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EXPERIMENTAL STUDY

Antiproliferative effect of a food coloring on colon cancer cell line
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ABSTRACT

4-MEI (4-Methylimidazole) is used as a chemical intermediate, crude material or component in the manufac-
ture of pharmaceuticals, photographic and photothermographic chemicals, dyes and pigments and agricultural
chemicals. 4-MEl is unintentionally found in our food. Caramel colour (which is the most used beverage colour-
ing and food), dark beers and common brands of cola drinks may comprise more than 100 pg of this compound
per 12-ounce serving. 4-MElI is widely used by people and colon cancer is common in our countries. So, it was
decided to do in vitro analysis of anti-cancer effect of 4-MEI by MTT test using htc-116 cell line.

In this study, mouse Htc-116 cell line was treated with 4-MEI concentrations of 300, 450, 600 and 750 pg/mL
for 24 hours and 48 hours periods, after that antiproliferative effect of the 4-MEI was studied by MTT assay.
In this study 4-MEI at highest concentration of 24h and at all concentration for 48 h treatment time significantly inhib-
ited cell proliferation when it was compared to control. Also, exposing to the 4-MEI for 48 hours led to a decrease in
cells proliferation by concentration dependent manner. This result showed that 4-MEI had anticancer effect in htc-116
cells. However, it has to be evaluated with different new studies (Tab. 1, Fig. 4, Ref. 19). Text in PDF www.elis.sk.
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Introduction

4-methylimidazole (4-MEI) a contaminant of caramel colour
with known use in certain alcoholic beverages, (Yoshikawa et al,
1981, Klejdus et al, 2006) was newly evaluated by IARC (Interna-
tional Agency for Research on Cancer) in 2011 and set into group
2B (Grosse et al, 2011). The substance was first identified as a trem-
orogenic and convulsive agent by Nishie et al (1969). LD50 values
of 4-MEI are 370 mg/kg orally and 165 mg/kg intraperitoneally for
mice; 120 mg/kg intraperitoneally for rabbits; and 590 mg/kg orally
and 210 mg/kg intraperitoneally for chickens (Nishie et al, 1969).

Food colouring is used both in commercial food production and
in household cooking (FDA, 2012). More than 2,500 items of food
colouring additives are used for various purposes, including colour-
ing and to increase nutrient value (Toldo, 1999). One of the food co-
louring is 4-Methylimidazole (4-MEI), which has a yellow colour.

4-METI is used as a chemical intermediate, crude material or
component in the manufacture of pharmaceuticals, photographic
and photothermographic chemicals, dyes and pigments and agri-
cultural chemicals (NTP, 2007). 4-MEI is unintentionally found in
our foods. Caramel colour (which is the most used beverage co-
louring in our food), dark beers and common brands of cola drinks
may comprise more than 100 pg of this compound per 12-ounce
serving (Jacobson, 2011).
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NTP (The National Toxicology Program) reported a two-year
consuming cancer assessment of 4-MEI in mice and rats. The result
of this research showed a clear evidence of carcinogenic activity
of 4-MEI in male and female B6C3F1 mice based on increased
incidences of alveolar/bronchiolar neoplasms. In accordance with
this result, NTP found equivocal evidence of carcinogenic activity
in female rats (F344/N) based on increased incidences of mono-
nuclear cell leukaemia and no evidence of carcinogenic activity in
male rats. However, the manufacture of certain artificial caramel
colourings can lead to the formation of carcinogens (NTP, 2007,
Chan et al, 2008). In contrast, other experimental studies reported
that 4-MEI provide chemopreventive effects against some types
of cancer. The decreased incidences of tumours in rats were men-
tioned in the NTP results, but they were not given much promi-
nence, because NTP commonly focuses on cytotoxic identification
rather than cancer prevention (Chan et al, 2008, Murray, 2011).

