °C for overnight.
After incubation, saturated phenol and chloroform were added.
Then, they were centrifuged at 10,000 rpm for 10 min and finally
the DNA was washed and precipitaded by Ethanol 70 %. The pel-
let (DNA) was dissolved in TE buffer (21, 22). After that, DNA
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(200ng from all samples) mixed with loading dye and electropho-
resed on 1.8 % agarose in Tris borate (pH 8) for 2 h at 150 volt.
Gels were stained in 0.05 mg/ml ethidium bromide for 30 minute.

Plasmid DNA Breaking Potential

DNA damaging potential of 4-MEI was evaluated on pET22b
plasmid DNA (Novagen). The experiments were performed in a vol-
ume of 10 pl in a microfuge tube containing 3 pl pET22b (150 ng)
plasmid DNA, and 7 pl of 4-MEI in the concentrations of 300, 450,
600 and 750 pg/ml, respectively. In this research, untreated controls
(untreated pET22b plasmid DNA) and positive controls (1 pl of
30 % H,0,, 3 pl pET22b plasmid DNA, and 6 ul of H,O) were also
used. The reactions were incubated at room temperature for 30 min.
After incubation, the reaction mixture (5 pl) along with gel loading
dye (6%) was loaded on a 1.8 % agarose gel for electrophoresis (23).

Results

The effects of 4-MEI on the inhibition of cell proliferation in 3T3-
L1 cell line

In order to do MTT assay, the cells were treated with different
concentrations of the 4-MEI (300, 450, 600 and 750 pg/ml) and
incubated for 24 and 48 hours. After that cell concentration was
assayed by spectrophotometer (OD, ) and subjected to calculation
of relative cell concentrations. The cytotoxic effect of 4-MEI on
3T3-L1 cell line is shown in Table 1. In this study 4-MEI at highest
concentration of 24 h and at all concentration for 48 h treatment
time significantly inhibited cell proliferation when it was com-
pared with control. The 4-MEI decreased the growth of the cells
by about 13.41 % at concentration of 750 pg/ml for 24 hours and
17.80 at concentration of 300 pg/ml, 20.07 % at concentration
of 450 png/ml, 31.91 % at concentration of 600 pg/ml and 39.77
% at concentration of 750 pug/ml for 48 hours treatment periods.
Also, exposing to the 4-MEI for 48 hours leaded to a decrease in
cells proliferation in concentration dependent manner (Fig. 2).

Assessment of apoptosis and necrosis by DNA fragmentation assay

DNA fragmentation in samples of mouse treated livers ob-
tained from untreated and treated groups was studied by agarose
gel electrophoresis (24). Genomic fragments of irregular sizes

Tab. 1. MTT assay of the 4-MEI in 3T3-L1 cell line.

Treatment
Test Substance Time Concentration ~Mean value (%)+SE
(hours) (ng/ml)

Control 24 — 0£1.76
300 -2.91+3.21
450 -10.30+4.06

4-MEI 24 600 0.46:1.69
750 13.41£0.541 a,

Control 48 - 0+4.06
300 17.80+4.04 ,
450 20.07+4.52 a

4-MEI 48 600 3191363 a,
750 39.77+1.02 a

Data are expressed as the mean values (+SE) obtained from 8 repeat; (n=8). A: sig-
nificant from untreated control; a b : p <0.05;a,b,: p<0.01;a,b,: p <0.001.
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Fig. 2. The cell proliferation inhibition in 3T3-L1 cell line trearted
with 4-MEI for 48 h treatment periods.

Fig. 3. The effect of 4-MEI on DNA fragmentation (lane 1, 25 mg/kg
4-MEI (J), lane 2, 25 mg/kg 4-MEI (?), lane 3, 50 mg/kg 4-MEI (&),
lane 4, 50 mg/kg 4-MEI grup (?), lane 5, Untreated control, lane M,
Marker.

