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Food additives: Sodium benzoate, potassium sorbate,
azorubine, and tartrazine modify the expression of
NFkB, GADD45a, and MAPKS genes
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It has been reported that some of the food additives may cause sensitization, inflammation of tissues, and potentially
risk factors in the development of several chronic diseases. Thus, we hypothesized that expressions of common
inflammatory molecules — known to be involved in the development of various inflammatory conditions and
cancers — are affected by these food additives. We investigated the effects of commonly used food preservatives and
artificial food colorants based on the expressions of NFkB, GADD45«, and MAPK8 (JNK1) from the tissues of liver.
RNA was isolated based on Trizol protocol and the activation levels were compared between the treated and the
control groups. Tartrazine alone could elicit effects on the expressions of NFkB (p = 0.013) and MAPKS (p = 0.022).
Azorubine also resulted in apoptosis according to MAPKS expression (p = 0.009). Preservatives were anti-apoptotic
in high dose. Sodium benzoate (from low to high doses) dose-dependently silenced MAPKS expression (p = 0.004 to
p =0.002). Addition of the two preservatives together elicited significantly greater expression of MAPKS at half-fold
dose (p=0.002) and at fivefold dose (»p =0.008). This study suggests that some of the food preservatives and
colorants can contribute to the activation of inflammatory pathways.
Keywords: food additives, gene expression, inflammation, apoptosis, cancer

Introduction

Since the middle of the 20th century, the use of food additives became widespread and
increasing in each food groups. Both producers and consumers have higher expectations for
various food products, which also promote the use of food additives to improve their
consistency, taste, appealing, color, and longer shelf life. It follows that most producers
involved in food industry are using food additives to achieve the desired organoleptic
characteristics of each product (16). Unfortunately, however these additives may have
adverse health effects as recent studies demonstrated such side effects (13, 14).

For example, azorubine and tartrazine artificial colorants are still on the market,
although there are reports showing that they may cause attention deficit and hyperactivity
disorder in children and teenagers (3, 9). In addition, Amin et al. (1) detected altered kidney
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and liver function and oxidative stress biomarkers after tartrazine and azorubine intake in
male rats. According to their data, in the treated group alanine aminotransferase, aspartate
aminotransferase, total protein, and albumin levels were significantly increased in compari-
son to the control group, especially at tenfold concentration exposure. Also, in liver
homogenates, level of glutathione, superoxide dismutase, and catalase decreased, whereas
malondialdehyde level increased at tartrazine and azorubine, thus they likely induce oxidative
stress (1, 28).

Increased tissue concentrations of enzymes involved in the oxidative mechanisms
indicate that these food colorants may intervene in the multi-step process of inflammation
and carcinogenesis. Investigating DNA damage, Poul et al. (21) did not find significant
increase in the number of micronuclei even at high dose of tartrazine in mice. Notwith-
standing, tartrazine and azorubine increased the mRNA level of CYP1Al, which are
involved in the metabolic activation of certain procarcinogenic substances in the liver of
mice (21).

Preservatives protect food from spoiling and also increase shelf life. Among the
preservatives, sodium benzoate and potassium sorbate are the most frequently used pre-
servatives in foods. They can burden the liver, cause sensitization, and affect children’s
behavior (4). Clastogenic, mutagenic, and cytotoxic effects of the mentioned preservatives
are proven in vitro on human lymphocytes and they may cause cancer (17, 25, 29).

Genes that are involved in carcinogenic processes, as early biomarkers of toxic and
carcinogenic effect, would provide a better understanding of the underlying factors,
regulatory pathways, and potential influencing effect on other factors (e.g., diseases,
inflammations, etc.).

Nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB) is a transcription
factor, which can be activated by Toll-like receptors, Tumor Necrosis Factor alpha receptor,
tyrosine kinase receptor, and adhesion receptors that mainly promotes cell survival and
proliferation (5). It can be activated by many physical and biological interventions
(e.g., irradiation, lymphotoxins, and free radicals, inter alia) and possess a wide range of
receptor connections. NFkB stimulates the transcription of the anti-apoptotic processes that
are necessary for the survival and proliferation of the cells (11). Growth arrest and DNA
damage-inducible 45 alpha (GADD45) is activated by oxidative stress and inhibition of
NF«B stabilizes GADD45a mRNA (30). Further GADD45a mRNA accumulation is seen in
response to genotoxic stress (20). Functionally, it stimulates DNA repair, apoptosis, and
inhibits cells to enter S phase (24).

