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ABSTRACT 

 

Some food additives commonly used by hu-

mans have been recently proved to be mutagenic. 

It is of significant importance to evaluate their gen-

otoxic effects, since they are frequently consumed 

by humans in their daily meals. In this study, we 

investigated the effects of monosodium glutamate 

(MSG), sodium benzoate (SB) and saffron on hu-

man cell lines; lung cancer (A549), breast cancer 

(MCF7), colon cancer (Caco-3) and normal lung 

(Wi38) cell line as control. Cytotoxicity of food addi-

tives was screened on multiple cell lines and ex-

amined by NR assay (Neutral Red assay). The 

present study focused on the cytotoxic activity of 

the food additives and its possible underlying 

mechanisms. The results showed that food addi-

tives; MSG, SB and saffron induced profound cyto-

toxicity in cancer cells of human colon cancer (Ca-

co-3) (IC50 = 33.92, 15.01, 3.98 μg/ml), human 

breast cancer (MCF7) (IC50 = 12.79, 0.378, 10.73 

μg/ml), human lung cancer cell line (A549) (IC50 = 

27.37, 0.45, 2.46 μg/ml), respectively. Moreover, 

food additives exhibited cytotoxic activity on nor-

mal lung cell lines (Wi38) (IC50 = 4.25, 0.733, 

18.14 μg/ml). These data indicated that food addi-

tives decreased cell viability in malignant and non-

malignant cells as well as confirmed the occur-

rence of their cytotoxic effects. 

 

Keywords: Monosodium glutamate; saffron, sodi-

um benzoate, breast cancer, colon cancer, lung 

cancer, neutral red assay. 

 

INTRODUCTION 

 

Any substance added to food is apt to change 

any of its attributes from the beginning of the pro-

duction phase and ending to the consumer, it is 

added in order to improve preservation or sensory 

qualities or reduction of exposing consumers to 

poisoning and other health hazards (Cann et al 

2007).  

Monosodium glutamate (MSG) is widely used 

as flavoring agent in the whole world. It is added to 

the food either as a purified monosodium salt or as 

a component of a mixture of amino acids and small 

peptides resulting from the acid or enzymatic hy-

drolysis of proteins (Schwartz, 2004). When it is 

added to food in relatively small quantities, the 

palatability of this food increases (Vindini et al 

2010). Substantial evidence indicated that the sen-

sory basis for this effect is due to MSG stimulation 

of the taste buds (Garattini, 2000). Some investi-

gations aimed at determining the effect of MSG on 

body organs, showed that it inflicted DNA damage 

at all concentrations in isolated human lympho-

cytes after 1h in vitro exposure. It was demonstrat-

ed that MSG is genotoxic to the human peripheral 

blood lymphocytes (Ataseven et al 2016). Osfor  

et al (1997) indicated that kidney, liver, brain, and 

heart weight significantly increased  in rats treated 

with MSG. MSG in high doses produced neuroen-

docrine abnormalities and neuronal degeneration 

(Moreno, 2005), and oxidative damage in different 

organs (Farmobi and Onyema, 2006; Pavlovic et 

al 2007). Furthermore, glutamate in high concen-
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trations, particularly in postnatal period, could act 

as a neurotoxin (excitotoxin) (Eweka et al 2011). 

Although sodium benzoate (SB) is accepted as 

a safe substance, but short-term exposure can 

cause irritation of eyes, skin and respiratory tract, 

yet prolonged or repeated contact may cause high 

skin sensitization (Schossler et al 2004). Using 

high doses could cause the release of histamine 

and prostaglandin, ulcers and gastric mucus secre-

tion changes (Shahmohammadi et al 2016). The 

genotoxic potential of sodium benzoate associated 

with chromosomal aberration, sister chromatid 

exchanges and cell cycle proliferation index analy-

sis in the cultured human peripheral lymphocytes. 

In vitro genotoxicity tests detected that it can in-

duce genetic damage, directly or indirectly, by dif-

ferent mechanism. All substances could be con-

sidered as markers of early biological effects of 

carcinogenic exposure (Patel and Ramani, 2017).   

Saffron from (Crocus sativus L.) is considered 

as the most expensive traditional spice, was 

demonstrated to affect pancreatic cancer cell line 

which was highly sensitive to crocin-mediated 

growth inhibition and apoptotic cell death. Although 

the molecular mechanisms of crocin action were 

not yet clearly understood, it appears to have po-

tential as a therapeutic agent (Jemal et al 2009). 

