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Tartrazine is a yellow-colored synthetic azo dye that is commonly used in food products to provide 
yellow color. The current study evaluated potential side effects of tartrazine on renal and hepatic 
functions. Moreover, the present study demonstrates the genotoxic potential of this food additive on 
bone marrow cells using chromosomal aberrations and micronucleus assays. Four treatment groups of 
four mice each received 20, 50, 100, and 200 mg/kg bw of tartrazine once for 45 days. Tartrazine 
significantly increased levels of hepatic and renal function markers including alanine aminotransferase, 
Aspartate aminotransferase, urea, and creatinine in all treated groups. Additionally, Chromosomal 
aberrations and micronuclei were significantly higher frequent in tartrazine-treated groups than in control 
groups. Thus, the present study indicates that tartrazine causes liver and kidney cell damage in Swiss 
albino mice. In addition, tartrazine causes a possible genotoxic effect.  
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INTRODUCTION 

Synthetic dyes have increased significantly in 
the last two decades in the food industry, due to 
their higher brightness, lower cost, and high 
stability (Nevado et al. 1998). Tartrazine is a dye 
that is often used to make various food products 
such as flavored chips, jams, soft drinks and is 
also found in vitamins, soaps, and 
pharmaceuticals (Bastaki et al. 2017; Himri et al. 
2011). Synthetic dyes such as tartrazine are safe 
when they are used below the acceptable daily 
intake (ADI) limit. The estimated daily intake of 
tartrazine for humans is 7.5 mg/kg bw (JECFA, 
1964). However, if these dyes are consumed in 
large amounts, people, especially children, due to 
their lower body mass compared to adults, may 
be exposed to unacceptable concentrations of 
these synthetic compounds (Dixit et al. 2011). 
Toxicological data have shown that tartrazine 
increased the risk of developing allergies, 
especially drug allergies (Bhatia, 2000). 

Additionally, it was shown that tartrazine causes 
health problems such as asthma, atopic 
dermatitis, angioedema, and urticaria (Elhkim et 
al. 2007). The genotoxic potential of tartrazine 
revealed contradictory reports. Tartrazine was 
found to be negative in the Salmonella 
typhimurium assay and caused no significant 
changes in chromosome aberration inducers in 
mice (Das & Mukherjee, 2004). Several in vivo 
studies were conducted using different doses of 
tartrazine have not demonstrated any cytotoxic 
changes in organs and tissues (Rus et al. 2010). 
In contrast, numerous studies have shown that 
tartrazine induces genotoxicity in human 
lymphocytes, including at the permitted levels 
(Soares et al. 2015). Tartrazine can induced DNA 
damage in mouse gastrointestinal organs (Sasaki 
et al. 2002). Furthermore, Hassan (2010) 
confirmed that a seven-week regular exposure to 
high concentrations (7.5-5 mg/kg bw) of tartrazine 
induces DNA damage in the liver and kidney. An 
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increase of Tartrazine level, in general, was found 
to decrease the amount of DNA and RNA 
(Mahfouz & Al-Shammrani, 2013). Considering 
the contradictory data, this study was conducted 
to assess the possible genotoxic effects of 
tartrazine Using micronucleus (MNT) and 
chromosomal aberration (CAs) test. Furthermore, 
this study was extended to include an assessment 
of the impact of this food colourant on biochemical 
parameters of mice blood. 
  
MATERIALS AND METHODS 

2.1 Chemicals 
All chemicals and reagents, including 

tartrazine,  were obtained from Sigma (St . Louis 
MO). 

2.2. Animals 
Male Swiss albino mice (age 11-13 weeks 

and weight of 22-26 g) were included in this 
experiment. Mice were maintained under standard 
laboratory conditions (22± 0.8 °C temperature, 
36.3 ± 3.3% humidity, 12/12 h light/dark 
photoperiod), and were given standard food and 
water ad libitum. Animal treatment was in line with 
the "Guide for the Care and Use of Laboratory 
Animals of the Institute of Laboratory Animal 
Resources". 

2.3. Doses 
Tartrazine was dissolved in deionized water 

and administered orally to the four groups of mice 
at doses of  20, 50, 100, and 200 mg/kg bw, once 

a day for 45 days. Doxorubicin (16 mg/kg bw) and 

deionized water were used as a positive and 
negative control, respectively. 

