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1 Introduction
Food color is an important factor that influence customers’ 

preferences. However, food process operations can be negatively 
affect the food color. Food dyes are generally added into processed 
food products to enhance the color quality. Compared with 
natural dyes, synthetic food dyes are more preferred in food 
industry. Because synthetic food dyes have high stability to pH, 
oxygen and light. Another advantage of synthetic food dyes can 
be lower production costs and microbiological contamination 
(Downham & Collins, 2000; Gomes et al., 2013; Lok et al., 2011).

Colorful foods especially attract children’s attention. Feingold 
(1976) reported that artificial food dyes affect the nervous system 
involvement. In addition to this, consumption of foods added 
artificial colors may be caused to Hyperkinesis and learning 
disabilities in children. Researchers shown that synthetic food 
dyes developed the hyperactivity in 3 and 8/9 year old children 
(McCann et al., 2007; Arnold et al., 2012).

Erythrosine and phloxine are halogenated xanthene dyes. 
They are often found in the beverages, sweets, confectionery 
and cake decorating materials. Halogenated xanthene dyes were 
known as a photosensitizer and can be electronically induced 
by irradiation when light is at correct wavelength. They are 
caused to production reactive oxygen species (especially singlet 
oxygen). These reactive oxygen species are known to effect 

the photomodification of some molecules in cells, especially 
DNA, lipid and enzymes (Girotti, 2001; Wang  et  al., 2006; 
Epelde‑Elezcano et al., 2016).

Lipid oxidation including photooxidation has an important 
adverse effect on food quality. As photooxidation occurs quicker, 
free radical oxidation increases. Xanthene dyes can be increase 
oxidative damage in food because they are known as strong 
photosensitizer (Kajimoto et al., 1994; Pan et al., 2005a).

Pan et al. (2005b) reported that increase in the total hydroperoxide 
content of a sea product (surumi) with added phloxine and 
erythrosine. Mizutani (2009) also shown that superoxide anions, 
generating on xanthene dyes by light irradiation, were caused to 
inhibition of some metabolic enzymes in human microsomes. 
Another study about xanthene dyes suggests that erythrosine 
may reduce motor activity of male rats (Dalal & Poddar, 2009). 
Abdel Aziz et al. (1997) reported that erythrosine in the used 
doses has a potential toxic effect on spermatogenesis in mice, 
it may affect its reproductive performance.

Studies about phloxine indicated that phloxine has phototoxic 
effect and this can be damaged the cellular membran and DNA. 
These results indicate that consideration is authorized about the 
usage dose of phloxine in food a cosmetic industry (Valenzeno 
& Pooler, 1982; Inbaraj et al., 2005; Qi et al., 2012).
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Objective of this study was to investigate the changes of oxidative stress parameters in Chinese hamster ovary (CHO) cells 
exposed to xanthene food dyes (erythrosine and phloxine), commonly-used azo dyes in the food industry. For this purpose, 
glutathione (GSH) and malondialdehyde (MDA) levels, glutathione peroxidase (GPx) and catalase (CAT) activity measurements 
of CHO cells treated with erythrosin (50 µM) and phloxine (40 µM) were compared with the control group. There was no 
significant difference between MDA levels in CHO cells exposed to both dyes and control group (p > 0.05), however GSH 
levels significantly decreased with dye addition (p ≤ 0.05). An increase in GPx activity of the CHO cells exposed to phloxin 
was observed (p ≤ 0.05). However, there was no change in GPX activity of erythrosin-exposed CHO cells (p > 0.05). In terms of 
CAT activity, difference between the dye-added cells and the control group was not observed. Consequently, decrease in level 
of GSH, which one of major antioxidant components in the cell, suggests that erythrosine and phloxine can have a toxic effect.
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Practical Application: Dyes are a class of food additives which are added to food for providing attractive color. Erythrosine and 
phloxine are halogenated xanthene dyes and they are often found in the beverages, sweets, confectionery and cake decorating 
materials. The main emphasis of this research is to focus on the effect of erythrosine and phloxine from xanthene food dyes on 
oxidative stress in Chinese hamster ovary cells. We believe that this study will provide important contributions to the studies 
related to the use of food dyes.
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In this study, we have investigated the changes of oxidative 
stress parameters in CHO cells exposed to erythrosine and 
phloxine dyes. In accordance with this purpose, levels of GSH 
and MDA, GPx and CAT activity of CHO cells treated with 
erythrosin (50 µM) and phloxine (40 µM) were compared with 
the control group.