Another important molecule is mitogen-activated protein kinase 8 (MAPKS), which
belongs to the family of c-Jun N-terminal kinases (JNKs). Formerly, its name was JNKI1.
This kinase is activated by different cell stimulations, and connects to immediate early gene
expression in response to stimulus and environmental stress (2, 15, 19). We have selected
MAPKS activity because it is a specific and sensitive marker for the inflammatory pathways
that we investigated (26). Resulting enhanced apoptosis, GADD45 genes has an activating
effect on MAPKS8 genes (27). Based on the above changes in the expressions of NFxB,
GADD45a, and MAPKS, genes can be biomarkers of proliferative and/or anti-proliferative
events.

Thus, in this study, we hypothesized that expressions of key genes in cell proliferation,
apoptosis, and inflammation are affected by these food additives. In order to test this
hypothesis, we examined the changes in the expression of NFkB, GADD45a, and
MAPKS8 genes on mRNA level in the liver of mice groups fed with tartrazine, azorubine,
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sodium benzoate, and potassium sorbate to assess the proliferative and apoptotic impacts of
these food additives.

Materials and Methods

Substance tested and their characteristics

Tartrazine (Sigma-Aldrich, Hungary) is a yellow color substance known as E102 or FD&C
Yellow 5, which mostly consists of trisodium-1-(4-sulfonatophenyl)-4-(4-sulfonatophenylazo)-
5-pyrazolone-3-carboxylate and a few by-colors (8). The calculated maximum daily exposure
of tartrazine is 8.1 mg/kg bw/day for adults and 13.1 mg/kg bw/day for a typical 3-year-old
child (9). The acceptable daily intake (ADI) is 7.5 mg/kg bw/day.

Azorubine (Medimpex, Hungary) is a red color substance known as Carmoisine, E122 or
Food Red 3 Azorubin S, Brillant Carmoisine O, Acid Red 14, or C.I. 14720. Azorubine
consists of essentially disodium-4-hydroxy-3-(4-sulfonato-1-naphthyl)-naphthalene-1-sulfonate.
Usually, sodium salt of azorubine is used. Calcium and potassium salts of azorubine are also
applied as a food coloring (7, 8).

The ADI is 4 mg/kg bw/day (8). Sodium benzoate (E211; Unik, Hungary) is the
sodium salt of benzoic acid. The benzoic acid is an organic acid, which can be found in
blueberries and other fruits; also in honey, yogurt, sour milk, and cheese (12). It is widely
used as a preservative in the food, cosmetics, and pharmaceutical industries. Its ADI is
5 mg/kg bw/day (8).

The ADI of potassium sorbate (Sigma-Aldrich, Hungary) is 25 mg/kg bw/day (8, 12).
The human equivalent doses were calculated for mice consuming 2 g of standard rodent feed
daily and 12.3 was the conversion rate (22).

Animals used and treatments

The study was conducted on CD1 male and female mice (n = 6/group; three females, three
males) (6-8 weeks old, weighing 30-40 g). The animals were obtained from Experimental
Department, where they were housed in standard polycarbonate cages (330 X 160 X 137 mm),
bedded with shavings under laboratory conditions (20—22 °C, humidity 40—60%, 12-h light/
dark photoperiod) and fed with standard rodent pellet (CRLT/n standard rodent pellet,
Szindbad Kft., G6dolls, Hungary) and water was provided ad libitum. The control group
received regular rodent chow. For the treated groups, azorubine, tartrazine, sodium benzoate,
and potassium sorbate were added to the regular chow. During the 42-day-long period, the
animals were fed with different equivalent of human doses of these additives, administering
alone or together to the chow (Table I). These represent a normal dose (onefold) and super-
doses (fivefold and tenfold) of the additives. We relied on the manufacturer data regarding the
composition of chow. The animals received similar amount of chow, which were consumed
daily. The animal experiment was reviewed and approved by the local authorities (Committee
on Research of the University of Pécs, permit number: BA02/2000-5/2015), and according to
Hungarian animal protection laws in accordance with EU guidelines.

