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A b s t r a c t

In this study, the effect of exposure to a food colorant tartrazine was investigated on biomar-
kers of oxidative stress and apoptosis in Drosophila melanogaster. D. melanogaster eggs were 
grown on cornmeal medium containing tartrazine at different concentrations (0, 250, 500, 1000, 
2000 mg/kg). Third instar larvae of D. melanogaster were harvested. Oxidative stress markers 
were assayed spectrophotometrically while the level of expression of some apoptosis-regulatory 
genes were quantified using reverse polymerase chain reaction technique. Tartrazine significan-
tly (p < 0.05) increased the levels of hydroperoxides and malondialdehyde in a dose-dependent 
manner. Interestingly, glutathione level increased among the groups, while the activities of glu-
tathione transferase were reduced across the treatment groups. Tartrazine exposure resulted in 
misexpression of apoptosis and stress genes with a significant reduction in ANCE, HSP 27 genes. 
This study suggests that tartrazine induced oxidative stress and could induce apoptosis in  
D. melanogaster larvae, thus a risk factor in developmental toxicity.
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ria, phone: +2348062395836, e-mail: okafolabi@lautech.edu.ng
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Introduction

Tartrazine (E102) is a synthetic lemon-yellow azo dye commonly used 
as food, drug and cosmetic colourant (El-Keredy 2017, Khayyat et al. 
2017, Tripathy et al. 1989). It is also employed as a dye for wool and silk 
(Sarikaya et al. 2012, Tripathy et al. 1989). Due to its low cost and stabi-
lity, tartrazine is widely used in numerous consumables, including food 
products (Amin et al. 2010, Khayyat et al. 2017, Walton et al. 1999). 
Some non-food consumables containing tartrazine include cosmetics, food 
supplements and some specific prescription drugs (Amin et al. 2010). Allo-
wed Dietary Intake (ADI) of tartrazine is 7.5 mg/kg/day (Amin et al. 2010, 
Walton et al. 1999).

Most producers involved in food industry use food additives to achieve 
the desired organoleptic characteristics of each product. Conversely, these 
additives may have adverse health effects as demonstrated in several stu-
dies (Bateman et al. 2004, Raposa et al. 2016). As the consumption of 
these substances increased, the incidence of diseases, notably, eczema, 
headache, allergic asthma, diarrhoea, hyperactivity and hypersensitive-
ness also increased (Uysal et al. 2015). The ingestion of tartrazine has 
also been associated with some behavioural changes in children such as 
irritability, restlessness, and sleep disturbance (Bateman et al. 2004, 
Rowe 1988).

Tartrazine toxicity may result directly or indirectly from the biotrans-
formation of its azo linkage (Chequer et al. 2011). Metabolic reduction of 
tartrazine in the intestine of the animal by the intestinal microflora results 
in the formation of two metabolites – sulfanilic acid and aminopyrazolone 
(Chung et al. 1992, Russ et al. 2000). These metabolites of tartrazine can 
generate reactive oxygen species (ROS), causing oxidative stress, and 
affect hepatic and renal architectures and biochemical profiles (Himri et 
al. 2011, Khayyat et al. 2017). Oxidative stress has been implicated in 
several diseases (Caro and Cederbaum 2004) and the process has also 
been established as a key pathomechanism of inflammatory, apoptotic and 
ageing processes (Askari et al. 2018, Hamishehkar et al. 2014, Raposa  
et al. 2016, Selvakumar et al. 2018).

There are contradictory reports of the toxicity of food colorants in lite-
rature. Azo dyes have been reported to be genotoxic, inducing DNA damage 
in treated animals (Tsuda et al. 2001). Conversely, another research sho-
wed no significant increase in the number of micronuclei found even at 
high dose of tartrazine while investigating for DNA damage in mice. 
However, tartrazine and azorubine increased the mRNA level of CYP1A1, 
which are pivotal in the metabolic activation of certain procarcinogenic 
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substances in the liver of mice (Poul et al. 2009). Also, altered kidney and 
liver function and oxidative stress biomarkers were observed in male rats 
after tartrazine and azorubine intake (Amin et al. 2010). In the same 
study, alanine aminotransferase, aspartate aminotransferase, total pro-
tein, and albumin levels were significantly increased in the treated groups 
compared with the control. Furthermore, tartrazine exposure reportedly 
disrupted hepatic oxidative balance in the animals (Amin et al. 2010). 
Increased tissue concentrations of enzymes involved in the oxidative 
mechanisms indicate that these food colorants may intervene in the mul-
ti-step process of inflammation and carcinogenesis (Raposa et al. 2016). 
Another comparative in vivo toxicity study administered different doses of 
tartrazine to guinea pigs showed no cytotoxic changes in tissues and 
organs and reported absence of the development of neoplastic alteration in 
the experimental animals (Rus et al. 2010).