2 Materials and methods
Solvents for chromatographic analysis were obtained from 

Fisher Scientific (Fair Lawn, NJ, USA). Other all chemicals were 
supplied from Sigma-Aldrich (St. Louis, MO, USA).

2.1 Preparation of CHO cells

CHO K1 cells were purchased from ATCC. Before the analysis, 
they were grown in a special culture medium. Ten percent fetal 
bovine serum was used as medium supplement. Penicillin and 
streptomycin were combined with medium, 100 U/mL and 
100 μg/mL, respectively. The cells were incubated at 37 °C and 
incubator was adjusted to 95% O2 and 5% CO2.

2.2 Oxidative stress tests

CHO cells (contain ~ 5 x 106 cells per mL, exponentially 
growing) were formed as separate culture. After all-night 
incubation, media was replace with the fresh one which included 
changeable concentration of food dyes. Concentrations of food 
dyes were decided based on study about toxicity of xanthene 
food dyes by inhibition of human drug-metabolizing enzymes 
of by Mizutani (2009). Mizutani (2009) shown that erythrosine 
and phloxine caused specific inhibition of UGT1A6 at 50 µM 
and 40 µM concentrations, respectively. Superoxide anions arise 
from singlet oxygen were effective in this inhibition.

The food colors-exposed groups and control group were 
incubated for 24 h. After incubation time, the culture media 
was separated and cells cleansed. The cells trypsinized, and 
homogenized for further experiments. Generally, results in 
oxidative stress studies are discussed together with minimum 
of three separate experiments. Thus, four separate experiments 
(GSH, MDA levels, GPx and CAT activity) were performed in 
this study.

2.3 Determination of GSH

Reverse phase-HPLC was used for measurement of GSH 
level in the cells according to the previous study by Ridnour et al. 
(1999). The HPLC system properties and experimental procedure 
were mentioned in our previous work (Demirkol et al., 2012).

2.4 Determination of MDA

Determination of MDA levels of cells was carried out with 
HPLC according to method of Draper et al. (1993). One hundred 
μL butylated hydroxytoluene (500 ppm, in methanol), 550 μL 
tricholoroacetic acid (5%, in methanol) and 350 μL cell 
homogenates were added in test tubes. Then test tubes were 
placed in boiling water bath. After thirty minutes, they were 
cooled and centrifuged. Supernatant was obtained and mixed 

with saturated thiobarbituric acid (1:1). The mixture was again 
placed in boiling water bath for 30 min. And then they were 
again cooled. For seperation of phase, the mixture (500  μL) 
and n-butanol (1 mL) were added in new centrifuge tube and 
centrifuged. Before injection to HPLC system (consisting 
of binary pump, injection valve and fluorescence detector) 
(Shimadzu, US), 0.45 μm filters were used. HPLC was equipped 
with a C18 column (100 mm × 4.6 mm i.d.) (Astec, Bellefonte, 
PA). The best separation was achieved by using a mobile phase 
consisting of 69.4% sodium phosphate buffer, 30% acetonitrile, 
and 0.6% tetrahydrofuran. The wavelengts for λex and λem were 
515 and 550 nm, respectively. Malondialdehyde bis (dimethyl 
acetal) was used as a standart for calibration.

2.5 CAT activity measurement

CAT activity measurement was performed with 
spectrophotometer (Aebi, 1984). Experimental details were 
mentioned in our previous work (Demirkol et al., 2012).