Although, many studies have investigated the ef-

fect of saffron and its active constituents in the 

prevention and treatment of cancer, so far, the 

exact mechanism of action has not been cleared 

yet on anticancer and toxic effects of saffron and 

its constituents as a chemo-preventive herb and its 

mechanisms of action was reported (Milajerdi et al 

2016). Saffron could induce apoptosis in MCF-7 

cells in which it was dependent on caspase activa-

tion. It has been suggested that saffron could 

cause MCF-7 cell death, in which apoptosis or 

programmed cell death plays an important role. 

Saffron could be also considered as a promising 

chemotherapeutic agent in breast cancer treatment 

(Mousavi et al 2009). 

The NR assay is based on the integration of 

the supravital dye inside the lysosomes of viable 

cells. If toxic agents injure the lysosomal mem-

brane, damaged or dead cell cannot keep the dye. 

After NR dye has been extracted from lysosome, it 

is quantified spectrophotometrically (Fotakis and 

Timbrell, 2006). 

The objective of this study was to assess the 

potential cytotoxic and apoptotic effects of com-

mon food additives on human cell growth. 

 

 

MATERIALS AND METHODS 
 

1. Materials 

 

1.1. Human cell lines and cultures 

 

Four different types of human cell lines were 

used; namely, cancerous colon carcinoma (Caco-

3), breast carcinoma (MCF7), lung carcinoma 

(A549) and normal lung cell line (Wi38) which was 

used as the control [obtained from the American 

Type Culture Collection (ATCC), Manassas, Virgin-

ia, USA]. The plates with human cell lines were 

incubated at 37°C in 5% CO2 for 24 hours to ob-

tain monolayer confluence. 

 

1.2. Food additives 
 

Three different types of food additives (MSG, 

SB and saffron) were used in this study [obtained 

from Sigma Chemical Company, St. Louis, USA]. 

 

2. Methods 

 

In vitro cytotoxicity by neutral red assay (NR 

assay) 

 

In vitro neutral red cytotoxicity assay based on 

the initial protocol described by Fotakis and Tim-

brell (2006) was carried out. Culture media con-

taining three different concentrations of MSG at 

0.25, 0.5 and 1 mg/ml were used. SB; with three 

different concentrations at 0.02, 0.05 and 0.1 

mg/ml, and saffron  with three different concentra-

tions at 0.5, 1 and 1.5 mg/ml were added in tripli-

cates. Medium without chemical compounds as 

untreated control was used also. The dye-medium 

with doxorubicin was removed and the plates were 

washed with formol-calcium (10 ml of 40% formal-

dehyde, 10 ml of 10% anhydrous calcium chloride, 

and 80 ml water). Five hundred 500 µl of acetic 

acid-ethanol (one ml glacial acetic acid in 100 ml 

50% ethanol) was added and the plates were kept 

for 15 min at room temperature to extract the dye. 

Plates were then shaked for a few seconds, so a 

complete dissolution was achieved. The absorb-

ance of the extracted dye was measured by spec-

trophotometric reading (spectra max 190-Molecular 

devices) with 540 nm filter. The mean of three 

measurements for each concentration was deter-

mined (n=6). The viability % was estimated for 

having the concentration of the test chemical re-

flecting half the maximum concentration of cell 

proliferation (IC50).  
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Cytotoxicity of food additives was screened on 

multiple cell lines and examined by NR assay 

(Neutral red assay). In this study, IC50 (inhibited 

50% cell growth) levels were measured for doxo-

rubicin against food additives as shown. Doxorubi-

cin was used as a positive control, which is known 

to exhibit cytotoxic activity against human cancer 

cell. This study detects the possible effects of the 

three common food additives MSG, SB and saffron 

on some human cancer cells. 

 

RESULTS AND DISCUSSION 

 

1. In vitro assay for cytotoxic activity on human 

cancer and normal cell lines (neutral red assay) 

 

1.1. The effect of monosodium glutamate on 

the viability percentages of four cell lines. 

     

In the present study, IC50 levels were meas-

ured for doxorubicin which was used as a positive 

control against each food additives. The results 

showed that MSG induced profound cytotoxicity in 

some cancer cells (Table 1), i.e., human colon 

cancer (Caco-3) (IC50 = 33.92μg/ml), human 

breast cancer (MCF7) (IC50 = 12.79μg/ml), human 

lung cancer cell line (A549) (IC50 = 27.37μg/ml),. 

