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Abstract

Mast cells play a central role in the genesis and modulation of allergic and infl ammatory 
responses. The general aim of the present work was to study the interaction between mast cells 
and the most common additives approved for use in foods. Dose-response studies about the 
effect of the main food additives (tartrazine, sodium bisulphite and sodium benzoate) on mast cell 
degranulation were carried out. Rat peritoneal mast cells were incubated with: 1) buffer solution 
or 2) stimulus. The stimuli were tartrazine, sodium benzoate, sodium bisulphite and the calcium 
ionophore A23187. A23187 was used as a reference mast cell secretagogue. Different doses and 
combinations of food additives were used. The viability of the mast cells was evaluated with trypan 
blue. In the incubation solutions, the release of β-hexosaminidase was quantifi ed by colorimetric 
reaction and ELISA plate reader. The remaining β-hexosaminidase concentration (not released) 
was studied in the cells after the incubations, and morphology of the mast cells was analyzed 
by light microscopy with toluidine blue stain. The food additives tartrazine, sodium benzoate and 
sodium bisulphite did not stimulate the release of β-hexosaminidase from mast cells at any of the 
concentrations used. In contrast, tartrazine at concentrations of 0.1 μM and 1 μM, and sodium 
benzoate and sodium bisulphite at concentrations of 0.1 μM, 1 μM, 10 μM and 100 μM, signifi cantly 
inhibited the basal release of β-hexosaminidase from mast cells. Considering these fi ndings, we 
decided to determine the effect of these additives on the degranulation of mast cells induced 
by the calcium ionophore A23187. Sodium bisulphite inhibited mast cell activation induced by 
the calcium ionophore A23187 in this experimental model. The present study demonstrates 
that food additives of usual permitted use do not stimulate basal degranulation of mast cells 
in an in vitro model of peritoneal mast cells and that the additive sodium bisulphite inhibit mast 
cell activation induced by intracellular calcium increase. This food additive could represent an 
interesting alternative in the prevention of pathologies mediated by mast cells, as well as in the 
fi eld of nutritional biochemistry.
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Introduction

Mast cells are specialized connective tissue cells that play a central role in the 
genesis and modulation of allergic and inϐlammatory responses [1-4]. 

Considering the allergenic properties described by some authors of the main food 
additives allowed (tartrazine, sodium bisulphite and sodium benzoate) [5-7], our 
working hypothesis suggests that these food additives stimulate degranulation of mast 
cells. 

The general aim of the present work was to study the interaction between mast 
cells and the most common additives approved for use in foods.

Material and Methods
Assayed compounds

The food additives tartrazine, sodium benzoate and sodium bisulphite, as well as 
the calcium ionophore A23187 were purchased from Sigma.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.icci.1001007&domain=pdf&date_stamp=2019-01-17
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Animals

Male Wistar adult rats weighing approximately 300 to 500 g, infection free and 
maintained under a 12-hour dark/light cycle in a temperature-controlled room (24-
25ºC) with free access to drinking water and laboratory food, were used for the 
study. All animal experiments were carried out according to the standards included 
in the Guide for the Care and Use of Laboratory Animals (published by the National 
Academy of Science, National Academy Press, Washington, D.C.), and approved by the 
Institutional Committee for Care and Use of Laboratory Animals (CICUAL, Facultad de 
Ciencias Médicas, Universidad Nacional de Cuyo, Mendoza, Argentina).

Isolation and purifi cation of rat mast cells

Mast cells were obtained by peritoneal lavage with physiological solution and 
puriϐied in a discontinuous gradient of sterile Percoll solution. The purity of the cells 
was evaluated by staining with 1% toluidine blue. For the tests, preparations with purity 
of 95-100% were used. The viability of the mast cells was evaluated with trypan blue.

General protocol

The puriϐied mast cells were incubated with: 1) buffer solution or 2) stimulus. The 
stimuli were tartrazine, sodium benzoate, sodium bisulphite and the calcium ionophore 
A23187. A23187 was used as a reference mast cell secretagogue. Different doses and 
combinations of food additives were used (these doses include those commonly used in 
food and those referred by the literature). The viability of the mast cells was evaluated 
with trypan blue. In the incubation solutions, the release of β-hexosaminidase was 
quantiϐied by colorimetric reaction and ELISA plate reader (the release of this enzyme 
is used as a mast cell degranulation marker). The remaining β-hexosaminidase 
concentration (not released) was studied in the cells after the incubations. Morphology 
of the mast cells was analyzed by light microscopy after experiments.

Quantifi cation of β-hexosaminidase

β-hexosaminidase levels, both in the incubation solutions and in the remaining 
cells, was measured by colorimetric reaction and ELISA plate reader.