2.6 GPx activity measurement

A test kit (OxisResearch) was used for determination of 
GPx activity. This experimental procedure is known as indirect 
measurement of cellular GPx activity. GSSG, which known as the 
oxidized form of GSH, generated with reduction of an organic 
peroxide by GPx enzyme and is recycled to reduced form by 
glutathione reductase (GR). To assay GPx, a cell sample is mixed 
with a solution including NADPH, GSSG and GR. Decline 
in absorbance (for three min and at 340 nm) is denoted that 
oxidation of NADPH to NADP+. In this procedure, tert-butyl 
hydroperoxide is used as the working substrate for initiation 
of enzyme reaction.

2.7 Determination of protein

Protein level determination is performed according to the 
method described by Bradford (1976). Coomassie Blue dye (diluted 
with water, 1:5 (v/v)) and cell homogenate were mixed in a test 
tube, and then absorbance value was spectrophotometrically 
measured at 595 nm wavelength. Bovine serum albumin was 
selected as the standard for calibration.

2.8 Statistical analysis

Analysis results were expressed as mean values with standard 
deviations. The one-way ANOVA and Student–Newman–Keuls 
multiple comparison tests were performed with a significance 
level of p < 0.05.

3 Results
3.1 Introcellular GSH level

HPLC results of GSH level after derivatising samples with 
NPM were expressed as nM GSH per 1 mg of protein. CHO cells 
treated with erythrosine (50 µM) and phloxine (40 µM) were 
compared with the control group (Figure  1). GSH levels for 
erythrosine-exposed and phloxine-exposed CHO cells were 
determined as 52.35 and 16.50 nM GSH/mg, respectively.
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3.2 MDA measurements

In this study, MDA levels in control, erythrosine 
and phloxine exposed CHO cells were determined as 
14.59, 14.90 and 14.18 nm/100 mg protein, respectively. There 
was no significant difference in MDA levels of CHO cells exposed 
to both dyes and control group (p > 0.05) (Figure 2).

3.3 CAT activities

CAT activities of control, erythrosine and phloxine exposed 
CHO cells were found as 0.032, 0.020 and 0,025 U/mg protein, 
respectively. A significant difference was not found in CAT 

activity results, after erythrosine and phloxine were added to 
in CHO cells (p > 0.05) (Figure 3).

3.4 GPx activities

GPx activities of control, erythrosine and phloxine exposed 
CHO cells were determined as 4.733, 3.551 ve 10.964 mU/mg 
protein. There was no statistically significant difference in the 
GPx activities between control group and erythrosine‑treated 
CHO cells (p > 0.05), while GPx activity increased in 
phloxine‑exposed CHO cells compared to control group 
(p < 0.05) (Figure 4).

Figure 1. Effects of Erythrosine (50 μM) and Phloxine (40 μM) on 
the GSH level in CHO cells. Cells were treated with dyes for 24 h. 
Experiments were carried out in triplicate, and the values were expressed 
as mean ± SD. Asterisks indicate the significant difference from the 
control with p < 0.05.

Figure 2. Effects of Erythrosine (50 μM) and Phloxine (40 μM) on 
the levels of MDA in CHO cells. Cells were retreated with dyes for 
24 h. Experiments were carried out in triplicate, and the values were 
expressed as mean ± SD.

Figure 3. Effects of Erythrosine (50 μM) and Phloxine (40 μM) on 
the CAT activity in CHO cells. Cells were retreated with dyes for 
24 h. Experiments were carried out in triplicate, and the values were 
expressed as mean ± SD.