Sample collections and gene expression analysis

After the treatment period, samples were taken from the liver during autopsy after cervical
dislocation. Based on Trizol protocol, we isolated RNA from the tissue (6). The gene
expression (NF B, GADD45a, and MAPKS) was determined with quantitative RT-PCR
using SYBR Green protocol and ROSCHE Light Cycler 480 instrument. We designed the
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Table I. Name and doses of colorants and preservatives

Colorants Preservatives

Material Dose Material Dose

Tartrazine 92.5 mg/kg bw* Sodium benzoate 30.8 mg/kg bw*

Tartrazine 925 mg/kg bw® Sodium benzoate 308 mg/kg bw"

Azorubine [ 49.3 mg/kg bw* Potassium sorbate 154 mg/kg bw®

Azorubine 493 mg/kg bw® Potassium sorbate 1,540 mg/kg bw*

Tartrazine + | 92.5 mg/kg bw +49.3 mg/kg bw | Sodium benzoate + 30.8 mg/kg bw + 154 mg/kg bw
azorubine Potassium sorbate

Tartrazine + | 925 mg/kg bw + 493 mg/kg bw | Sodium benzoate + 308 mg/kg bw + 1540 mg/kg bw
azorubine Potassium sorbate

0Onefold human ADI equivalent dose in regular rodent feed; ®Tenfold human ADI equivalent dose in regular rodent
feed; “Half-fold human ADI equivalent dose in regular rodent feed; “Fivefold human ADI equivalent dose in regular
rodent feed

primers with Primer Express™ software (Applied Biosystems, Waltham, MA, USA).
Forward and reverse primers were 5’AGTTGAGGGGACTTTCCCAGGC3’, 5'GCCTGG
GAAAGTCCC CTCAACT3’ (NF B); 5GTGCTCAGCAAGGCTCGGA3’, 5’GCTGCTCA
ACGTAGACCCC3" (GADD45wa); S'GTTGCTCATAAACACAAACCTCC3’, 5'GGGA
TGGGT TATGTTTTCTAGAC3’ (MAPKS); 5’ AGGGCATATCCAACAACAAACTT3/,
5'GTTAAGCAGTAC AGCCCCAAA3’ (hypoxanthine-guanine phosphoribosyltransferase 1,
HPRT1). Then, we determined the relative gene expression with “comparative CT method”
(AACt method, Applied Biosystems) compared to HPRTI.

Statistical analysis

Comparing the groups, we used ANOVA test followed by post-hoc analyzes. The level of
statistical significance was determined at p > 0.05 with a 95% confidence interval. Statistical
analyses were performed using SPSS 22 software package.

Results

Expression pattern of NFkB
In respect of the food dyes, NFxB showed significantly elevated expression compared to the
control group at tenfold tartrazine (p = 0.013) and combined onefold dose of azorubine and
tartrazine (p =0.014). Data are shown in Fig. 1.

Sodium benzoate solely decreased NFkB expression at half-fold dose (p=0.041).
Sodium benzoate and potassium sorbate together rose NFxB at half-fold dose (p =0.006)

(Fig. 2).

Expression pattern of GADD45a
The artificial colorants investigated did not significantly modify the GADD45a expression

(Fig. 3).
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azorubine 1x azorubine 10x tartrazine 1x tartrazine 10x tartr.+azorub. tartr.+azorub.
1x 10x

Fig. 1. Normalized expressions of NFkB (to HPRT1) in control animals ([]) and after feeding the animals with food
colorants (m). Data are mean + SD (n = 36). Asterisks indicate the statistical compared to the control group (p < 0.05)

I R R N

sod. benz. 0.5x sod. benz. 5x pot. sorb.0.5x pot. sorb.5x sod. benz.+ sod. benz. +
pot. sorb. 0.5x pot. sorb. 5x

Fig. 2. Normalized expressions of NFkB (to HPRT1) in control animals ([]) and after feeding the animals with
preservatives (m). Data are mean = SD (n = 36). Asterisk indicates the statistical significance compared to the control
group (p < 0.05)

While sodium benzoate (p=0.034) and potassium sorbate (p=0.013) decreased
GADD45a expression separately at half-fold dose; and at fivefold dose, potassium sorbate
increased GADD45a expression (p = 0.019). Together, these substances raised GADD45a
both at half-fold (p = 0.034) (Fig. 4).
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azorubine 1x azorubine 10x tartrazine 1x tartrazine 10x tartr.+azorub. tartr.+azorub.
1x 10x

Fig. 3. Normalized expressions of GADD45« (to HPRT1) in control animals ([]) and after feeding the animals with
food colorants (m). Data are mean =+ SD (n=36)

sod. benz. 0.5x sod. benz. 5x pot. sorb.0.5x pot. sorb.5x sod. benz.+ sod. benz.+
pot. sorb. 0.5x pot. sorb. 5x