The common fruit fly, Drosophila melanogaster, is a well-studied and 
highly tractable genetic model organism for understanding the molecular 
mechanism of human diseases (Pandey and Nichols 2011). The extensive 
knowledge of the genetics of Drosophila melanogaster and the long experi-
mental experience with this organism has made it of unique usefulness in 
mutation research and genetic toxicology (Sarikaya et al. 2012). Many 
fundamental biological, physiological, and neurological properties are con-
served between mammals and D. melanogaster. Nearly 75% of human 
disease-causing genes have a recognisable match in the genome of Droso-
phila and 50% of the fly protein sequences have mammalian homologs 
(Pandey and Nichols 2011, Sarikaya et al. 2012). Furthermore, Droso-
phila is a widely accepted model organism used in in vivo genotoxicity and 
mutagenicity studies (Sarikaya et al. 2012, Wang et al. 2018).

It is established that azo dyes, such as, tartrazine are bio-transformed 
into metabolic intermediates capable of generating copious amount of reac-
tive oxygen species. However, reports regarding the toxicity of tartrazine 
are inconsistent. Hence, the present study aimed to evaluate the toxicity of 
tartrazine by examining the biomarkers of oxidative stress and its apop-
totic potentials in the 3rd stage instar larvae of Drosophila melanogaster. 

Materials and Methods

Chemicals

Tartrazine CI19140 was a product of Jinzhou Tianyu Science & Tech-
nology Co., Ltd, China. Trizol®, RNAhold® and EasyScript® one-step 



Adedoja D. Wusu et al.422

RT-PCR kit was obtained from TransBionovo Co., Ltd. Beijing, China. 
Other chemicals and reagents were of analytical standard and purchased 
from Sigma-Aldrich.

Raising of Flies

The flies and larvae were cultured on a standard Drosophila diet 
medium containing agar, fruit concentrate (apple), sugar, yeast, MgSO4 
and CaCl2. Additional yeast suspension was provided for healthy growth 
of the organism. Flies were kept in darkness for the period of egg laying 
and harvest; otherwise, the flies were cultured in normal light/dark cycle 
at 25 ± 10C (Uysal et al. 2015). The fruit agar is used to collect the eggs of 
adult female Drosophila melanogaster.

Experimental Design

The experiment was carried out using previously described procedures 
but with slight modification (Rahul et al. 2015, Uysal et al. 2015). The 
final concentration of tartrazine i.e. 250, 500, 1000 and 2000 mg/kg bw was 
established in diet of the respective groups, except for the control group, 
which contains no tartrazine. Vials were prepared and made into five dif-
ferent groups in triplicates. For each group, a specific concentration of 
sample solution was made in a total volume of 8 ml and feed was added to 
make up to a total of 80 ml. The prepared feed (25 ml) was placed into vials 
in each group and 35 µl of PBS-washed harvested Drosophila melanoga-
ster eggs was pipetted into each vial. From each of the five groups, 20 
developed third stage insta-larva were harvested after five days and pla-
ced in labelled 1.5 ml Eppendorf tube which was centrifuged. After that, 
300 µl of homogenizing buffer (0.25 M sucrose, 1 mM EDTA, 10 mM 
HEPES-NaOH, pH 7.4 ) was added and then homogenized. Homogenizing 
buffer was added to make 1000 µl. The mixture was put in refrigerated 
centrifuge at 10000 g for 20 minutes at 4ºC. The supernatant was extrac-
ted into Eppendorf tubes and placed on ice until required for use.