2.4. Serum biochemistry 
Biochemical parameters were determined 

using blood samples taken from the vena cava. 
Whole blood was centrifuged at 3000 rpm for 15 
minutes and the serum was collected and frozen 
at -20°C until analysed. Blood Alanine 
Aminotransferase (ALT), Aspartate 
Aminotransferase (AST), urea and creatinine 
parameters were evaluated using "Automated 
Chemical Analyzer 7070 (Hitachi, Japan)". 

2.5 Chromosome aberration assay 
Cytogenetic study of bone marrow cells was 

performed in accordance with previously 
published method (Preston et al. 1987). Two 
hours before sacrifice, animals were injected (IP) 
with colchicine (10 mg/kg bw). The animals were 

euthanised 24 hours after the last treatment due 
to cervical dislocation. Femora were dissected 
and cleaned from soft tissues, and the bone 
marrow was collected in warm KCl (0.075 M, at 
37°C) and incubated at 37°C for 25 min. Bone 
marrow suspension was centrifuged at 2000 rpm 
for 10 min, fixed in acetic acid: methanol, 1:3, v/v. 
Centrifugation and fixation were repeated twice at 
10 min intervals. Cells were resuspended in a 
small volume of fixative, dropped onto chilled 
slides, air-dried and stained with 5% Giemsa 
solution. A minimum of 200 metaphases was 
scored per group. 

2.6 Micronucleus assay 
Micronucleus assay was performed according 

to Schmid's method (1976). Bone marrow cells 
were flushed out from femoral bones and 
centrifuged at 2000 xg for 10 min. The supernatant 
was disposed and the bone marrow cells smear 
was stained by May-Grunwald-Giemsa solution  
(Shahrim et al. 2006). At least 400 cells were 
scored for each treatment on coded slides to 
determine the micronuclei formation.  

2.7 Statistical Analysis 
All the data were presented as the mean ± 

SD. One-way analysis of variance (One-way 
ANOVA) was used for statistical analysis, followed 
by "Tukey multiple comparison tests". Statistical 
analysis was performed using Microsoft ® Excel 
2010 and significance was accepted at P < 0.05. 
 
RESULTS  

3.1. Biochemical results 
The effect of tartrazine on enzymatic activities 

of mice liver and kidney functions is shown in 
Table 1. In all treated groups, there was a 
significant increase in AST and ALT levels in 
comparison to the control group. In addition, urea 
and creatinine level was increased significantly 
with increasing level of tartrazine. 

3.2. Chromosomal aberrations. 
Figure (1) illustrates the CAs induction in bone 

marrow cells as a result of tartrazine treatment. 
Different aberration forms have been found, e.g. 
polyploidy, fragment, Robertsonian centric fusion 
(RCF), chromatid gap, and stickiness.  The mean 
CAs percentages were 5 ± 0.8 %, 7 ± 1%, 16 ± 
1.6%, and 17 ± 1.4 at tartrazine doses of 20, 50, 
100, and 200 mg/kg bw, respectively . Sticky 
chromosomes were the most common CAs found 
at higher tartrazine doses (100 and 200 mg/kg 
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bw). 

3.3. Micronuclei induction. 
Figure 2 shows the micronuclei frequency in 

bone marrow cells following tartrazine treatment. 
Tartrazine has been shown to increase the 

frequency of micronuclei. The mean percentage of 
micronucleus frequencies were 11 ± 1.2, 12 ± 1.6, 
14 ± 0.8, and 15.25 ± 1.7  at tartrazine doses of  

20, 50, 100, and 200 mg/kg bw, respectively. 

 
Table 1: Effect of different treatments of Tartrazine on selected biochemical parameters. 

 

Creatinine 
(mg/dl) 

Blood Urea 
(mg/dl) 

AST 
 (U/L) 

ALT  
(U/L) 

(mg/ml) 

1.1±0.1 36±0.4 18.66±0.3 25.7±0.3 NC 
1.2±0.5* 40.5±0.4* 20±0.4* 26.4±0.5 20 

1.35±0.2** 45±0.4** 21.7±0.5** 30±0.8** 50 
1.52±0.1** 52.5±0.8** 30±0.4** 33±0.7** 100 

2±0.8** 91.3±1.8** 35±0.6** 45.5±1.1** 200 
3.1±0.4** 131.2±1.9** 56±1.2** 81±1.4** PC 

ALT= Alanine aminotransferase, AST= Aspartate aminotransferase. NC: Negative control, PC: positive 
control  

Level of significance: * p < 0.05 , ** p < 0.01. All values are shown as mean ± SD. 
          