Moreover, food additives exhibited cytotoxic activi-

ty on normal lung cell lines (Wi38) (IC50 = 

4.25μg/ml) (Fig. 1). These data indicated that MSG 

decreased cell viability in malignant and non-

malignant cells as well as confirmed the occur-

rence of cytotoxic effect.  

 
Table 1. The effect of MSG on the viability per-

centages of the four cell lines. 
 

Concentra-
tion (μg/ml) 

Viability of  Cell line by MSG 

Caco-3 MCF7 A549 Wi38 

0.25 100 85.7 60.7 96.7 
0.5 97.8 81.8 59.8 81.7 
1 98.5 74.8 50.5 80 

IC50 33.92 12.79 27.37 4.25 

 

 
1.a. Caco-3 and MCF7 

 

 
1.b. A549 and Wi38 

 
Fig. (1 a, b). Dose-dependent growth inhibition by the doxorubicin as a positive control against MSG. Non-

malignant human lung cells (Wi38) and malignant human cells (Caco-3, MCF7, A549 cells). Viability were 
quantified by NR assay. Results are mean ± (n = 3). *p < 0.05 to α compared with the control. 
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This toxicity was consistent with morphologic 

changes including reduction in cells of four cell 

lines (Caco-3, MCF7, A549 and Wi38), no morpho-

logical changes were shown in Wi38 cells (Fig. 2). 

Investigations aimed at determining the effect of 

MSG on body organs, revealed the occurrence of 

DNA damage at all concentrations in isolated hu-

man lymphocytes after 1h in vitro exposure. It was 

demonstrated that MSG was genotoxic to the hu-

man peripheral blood lymphocytes in vitro, 

(Ataseven et al 2016). Osfor  et al (1997) indicat-

ed that kidney, liver, brain, and heart weight were 

significantly increased  in rats treated with MSG. 

Glutamate in high doses and produced neuro en-

docrine abnormalities and neuronal degeneration 

(Moreno et al 2005), and oxidative damage in 

different organs (Farmobi & Onyema, 2006 and 

Pavlovic et al 2007). Furthermore, glutamate in 

high concentrations, especially at postnatal period, 

could act as a neurotoxin (excitotoxin) (Eweka et 

al 2011). 

 

 

 
Fig. 2. MSG induces morphologic changes and affects the viability of cultures (CaCo-3, MCF7, A549 and 

Wi38) cells. Negative control and positive control of all concentrations, 0.25 µg/ml, 0.5 µg/ml, l µg/ml. Cells 

were incubated with MSG for 48 h. 

 

1.2. The effect of SB on the viability percent-

ages of four human cell lines  

 

The results showed that SB induced marked 

cytotoxicity in some cancer cells (Table 2), i.e., 

human colon cancer (Caco-3) (IC50 = 15.01μg/ml), 

human breast cancer (MCF7) (IC50 = 0.378μg/ml), 

human lung cancer cell line (A549) (IC50 = 0.45 

μg/ml). Moreover, food additives exhibited cytotox-

ic activity on both cancer and normal lung cell lines 

(Wi38) which IC50 = 0.733μg/ml showed (Fig. 3). 

These data indicated that SB decreased cell viabil-

ity in malignant and non-malignant cells as well 

and confirmed the occurrence of cytotoxic effect. 

This toxicity was consistent with morphologic 

changes including reduction in the four cell lines 

(Caco-3, MCF7, A549 and Wi38) volume while 

rounding and no morphological changes were ob-

served in Wi38 cells (Fig. 4).  
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3.a. Caco-3 and MCF7 

 

 
 
3.b. A549 and Wi38 

 
 Fig. 3 a,b: Dose-dependent growth inhibition by the doxorubicin as a positive control against SB. 

Non-malignant human lung cells (Wi38) and malignant human cells (Caco-3, MCF7 and A549). Via-
bility were quantified by NR assay. Results are mean ± (n = 3). *p < 0.05 to be compared to the con-
trol. 

 

 
 

Fig. 4. SB induces morphologic changes and affects the viability of cultures (CaCo-3, MCF7, 

A549 and Wi38) cells. Negative control and positive control of all concentrations, 0.5 µg/ml, 1 

µg/ml, 1.5 µg/ml. Cells were incubated with SB for 48 h. 
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Table 2. The effect of sodium benzoate on the 

viability percentages of the four cell lines. 