According to my knowledge, there are not enough studies
regarding protective effect and anticancer effect of the 4MEI, so
by considering the extremely usage of the 4-MEI worldwide, it
was decided to investigate the protective effect of the substance.
4-MEI is widely used by people and colon cancer is common in our
countries. So, it was decided to do in vitro analysis of anti-cancer
effect of 4-MEI by MTT test using htc-116 cell line.

Material and method

Chemicals

In this research, the test substance (4-MEI) was purchased
from Sigma and its properties are shown in Figure 1.
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Fig. 1. The chemical structure of 4-methylimidazole.

Chemical Formula: C,HN,

Molecular Weight: 82.11

Synonym: 1H-Imidazole, 4-methyl (9Cl); imidazole, 4-methyl;
4(5)-methylglyoxaline; 4(5),4(5)-methylimidazole; 5-methy-
limidazole

Trade name: 4-MEI

Pub Chem : 13195

Molecular weight: 82.10 g mol™

Appearance: Slightly yellowish solid

Density: 1.02 g/cm?

Melting point: 46 to 48 °C (115 to 118 °F; 319 to 321 K)
Boiling point: 263 °C (505 °F; 536 K)

CAS Number: 822-36-6

Purity: 98 %

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 is
shown in Figure 1. In this research, pET22b plasmid was purchased
from Novagen and MTT dye (3-(4, 5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide), Dimethylsulfoxide (DMSO), htc-116
cell line was purchased from the Sigma and RPMI 1640 medium
was purchased from Life technologies.

The htc-116 cells were obtained from Department of Medi-
cal Biology, Medicine Faculty of Cukurova University, Adana,
Turkey. The culture medium included Dulbecco’s RPMI 1640
medium. The cell culture condition was 37 °C in humidified 5 %

Fig. 2. HTC-116 cells after treatment with 4-MEI and NaOCl (24 h
treatment period). 1: untreated control; 2: htc-116 cells treated with
300 pg/ml of 4-MEI; 3: htc-116 cells treated with 450 pg/ml of 4-MEI;
4: htc-116 cells treated with 600 pg/ml of 4-MEI; 5: htc-116 cells, 11:
2: Positive Control (NaOCI): htc-116 cells treated with 500 pg/ml of
NaOCl.
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CO, incubator. The inhibition of cell proliferation was evaluated
by MTT assay. The MTT assay was performed according to the
method from Mosmann (Mosmann, 1983). Htc-116 adipocytes
were placed into microtiter plates at a density of 1x10*cells/well.
After 24 h, culture medium was replaced by 90 uL. RPMI 1640
combined with 300, 450, 600, 750 pg/mL of the 4-MEI (The tests
for each concentration was repeated 8 times) and the cells were
tested in our lab (Norizadeh Tazeh kand et al, 2016). After the
incubation time, 10 pl sterile filtered MTT solution (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 spectrophotometrically in
Medispec Esr-200 spectrophotometer at 570 nm (Sufi et al, 2016,
Zhan et al, 2016). The relative cell proliferation (%) was calcu-
lated by equation of:

A57O nm (me:lanin)/A570 nm (untreated control) x 100

HTC-116 cells after treatment with 4-MEI and NaOCl (24 h
treatment period). 1: untreated control; 2: htc-116 cells treated with
300 pg/ml of 4-MEI; 3: htc-116 cells treated with 450 pg/ml of
4-METI; 4: htc-116 cells treated with 600 pg/ml of 4-MEI; 5: htc-

15 4
y = 0.0195x — 3.9924
c 10 r’ = 0.9685
k)
S
e
<
R 97
0 T T T 1

0 200 400 600 800

Concentration (ug/mL)

Fig. 3. The cell proliferation inhibition in htc-116 cell line treated with
4-MEI for 24 h treatment periods.
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Fig. 4. The cell proliferation inhibition in htc-116 cell line treated with
4-MEI for 48 h treatment periods.
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Tab. 1. MTT assay of the 4-MEI in htc-116 cell line.