Biochemical Assays

RNA Extraction Protocol

TriPure (a brand of Trizol) reagent (RIO et al. 2010) was added into 
eppendorf tubes containing ~20 3rd stage insta-larvae and homogenized. 
Thereafter, 200 µl of chloroform was added and vortexed for 30 seconds. 
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After incubating at room temperature for 10 minutes, the mixture was 
centrifuged at 11300 rpm for 15 minutes. Two layers appeared after cen-
trifuging, with the top colourless layer containing the RNA. The RNA was 
transferred to a new labelled eppendorf tubes and 250 µl of iso-propanol 
was added and then mixed by inversion. This was left to seat at room 
temperature for 10 minutes, and then centrifuged at 1200 rpm for 10 
minutes and the supernatant was collected after centrifuging. After 
addition of 75% cold ethanol, the resulting solution was properly mixed 
and then centrifuged at 9100 rpm for 5 minutes. The supernatant was 
carefully discarded and then pellet dried in a speed vacuum for 20 minu-
tes. The dry pellet was dissolved in RNAfree water and used for gene 
expression analysis.

Gene Expression Analysis

The expression level of certain apoptotic, DNA methylating and chro-
matin modifying genes (Table 1) were quantified using relative reverse 
transcriptase polymerase chain reaction (RT-PCR) techniques as described 
by Chaudhry (2006), with appropriate modifications. In brief, about 500 ng  

Table 1 
List of genes studied and the sequences of Gene Specific Primers

Gene code Gene name Primer sequence (5’->3’)

HSP 27 heat shock protein 27
forward: AAAGATGGCTTCCAGGTGTG
reverse: CCCTTGGGCAGGGTATACTT

DMILP-2 insulin like peptide-2
forward: ACTCCCGCAGAGCCTTCATA
reverse: GCTCAACGAGGTGCTGAGTA

ANCE angiotensin converting enzyme
forward: ATATCGCCGGACAGAACGC
reverse: CAGAAGTCCTGTGGCAGCTT

NC DM death regulator NEDDE-like caspase
forward: ATTGGAATGCCGAAGAGGCA
reverse: ATACGACGAGGAGGTCACCA

DCP-1 death caspase-1
forward: CCAAAAAGGGCGCAACAACT
reverse: TGGCAGTGAAGTAGTGCCAG

DEBCL death executioner BCL-2
forward: CCCAATCCCTCTAACGGACG
reverse: TGTTCAGTGCCGGGAAAACT

β-TUB Tubulin, Beta
forward: ACCAATGCAAGAAAGCCTTG
reverse: ATCCCCAACAACGTGAAGAC

of RNA was used for the semi-quantitative RT-PCR using the Transgen® 
EasyScript® one-step RT-PCR reagent. Briefly, the cDNA synthesis was 
carried out at 45oC for 30 minutes. This was followed by 35 cycles of PCR 
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amplification, using gene specific primers (GSP) – Table 1, in a C1000 
Touch™ Thermal Cycler (BioRad, CA, USA). The cycles consisted of 94oC 
for 30 s, 5min at the annealing temperature of GSP and 1min at 72oC. The 
level of transcription of the genes relative to β-Tubulin was quantified 
using Image J® software (Abràmoff et al. 2004). 

Lipid Peroxidation

Lipid peroxidation was measured by the method of Ohkawa et al. 
(1979). Briefly, larva homogenate (50 µl) was added to the reaction mixture 
consisting of 8% SDS (50 µl), 20% acetic acid (40 µl) and 150 µl distilled 
water. Reaction was initiated by adding 400 µl of 1% TBA and terminated 
by 10% TCA. After centrifugation at 1000 rpm for 10 minutes, the super-
natant was extracted and absorbance was read at 535 nm. MDA content of 
the sample was calculated by using the extinction coefficient of MDA, 
which is 1.56 ∙ 105 M-1 cm-1.

Glutathione Content Determination

GSH content in the exposed larvae were determined using Ellman’s 
reagent (DTNB), following a previously described procedure (Singh et al. 
2009). The assay mixture consisted of 400 µL thiol reagent, 10 µL 0.01% 5, 
5’-Dithiobis-2-nitro benzoic acid (DTNB), 25 µL TCA and 125 µL of the 
sample. The mixture was centrifuged at 5000 rpm for 5 minutes. The super-
natant was collected, and absorbance was read at 412 nm after 5 minutes.

Hydroperoxide Assay

Hydrogen peroxide assay was performed following a previously descri-
bed procedure (Long et al. 1999). 50 µL of the sample was mixed with 200 µL 
of distilled water, immediately followed by the addition of FOX reagent 
(12.5 µL), thoroughly mixed and then incubated at room temperature for 
30 minutes. Absorbance was then read at 560 nm against a water blank.