Open supercoil
Super coil

Linear

Fig. 4. Electrophoretic pattern of pET22b plasmid DNA after treat-
ment with 4-MEI and H,0O,. Lane 1: pET22b plasmid DNA (untreated
control); lane 2: plasmid DNA treated with H,O,; lanes 3: pET22b
plasmid treated with 300 pg/ml of 4-MEI; lanes 4: pET22b plasmid
treated with 450 pg/ml of 4-MEI; lanes 5: pET22b plasmid treated
with 600 pg/ml of 4-MEI; lanes 6: pET22b plasmid treated with 750
pg/ml of 4-MEI

are generally induced during necrotic cells, and a DNA smear is
obtained during agarose gel electrophoresis (18). Figure 3 show
the fragmentation of DNA from liver cells of mouse (which were
treated with 25 and 50 mg/kg 4-MElIfor 10 week) and from control
animals. The analysis showed that 4-MEI at 50 mg/kg concentra-
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tion clearly produced characteristic DNA smear and no DNA lad-
dering (200 bp). Also, exposing to the 4-MEI leaded to an increase
in DNA smear in a concentration dependent manner. According to
this result 4-MEI has necrotic effects on mouse cells.

DNA breaking

Figure 4 shows the electrophoretic pattern of plasmid DNA
after 4-MEI and H,0, treatment. pET22b plasmid DNA showed
three bands on agarose gel electrophoresis (untreated control)
comprised of super coil, open supercoil and linear DNA. The
pET22b plasmid treated with H,O, (positive control) showed the
cleavage of supercoiled circular DNA on the agarose gel indicating
that the OH- generated from H,O, broken DNA strand. pET22b
plasmid DNA treated with H,O, showed two bands on agarose
gel electrophoresis comprised from open supercoil and linear
DNA. As it was shown in Figure 4, the electrophoretic pattern of
DNA treated with 4-MEI ((concentrations of 300, 450, 600 and
750 pg/ml) showed three bands on agarose gel electrophoresis as
untreated control, comprised from super coil, open supercoil and
linear DNA. Therefore 4-MEI did not break the plasmid DNA.

Discussion

According to our knowledge, this is the first study that ad-
dresses the cytotoxic potential of 4-MEI in 3T3-L1 cell line. In
this research the MTT assay was carried out to measure cytotox-
icity. The assay showed that 4-MEI at highest concentration of
24 h and at all concentration for 48 h treatment time significantly
inhibited cell proliferation of 3T3-L1 cell line. The result of this
study showed that 4-MEI has cytotoxic effect on cells. The results
obtained from DNA fragmentation assay showed that 4-MEI at 50
mg/kg concentration clearly produced characteristic DNA smear
and no DNA ladders (200 bp) were observed. According to this
result, 4-MEI has necrosis effects on mouse cells.

Short-term genotoxicity assays for the detection of potential
human carcinogens have been used by many investigators and
have been validated in international collaborative programs (25).
Similarly, we tested the effect of 4-MEI on plasmid DNA breaking.

The results obtained from plasmid DNA damaging assay
showed that 4-MEI has no effect on DNA breaking, because, the
electrophoretic pattern of DNA after 4-MEI treatment showed
three bands on agarose gel electrophoresis as untreated control
comprised of super coil, open supercoil and linear DNA. Accord-
ing to the findings of this research, it can be said that 4-MEI have
cytotoxic effect on 3T3-L1 cell line and have necrotic effect on
rat liver cells. Rayes studied the effects of histological and micro-
biological effects of cola-flavored soft drink on bacterial strains.
According to the result of Rayes research, Cola soft drinks were
alarming since it was lethal to pathogenic bacteria tested strains
(Bifidobacterium bifidum and Lactobacillus acidophilus) and had
deleterious effects on the normal flora of the intestinal tract and
toxic effect on the mice testicular cells (26). On the other hand,
Caramel is the main substance in Cola soft drinks, and it showed
mutagenic activity in Salmonella typhimurium TA 100 (6). There
were no more reports regarding the genotoxicity or cytotoxicity
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of 4-MEI in the available literature. Matsui et al. reported that
imidazole is an antifungal agent and the cytotoxic action of imid-
azole on fungal cells may be related to their action on membrane
Zn2+ permeability (27). So it is possible that the cytotoxic effect
of 4-MEI resulted from the same mechanism as imidazole effect
on fungal cells.

Conclusion

As aresult, 4-MEI has cytotoxic effect on 3T3-L1 cell line and
has necrotic effect on rat liver cells. The result of plasmid DNA
breaking assay showed that 4-MEI has no effect on plasmid DNA
breaking. Therefore, it can be concluded that 4-MEI might pose
a potential risk for humans. However, it must be evaluated with
different new studies.
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