Figure 4. Effects of Erythrosine (50 μM) and Phloxine (40 μM) on 
the GPx activity in CHO cells. Cells were retreated with dyes for 24 h. 
Experiments were performed in triplicate, and the values were expressed 
as mean ± SD. Asterisks indicate the significant difference from the 
control with p < 0.05.
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4 Discussion
In the present study, oxidative stress parameters 

(MDA, GSH, GPx and CAT activity levels) were determined 
in the CHO cells treated with erythrosine and phloxine. HPLC 
results indicated that GSH level significantly decreased with 
addition of erythrosine and phloxine (p<0.05). This result 
suggested that erythrosine and phloxine caused to production 
reactive oxygen species. Xanthene dyes causes the formation of 
variable amount of 1O2 depending on the number of halogen 
substituents, atomic mass of the halogens and the strength of the 
light (Wang et al., 2006). 1O2, which highly reactive molecule, 
tends to generation of peroxide products (Furumiya & Mizutani, 
2008). This causes an increase in oxidative stress. GSH is a low 
molecular weight thiol and very active antioxidant. It acts as a 
substrate against to oxidant products to decrease the oxidative 
stress in the media (Kleinman & Richie, 2000). Therefore, this 
reduction in the amount of GSH is expected result. Qi et al. 
(2014) reported that GSH levels of human acute promyelocytic 
leukemia HL-60 cells exposed with 100 and 200 μM phloxine 
were lower than control group. Mutoh et al. (2005) also stated that 
GSH levels in the phloxine-exposed yeast (Schizosaccharomyces 
pombe) cell decreased.

DNA single strain breaks were detected in erythrosine‑exposed 
HepG2 cells according to results of another study about xanthene 
dyes. It has long been known that increment in oxidative stress 
caused by various causes such as halogenated xanthene dyes 
leads to DNA damage (Chequer et al., 2012, 2017).

In terms of oxidative damage, MDA is known as an indicator 
for lipid peroxidation. In our study, dye concentrations were 
not adequate to effect the MDA levels of cell samples. In other 
respects, it can be deduced that antioxidant defense system can 
overcome oxidative stress caused by dyes and preserve the cells 
from the lipid peroxidation. This is a respected result for oxidative 
stress studies. There is not any researches about investigation of 
effect of xanthene dyes on level of MDA, however Demirkol et al. 
(2012) stated that MDA levels increased when CHO cells were 
treated with tartrazine and new coccin dyes.

CAT, which is used as the parameter for oxidative stress, 
play as a catalyst in the decomposition of hydrogen peroxide to 
molecular oxygen and water (Pan & Du, 2017; Urso & Clarkson, 
2003). In this study, there was no important change in CAT 
activity. This may be caused by the concentration of dyes used. 
Similarly, Neal et al. (1997) observed no change in CAT activity 
with increase in oxidative stress in CHO cells.

GPx is known as an enzyme to catalyze the reduction 
of H2O2 or organic hydroperoxides, using GSH as reductant 
(Maiorino et al., 1995). Although GPx activity were not change 
with adding of erythrosine, a significant reduction in GSH levels 
was observed. This result suggested that GSH may be react with 
ROS non-enzymatically. On the one hand, GSH detoxified ROS, 
on the other hand it was oxidized to GSSG by the reaction 
catalyzed by GPx. In this case, an increase in GPx activity may 
be occur to overcome the increased oxidative stress caused by 
xanthene dyes and decrease the H2O2. However, GSH may be 
depleted with increase of oxidative stress and GPx activity may 
decrease in the media. As a result, non-reduction H2O2 can cause 
damage to the cell. Antioxidant enzyme activities relies on the 
character of oxidant and continuance time.

5 Conclusion
Food xanthene dyes like erythrosine and phloxine can affect 

adversely the health when used in high doses. Because xanthene 
dyes promote ROS formation with increase in the oxidative 
stress and this may result in cell damage. In our study, oxidative 
stress increased in dye-exposed CHO cells. It is required to 
create consumer awareness regarding the harm effects of food 
dyes such as erythrosine and phloxine and note the name and 
concentration of each dye added to food. We believe that studies 
about food dyes will contribute to more extensive assessments 
on the use of food dyes.
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