Acetylcholinesterase (AChE) Assay

Acetylcholinesterase activity was measured by the method of (Ellman 
et al. 1961) as reported by Jahromi et al. 2013a. The assay reaction 
mixture consisted of 5 µL acetylcholine chloride, 25 µL DTNB (10 mM),  
10 µL sample, 750 µL phosphate buffer (0.1 M, pH 8.0). The reaction 
mixture was thoroughly mixed and incubated at room temperature for  
10 minutes. The change in absorbance was monitored against a water 
blank at 412 nm for 3 min. 
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Glutathione-S-Transferase (GST) assay

Glutathione-S-transferase activity was determined following a previo-
usly described procedure (Rahul et al. 2015). The assay reaction mixture 
consisted of 500 µL of 0.1 M phosphate buffer, 50 µL of 10 mM CDNB,  
50 µL of 10 mM reduced glutathione and 50 µL of the sample. The reaction 
mixture was thoroughly mixed by inversion, followed by immediate 
reading of absorbance against a buffer blank at 340 nm within 5 minutes.

Thioredoxin Reductase Assay

Thioredoxin reductase activity was determined following a previously 
described method (Holmgren and Bjornstedt 1995) with minor modifi-
cations (Singh et al. 2009). The reaction mixture consists of 4 µL NADPH, 
316 µL thioredoxin buffer, 40 µL DTNB and 40 µL BSA. The reaction 
mixture was incubated in the dark, at room temperature for 10 minutes. 
Thereafter, 25 µL of sample was added and the resulting mixture was left 
to stay for approximately 3 minutes. Absorbance was then read against 
a buffer blank at 410 nm at every 30 seconds for 3 minutes.

Chloramine Assay

Chloramine concentrations in larval homogenates were determined to 
measure the formation of oxidative protein products, using a previously 
described method (Stanley et al. 2010). The assay reaction mixture con-
tains 1000 µL DTNB and 50 µL sample. The mixture was then incubated 
in the dark, at room temperature for 15 minutes. Absorbance was read 
against a water blank at 412 nm.

Statistical Analysis

Statistical analysis was performed using a software program 
(GraphPad Prism 8.0.1) (GraphPad Software Inc., San Diego, CA, USA). 
All data were presented as mean ±S.E.M. One-way ANOVA followed by 
post-hoc Tukey’s test was used to assess the significance of the difference 
between control and treatment groups. 
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Results

Enzymatic Antioxidant Activities Following Exposure  
to Tartrazine

Table 2 depicts the gluthathione transferase (GST), acetylcholineste-
rase (AChE) and thioredoxin reductase (TR) activities in Drosophila mela-
nogaster larvae after 5 days of exposure to different tartrazine concentra-
tions. There was a non-dose dependent decrease in the activity of GST 
in all treated groups in comparison to the control. However, significant 
reduction in GST activity was observed only in the groups exposed to  
500 mg/kg bw and 2000 mg/kg bw at 0.660 ±0.210 kU/mg protein and  
0.372 ±0.020 kU/mg protein respectively in comparison with the control 
(2.869 ±1.735 kU/mg protein), corresponding to 77% and 87% decrease in 
GST activity respectively. Also, the tartrazine exposed groups showed  
a non-dose dependent decrease in AChE activity when compared with the 
control, though not statistically significant. Meanwhile, all tartrazine 
exposed groups showed a statistically significant decrease in thiore- 
doxin reductase (TR) activity. The observed TR activity corresponds to  
40% (0.003 ±0.000 kU/mg protein), 60% (0.002 ±0.000 kU/mg protein),  
40% (0.003 ±0.000 kU/mg protein) and 60% (0.002 ±0.000 kU/mg protein) 
reduction for 250, 500, 1000 and 2000 mg/kg.bw of tartrazine respectively 
in comparison with the control (0.005 ±0.000 kU/mg protein).

Table 2
GST, AChE and TR activities in Drosophila melanogaster larvae after 5 days of exposure  

to tartrazine 

Group GST
[kU/mg protein]

AChE
[kU/mg protein]

TR
[kU/mg/protein]

Control 2.869±1.735a 0.411±0.195a 0.005±0.000a

250 mg/kg bw 1.043±0.109a,b 0.288±0.040a 0.003±0.000b

500 mg/kg bw 0.660±0.210b 0.281±0.021a 0.002±0.000b

1000 mg/kg bw 1.264±0.750a,b 0.339±0.019a 0.003±0.000b

2000 mg/kg bw 0.372±0.020b 0.303±0.045a 0.002±0.000b

Each value is mean ±S.E.M for 20 3rd stage larvae. Values within a column with different alpha-
bet superscripts are significantly different from each other at p < 0.05.