Treatment M 1
Test Substance Time Conc. (Oe/a)n iv esl;e
(hours) (pg/ml) °
Control 24 - 0+3.82 b3
Positive control
(NaOCl) 24 500 95.12+0.249 a3
300 2.2+0.249
450 4.73+£6.13 b3
4-MEI H 600 6.43+6.88b3
750 11.29+3.249 al b3
Control 48 - 0+3.61
Positive control
+
(NaOCl) 48 500 96.073+0.241
300 16.43+4.74 a2 b3
450 20.75+2.30 a3 b3
4-MEI 48 600 41.73£2.02a3 b3
750 53.74+7.45a3 b3

Data are expressed as the mean values (+SE) obtained from 8 repeat; (n==8).
A significant from untreated control; albl: p<0.05; a2b2: p<0.01; a3b3: p<0.001

116 cells, 11: 2: Positive Control (NaOCI): htc-116 cells treated
with 500 pug/ml of NaOCI (Fig. 2).

Statistical analysis

Data were presented as the means + SD. Statistical analysis
was performed using Student’s t-test. In this research, statistical
tests were performed using Minitab software (Norizadeh Tazeh-
kand and Topaktas, 2015).

Result and discussion

In order to do MTT assay, the cells were treated with differ-
ent concentrations of the 4-MEI (300, 450, 600 and 750 pg/ml)
and incubated for 24 and 48 hours (Figs 3 and 4). After that, cell
concentration was assayed by spectrophotometer (OD,, ) and
subjected to calculation of relative cell concentration. The antip-
roliferative effect of 4-MEI on htc-116 cell line is shown in Table
1. In this study, 4-MEI at the highest concentration of 24 h and
at all concentration for 48 h treatment time significantly inhibited
cell proliferation, when it was compared to the control. In this
study, treatment of htc-116 cell line by 4-MEI for 24 h showed a
decreased cell proliferation up to 2.2 %, 4.73 %, 6.43 % and 11.29
% by concentration of 300 ng/ml, 450 pg/ml, 600 pg/ml and 750
pg/ml respectively. Also, for 48 hour exhibited 16.43 %, 20.75 %,
41.73 % and 53.74 % by concentrations of 300 pg/ml, 450 pg/
ml, 600 pg/ml and 750 pg/ml respectively. In the positive control
group that was treated with NaOCl, the decrement was 95.12 %.
Also, exposing to the 4-MEI for 48 hours led to a decrease in cells
proliferation by concentration dependent manner.

Discussion
According to our knowledge, this is the first study that address-

es the anticancer potential of 4-MEI in htc-116 cell line. In this re-
search, the MTT assay was carried out to measure the cytotoxicity.

The assay showed that 4-MEI at highest concentration of 24h
and at all concentration for 48 h treatment time significantly inhib-
ited cell proliferation of htc-116 cell line. The result of this study
showed that 4-MEI has anticancer effect on cells.

Rayes et al (2008) showed that cola had anti-bacterial effect
on Bifidobacterium bifidum and Lactobacillus acidophilus. Also,
it had cytotoxic effect on Mouse testis cells. Cola drinks may
contain more than 100ug of this compound per 12-ounce serv-
ing (Jacobson and Michael, 2011). Murray (20110 in his paper
from National Toxicology Program (NTP) reported that 4-MEI
had anticancer effect on fibroadenoma. In the paper published
by Takemoto (2002) it was written that the 4-MEI has antibacte-
rial and antifungal effect because it made the bacterial and fungal
plasma membrane to be permeable, which causes the cell death.
Similarly, Liver hypertrophy in mice following intraperitoneal
administration of 4-methylimidazole has been reported by Hidaka
et al (1976). In hypertrophy, the cell volume is increased because
of the absorbance of more food or water.

This result showed that 4-MEI has anticancer effect in htc-116
cells. However, it must be evaluated with different new studies.
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