 

Concentration 

(μg/ml) 

Viability of  Cell line by SB 

Caco-

3 

MCF7 A549 Wi38 

0.05 100 71 67.4 100 

0.1 100 64 63.4 95.9 

0.2 93 55.4 60.8 90 

IC50 15.01 0.38 0.45 0.73 

 

 

Although sodium benzoate is accepted as a 

safe substance, but short-term exposure can 

cause irritation of eyes, skin and respiratory tract, 

yet prolonged or repeated contact may cause high 

skin sensitization (Schossler et al 2004). Using 

high doses cause release of histamine and prosta-

glandin, ulcers and gastric mucus secretion 

changes (Shahmohammadi et al 2016). The gen-

otoxic potential of sodium benzoate was associat-

ed with chromosomal aberration, sister chromatid 

exchanges, and cell cycle proliferation index anal-

ysis in the cultured human peripheral lymphocytes. 

In vitro genotoxicity tests detected that it can in-

duce genetic damage, directly or indirectly, by dif-

ferent mechanisms. In general, SB could be con-

sidered as marker of early biological effects of car-

cinogenic exposure (Patel and Ramani, 2017). 

 

1.3. The effect of saffron on the viability of can-

cer cell lines 

 

The results showed that saffron induced sub-

stantial cytotoxicity in some cancer cells (Table 3), 

i.e., human colon cancer (Caco-3) (IC50 = 

3.984μg/ml), human breast cancer (MCF7) (IC50 = 

10.73μg/ml), human lung cancer cell line (A549) 

(IC50 = 2.457μg/ml). Moreover, food additives ex-

hibited cytotoxic activity on normal lung cell lines 

(Wi38) (IC50 = 18.14μg/ml) (Fig. 5). These data 

indicated that saffron decreased cell viability in 

malignant and non-malignant cells as well and 

confirmed the occurrence of cytotoxic effect. This 

toxicity was consistent with morphologic changes 

including reduction in the four cell lines (Caco-3, 

MCF7, A549 and Wi38) volume and rounding and 

no morphological changes were shown in Wi38 

cells (Fig. 6).  

 

Table 3. The effect of saffron on the viability per-

centages of the four cell lines (Caco-3, MCF7, 

A549 and Wi38) 

 

Concentra-

tion (μg/ml) 

Viability of  Cell line by saffron 

Caco-3 MCF7 A549 Wi38 

0. 5 100 73 50 97.6 

1 91.4 72 35 92 

1.5 88.5 67 9.9 87 

IC50 3.984 10.73 2.457 18.14 

 

 
5.a. Caco-3 and MCF7 

 
5.b. A549 and Wi38 

Fig. (5a,b): Dose-dependent growth inhibition by the doxorubicin as a positive control against saffron. 

Non-malignant human lung cells (Wi38) and malignant human cells (A549, MCF7 and Caco-3). Viability 
were quantified by NR assay. Results are mean ± (n = 3). *p < 0.05 to be compared to the control. 
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Fig. 6. Saffron induces morphologic changes and affects the viability of cultures (Caco-3, MCF7. A549 and 

Wi38) cells. Negative control and positive control of all concentrations, 0.5 µg/ml, 1 µg/ml, 1.5 µ/ml. Cells 
were incubated with saffron for  48 h. 

 

It was demonstrated that pancreatic cancer cell 

line to be highly sensitive to crocin-mediated 

growth inhibition and apoptotic cell death. Although 

the molecular mechanisms of crocin action are not 

yet clearly understood, it appears to have potential 

as a therapeutic agent (Jemal et al 2009). On the 

contrary, many studies have investigated the effect 

of saffron and its active constituents in the preven-

tion and treatment of cancer, so far, the exact 

mechanism of action has not been cleared yet on 

anticancer and toxic effects of saffron and its con-

stituents as a chemo-preventive herb and its 

mechanisms of action (Milajerdi et al 2016). Saf-

fron was reported to induce apoptosis in MCF-7 

cells in which apoptosis was dependent on caspa-

se activation. It has been suggested that saffron 

could cause MCF-7 cell death, in which apoptosis 

or programmed cell death plays an important role. 

Saffron could be also considered as a promising 

chemotherapeutic agent in breast cancer treatment 

(Mousavi et al 2009).   

It is evident from the aforementioned discus-

sion that the studied food additives could inflect 

some serious health hazards if they are added 

haphazardly in foods and preveradges. Therefore, 

strict control of their use in accordance with the 

special regulations set by the Food and Drug Ad-

ministration (FDA) and World Health Organization 

(WHO) to insure their biosafety for human con-

sumption. 
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