Non-enzymatic Antioxidants Levels and Oxidative Stress 
Parameters Following Exposure to Tartrazine

Table 3 depicts glutathione (GSH), malondialdehyde (MDA), hydrogen 
peroxide (H2O2) and chloramine levels in Drosophila melanogaster larvae 
after 5 days of exposure to different tartrazine concentration. There was 
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increase in GSH levels of the groups exposed to tartrazine. The increased 
GSH levels is non-dose dependent with statistically significant increase, 
compared with the control, being observed just in the groups exposed to 
500 mg/kg bw and 2000 mg/kg bw at 1.110 ±0.213 nmole/mg protein and 
1.247 ±0.138 nmole/mg protein respectively, which corresponds to a respec-
tive increase by 84% and 106%. Similarly, increase in MDA levels in the 
groups exposed to tartrazine was non-dose dependent. The groups exposed 
to 500 mg/kg bw, 1000 mg/kg bw and 2000 mg/kg bw of tartrazine, compa-
red with the control, showed a statistically significant increase in malon-
dialdehyde levels at (39.773 ±7.619 pmole/mg protein), (54.415 ±0.803 
pmole/mg protein) and (52.283 ±0.328 pmole/mg protein), corresponding to 
43%, 95% and 88% increase respectively. The highest level of MDA (54.415 
±0.803 pmole/mg protein) was observed at 1000 mg/kg bw of tartrazine 
concentration. Conversely to preceding observations, there was a dose-de-
pendent increase in H2O2 levels across the tartrazine exposed groups. 
However, only the group exposed to 2000 mg/kg bw of tartrazine showed 
a statistically significant increase in H2O2 level (1.345 ±0.234 nmole/mg 
protein) when compared with the control (0.703 ±0.127 nmole/mg protein). 
This is equivalent to about 91% increase. In total deviation from all result 
patterns observed in this study, trends in chloramine levels across all gro-
ups appears irregular and there was no statistically significant effect on 
chloramine levels in tartrazine exposed groups compared with the control.

Table 3
GSH, MDA, H2O2 and Chloroamine levels present in Drosophila melanogaster larvae after  

5 days of exposure to tartrazine

Group
GSH

[nmole/mg 
protein]

MDA
[pmole/mg 

protein]

H2O2 [nmole/mg 
protein]

Chloramine 
[pmole/mg 

protein]
Control 0.604±0.001a 27.812±4.490a 0.703±0.127a 216.545±34.26a

250 mg/kg bw 0.754±0.049a,b 38.083±3.040a 0.787±0.159a 163.500±74.45a

500 mg/kg bw 1.110±0.213b,c 39.773±7.619a,b 1.056±0.060a,b 313.687±52.04a

1000 mg/kg bw 0.931±0.128a,b,c 54.415±0.803c 1.121±0.107a,b 246.290±19.02a

2000 mg/kg bw 1.247±0.138c 52.283±0.328b,c 1.345±0.234b 183.637±07.63a

Each value is mean ± S.E.M. for 20 drosophila larvae. Values within a column with different al-
phabet superscripts are significantly different from each other at p < 0.05

Expression Pattern of Apoptotic and Oxidative Stress genes

Figure 1 depicts the expression patterns of heat shock protein 
27 (HSP27), inhibitors of apoptotic protein-like protein 2 (ILP2), negative 
cofactor 2 (NC2), angiotensin-1 converting enzyme (ANCE) and death 
caspase (Dcp) genes in Drosophila melanogaster larvae after 5 days 
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of exposure to different tartrazine concentration. HSP27 gene expression 
increased significantly at the dose 250 mg/kg bw, which dropped to a non-
-significant level at the dose of 500 mg/kg bw. The HSP27 gene expression 
decreased further to a statistically significant level with increasing con-
centration of tartrazine at 1000 mg/kg bw and 2000 mg/kg bw as compared 
with the control. On ILP2 gene expression, an irregular non-dose related 
increase in the gene expression was observed in all tartrazine exposed 
groups, though all significantly higher when compared with control. Tar-
trazine exposure has no statistically significant effect on NC2 gene expres-
sion except for the significant reduction observed in the group exposed to 
1000 mg/kg bw tartrazine. ANCE expression increased significantly at the 
dose of 250 mg/kg bw, which reduced slightly at the dose of 500 mg/kg bw, 
however, still significantly higher when compared with the control. The 
ANCE gene expression further decreased accordingly with increasing con-
centration, initially, to almost normal level at 1000 mg/kg bw and then to 
a statistically significant level at 2000 mg/kg bw dose of tartrazine as com-
pared with the control. Expression pattern of Dcp gene was strikingly 
similar to that observed in ANCE gene expression. The Dcp gene expres-
sion increased significantly at 250 mg/kg bw but steadily reduced and 
finally to a statistically significant level at 2000 mg/kg bw dose of tartra-
zine when compared with the control. 