Fig. 4. Normalized expressions of GADD45a (to HPRT1) in control animals ([]) and after feeding the animals with
preservatives (m). Data are mean + SD (n = 36). Asterisks indicate the statistical significance compared to the control
group (p < 0.05)

Expression pattern of MAPK8

We found a significant rise of MAPKS8 expression at onefold dose (p = 0.009) and at tenfold
dose (p = 0.028) in azorubine-treated groups when compared to the control group. Tartrazine
also increased the expression of MAPKS8 at onefold dose (p =0.022) (Fig. 5).
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azorubine 1x azorubine 10x tartrazine 1x tartrazine 10x tartr.+azorub. tartr.+azorub.
1x 10x

Fig. 5. Normalized expressions of MAPK8 (to HPRT1) in control animals ([]) and after feeding the animals with
food colorants (m). Data are mean =+ SD (n = 36). Asterisks indicate the statistical significance compared to the control
group (p < 0.05)

sod. benz. 0.5x sod. benz. 5x pot. sorb.0.5x pot. sorb.5x sod. benz.+ sod. benz. +
pot. sorb. 0.5x pot. sorb. 5x

Fig. 6. Normalized expressions of MAPKS8 (to HPRT1) in control animals ([J) and after feeding the animals with
preservatives (m). Data are mean + SD (n = 36). Asterisks indicate the statistical significance compared to the control
group (p < 0.05)

Sodium benzoate dose-dependently silenced MAPKS8 at half-dose (p=0.004)
and at fivefold dose (p =0.002). Applying the two preservatives together at half-fold
dose (p =0.002) and at fivefold dose (p =0.008), there was transcriptional activation of
MAPKS (Fig. 6).
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Discussion

The salient findings of this study are: (1) the level of NFkB and MAPKS8 (compared with the
control group) significantly increased in response to the higher doses of food additives, (2) the
level of GADD45a did not change in response to artificial food colorants, (3) the level of
GADD45a significantly increased in response to preservative doses, and (4) the increased
sodium benzoate feeding dose-dependently silenced the expressions of MAPKS.

Apoptosis and food additives

In a previous study, Gao et al. (10) reported increased apoptotic characteristics of brain tissue
of rats treated with 500 mg/kg/bw tartrazine. The findings of this study suggest a more
complex phenomenon, namely — based on the NFkB and MAPKS expressions — tartrazine
alone could contribute to apoptotic effects at low concentration and to anti-apoptotic effects at
high concentration. In the present experiments, the doses were 41.2 and 412 mg/kg/bw
translated to rat equivalent (10).

It follows that apoptotic feature of tartrazine is confirmed in liver at lower concentration
in mice, but at high concentration we found rather an anti-apoptotic effect. Based on our
results and responses of brain and liver to tartrazine (23), it would be important to conduct
further experiments to assess whether tartrazine may contribute to apoptotic or anti-apoptotic
effects in human organs and to map the dose-efficacy pattern as well (e.g., using in vitro cell
cultures, etc.).

Although azorubine, utilized alone, increased MAPKS expression at remarkably low
and high concentrations, the expression of the other two genes did not change. Thus,
azorubine elicited a weaker apoptotic stimulus than tartrazine. Addition of a mixture of dyes
showed anti-apoptotic effect at low concentration based on NFkB expression.

Intriguingly, dyes investigated did not significantly modify the GADD45u expres-
sion. Sodium benzoate reduced the expression of all the examined genes at low concen-
tration, but at high concentration anti-apoptotic feature was present based on MAPKS
expression.

Also, it has been observed that sodium benzoate has beneficial effects in schizophrenia,
which could be due to MAPKS activation leading to the down regulation of apoptotic activity
(13). Potassium sorbate was anti-apoptotic at low concentration, but it seemed to activate
apoptotic or cell cycle arrest processes at high concentration based on GADD45x expression
(24). Mamur et al. (17) also described that potassium sorbate may cause cell cycle arrest. It is
of note that combined administration did not yield conclusive findings. However, our results
confirm that colorants and preservatives increase the mitotic index and their application can
be cytotoxic and mutagenic (21, 29). The elevated expression of MAPKS also indicates that
the tested substances can have a significant impact on tumor proliferation and some
transcription factors (18).

Conclusion

On the basis of our findings, we suggest that some of the food additives and colorants can
contribute — in a dose-dependent manner — to the activation of inflammatory pathways
favoring the development of cancers, further emphasizing that it would be preferable to
reduce the human intake of preservatives and artificial dyes.
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