Light microscopy with blue toluidine stain

Mast cells were ϐixed in 2% glutaraldehyde. After 2 h in the ϐixative, cell suspensions 
were stained with toluidine blue (0.1% w/v, pH 3.0), placed between slides and 
coverslides, and examined under an Olympus CH-2 microscope. Percentage of mast 
cells exhibiting degranulation was quantitated at a magniϐication of X 400. Mast cell 
activation was deϐined as the presence of extruded granules close to the surface of the 
cell in question or staining of about half or less of the cell with toluidine blue. 

Statistical treatment

The results were analyzed using analysis of variance type 1 (ANOVA-1) followed by 
the Tukey-Kramer test. P <0.05 was considered statistically signiϐicant.

Results

The food additives tartrazine, sodium benzoate and sodium bisulphite did not 
stimulate the release of β-hexosaminidase from mast cells at any of the concentrations 
used (Figures 1-4). In contrast, tartrazine at concentrations of 0.1 μM and 1 μM, and 
sodium benzoate and sodium bisulphite at concentrations of 0.1 μM, 1 μM, 10 μM 
and 100 μM, signiϐicantly inhibited the basal release of β-hexosaminidase from mast 
cells (Figures 1-4). Higher concentrations of the additives did not inhibit this release, 
probably due to cell death.

The inhibitory action of the food additives was not accompanied by changes in 
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Figure 1: Effect of varying concentrations of tartrazine on basal β-hexosaminidase release from peritoneal mast 
cells. Results are expressed as percentage release of β-hexosaminidase. Values are presented as means ± S.E.M. 
**P<0.01 versus basal; ***P<0.001 versus basal.
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Figure 2: Effect of varying concentrations of sodium benzoate on basal β-hexosaminidase release from peritoneal 
mast cells. Results are expressed as percentage release of β-hexosaminidase. Values are presented as means ± 
S.E.M. **P<0.01 versus basal; ***P<0.001 versus basal.
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Figure 3: Effect of varying concentrations of sodium bisulphite on basal β-hexosaminidase release from peritoneal 
mast cells. Results are expressed as percentage release of β-hexosaminidase. Values are presented as means ± 
S.E.M. **P<0.01 versus basal; ***P<0.001 versus basal.
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Figure 4: Effect of different combinations of food additives on basal β-hexosaminidase release from peritoneal 
mast cells. Results are expressed as percentage release of β-hexosaminidase. Values are presented as means ± 
S.E.M. **P<0.01 versus basal; ***P<0.001 versus basal.



Effect of common food additives on mast cell activation 

Published: January 17, 2019 4/5

cell viability. The trypan blue-exclusion test indicated a viability of greater than 80% 
at inhibitory concentrations, and lower than 80% at not inhibitory doses (data not 
shown).

Considering that some of the commonly used food additives (tartrazine, sodium 
benzoate and sodium bisulphite in concentrations of 0.1 μM, 1 μM) did not stimulate but 
inhibited the degranulation of peritoneal mast cells, we decided to determine the effect 
of these additives on the degranulation of mast cells induced by the calcium ionophore 
A23187. Sodium bisulphite (alone and combined with sodium benzoate and/or sodium 
bisulphite) inhibited mast cell activation induced by the calcium ionophore A23187 in 
this experimental model. The results obtained are shown in ϐigure 5.

Our biochemical results about β-hexosaminidase release are consistent with those 
obtained by light and microscopy (Figure 6). 

Discussion and Conclusions

The present study shows that the commonly used food additives (tartrazine, sodium 
benzoate and sodium bisulphite) do not stimulate basal degranulation of mast cells in 
an in vitro model of peritoneal mast cells. By the contrary, these additives inhibit the 
basal release of β-hexosaminidase from mast cells at low concentrations. This means 
that some physiological effects of mast cells could be affected by these food additives.

However, sodium bisulphite inhibits mast cell activation induced by the calcium 
ionophore A23187 in this same experimental model. It is the ϐirst time that a stabilizing 
action at mast cell level has been demonstrated for sodium bisulphite.

The mechanism of the inhibitory action of sodium bisulphite would be related to 
the ability of this compound to react with carbonyl compounds and to inhibit FcεRI 
receptors [8,9]. However, further research is needed to explain the exact molecular 
mechanisms of these actions.

This compound could represent interesting alternative in the treatment and / or 
prevention of pathologies mediated by mast cells, as well as in the ϐield of nutritional 
biochemistry.
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Figure 5: Effect of food additives on mast cell β-hexosaminidase release induced by the calcium ionophore A23187. 
Results are expressed as percentage release of β-hexosaminidase. Values are presented as means ± S.E.M. 
***P<0.001 versus basal; *P<0.05 versus A23187.

A B C

Figure 6: Light-microscopic photographs of peritoneal mast cells (toluidine blue stain). A: basal. The cytoplasm 
is dominated by closely packed secretory granules. B: A23187. Degranulating mast cell may be seen. C: sodium 
bisulphite+A23187. The morphology of bisulphite+A23187-treated cells shows a lower degree of degranulation 
than that of secretagogue samples. X 600.
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