 
Figure 1: Effects of Tartrazine on chromosomal aberrations frequency. 

* p < 0.05 , ** p < 0.01 versus control, NC: Negative control, PC: positive control. 
 

 
Figure 2. Effect of Tartrazine on micronuclei induction. 

   * p < 0.05 , ** p < 0.01 versus control, NC: Negative control, PC: positive control. 
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DISCUSSION 
The current study was investigated the 

possible in vivo genotoxic effects of tartrazine in 
mice using CAs, and MNT. Tartrazine has also 
assessed potential toxic effects on kidney and 
liver function. Table 1 shows that ALT and AST 
activity is significantly higher in all tartrazine-
treatment groups as compared to the control 
group. This result is concordant with the findings 
of Amin et al (2010) who found that compared to 
the control, high doses of tartrazine (500 
mg/kg/bw) in mice resulted in significant increases 
in ALT and AST. Another study reported a 
significant increase in liver enzymes (AST and 
ALT) after a 30-day dosage of 10 mg/kg bw (Al-
Shinnawy et al. 2013). Aminotransferase activities 
are regarded as a highly sensitive marker of the 
health of the liver (Tameda et al. 2005). Elevated 
serum AST and ALT levels are possibly caused 
by injury of liver tissue (Varely et al. 1988). Our 
findings indicate that tartrazine-treated groups had 
significantly higher serum creatinine and urea 
amounts than controls. These findings represent 
those of Tawfek et al. (2015), which shows a 
substantial rise in both urea and creatinine levels 
in rats after tartrazine consumption. Creatinine 
and urea concentrations were also elevated in 
tartrazine-treated rats (7.5 mg/kg bw) (Khayyat et 
al. 2017). Furthermore, Amin et al. (2010) 
reported that rats treated with tartrazine had 
substantial increases in serum urea and 
creatinine. Additionally, Tartrazine increased urea 
and creatinine levels significantly, which is 
consistent with decreased renal activity and failure 
of the kidney to filter body fluids (Mehedi et al. 
2013). Chromosomal aberrations and MNT are 
commonly used to evaluate potential DNA 
damage caused by a variety of chemical and 
environmental agents (Albertini et al. 2000). 
According to this study, Tartrazine significantly 
increased the number of CAs. These findings 
corroborate Giri et al. (1990), who reported that 
acute and chronic exposure to tartrazine caused a 
significant increase in SCE and CA in rat bone 
marrow cells. According to Mpountoukas et al. 
(2010), Tartrazine can bind to DNA directly and 
has a significant toxic effect on chromosome 
content. Moreover, chromosomal aberrations 
were observed in Allium cepa cells, rodents' bone 
marrow cells, and fibroblast cells of Muntiacus 
muntjac (Mpountoukas et al. 2010). Chromosomal 
aberrations can increase as a consequence of an 
increase in DNA damage or disruption of DNA 
repair (Sasaki et al. 1993). Most CAs will be fatal, 
but numerous corresponding aberrations have 

vitality and may be responsible for genetic effects, 
both inherited and somatic (Swierenga et al. 
1991). The MN assay is a quantitative tool that is 
now commonly used in genotoxicity studies to 
assess chromosome structural damage. When 
intact or acentric chromosomal fragments are 
removed from the nucleus during mitosis or 
meiosis and are observed in the binucleotide cell 
after cytokinesis has been blocked, micronuclei 
can form (Fenech, 2000, Kirsch-Volders et al. 
2003). This study found that tartrazine can cause 
increased formation of micronuclei in mouse bone 
marrow when comparing with the control group (P 
< 0.05). These findings are in accordance with 
Roychoudhury and Giri (1989), who reported that 
tartrazine significantly increased MN frequency in 
onion root tip cells. According to another study, 
exposure to 625, 1250 and 2500 ug/ml doses of 
tartrazine generated a considerable rise in the 
occurrence of MN in the absence and presence of 
S9 mix in human lymphocytes (Atlı Şekeroğlu et 
al. 2017). 

CONCLUSION 
According to this study, administration of 

tartrazine to mice causes biochemical alterations, 
especially at high doses, and also causes DNA 
damage in the form of chromosome aberrations 
and micronucleus formation. Further genotoxicity 
studies are needed, especially under in vivo 
conditions. 
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