Discussion

This present study undertaken to evaluate the toxic outcome of tartra-
zine administration in Drosophila melanogaster has shown definitive oxi-
dative stress and apoptotic responses induced by the additive. Tartrazine 
elevated the oxidative stress parameters, MDA, H2O2, and chloramine 
contents in D. melanogaster larvae while decreasing the activities of the 
antioxidant enzymes, TR and GST. In addition, tartrazine modulated the 
expression of apoptotic and oxidative stress genes like HSP27, ILP2, 
ANCE and Dcp after 5 days of exposure. 

Reactive oxidants are generated in biological systems both through 
endogenous processes and external factors including exposure to drugs, 
chemicals and pollutants. Due to the high reactivity of these oxidants, 
damage may occur to these biological systems. Increase in free radicals 
causes overproduction of MDA, which is a marker of oxidative stress 
(Vaváková et al. 2015). MDA is one of the final products of polyunsatura-
ted fatty acid peroxidation (lipid peroxidation) in cells, and is usually 
implicated in the pathogenesis of various diseases such as atherosclerosis, 
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stroke and Graves’ disease (Ahmad et al. 2008, Palipoch and Koomhin 
2015). Tartrazine belongs to the group of azo dye food colorants and meta-
bolized inside the body into aromatic amines by intestinal microflora. The 
resulting amines are able to generate ROS as part of their metabolism by 
the interaction of the active amino groups with nitrite or nitrate conta-
ining foods (Moutinho et al. 2007). In this study, tartrazine-treated gro-
ups showed a significant increase in MDA levels which suggests that high 
concentration of tartrazine might induce lipid peroxidation due to increase 
ROS, hence oxidative stress in biological system. This is consistent with 
reports where significant higher concentrations of MDA were observed in 
animals fed with synthetic dyes, such as tartrazine (El-Desoky et al. 
2017, Amin et al. 2010, Gao et al. 2011). In another study, tartrazine-tre-
ated rats exhibited elevated levels of MDA and nitric oxide (NO), indica-
ting the manifestation of oxidative stress (Khayyat et al. 2017). In the 
same vein, there was a significant elevation of H2O2 level in the group 
with the highest tartrazine administration. This is an indication that high 
dose of tartrazine results in the generation of numerous superoxide radi-
cals, resulting in increased oxidative stress. The elevated levels of malon-
dialdehyde (MDA) and hydrogen peroxide (H2O2) in this study evidently 
indicate that tartrazine induces oxidative stress by generating ROS in the 
Drosophila melanogaster larvae.

Antioxidant defence systems constitute mechanisms by which living 
organisms combat oxidative stress by mopping up generated free radicals. 
These antioxidants can be enzymatic or non-enzymatic. Superoxide dismu-
tase (SOD) is an enzymatic antioxidant that acts as living organisms first 
line of defence against ROS by catalysing their conversion to less reactive 
or inert species (Mittler et al. 2004). SOD catalyses the dismutation of 
superoxide to hydrogen peroxide and oxygen (Kohen and Nyska 2002). 
The end product of the dismutation reaction H2O2 can be removed by the 
activity of the enzyme catalase (Onyeka et al. 2012). The increased con-
centration of H2O2 could be an indication of a breakdown of the enzymatic 
antioxidant system in the larvae. Thioredoxin reductase (TR) is an impor-
tant enzymatic antioxidant that catalyses the reduction of thioredoxin in 
a thiol-like redox system that involves several oxidoreductases including 
glutathione reductase and lipoamide dehydrogenase among others 
(Mustacich and Powis 2000). It is a conserved protein that is involved in 
protecting organisms against various oxidative stress (Chenga et al. 
2018). TR plays important roles in a wide range of cellular processes, such 
as cell growth, DNA synthesis, apoptosis regulation, and antioxidative 
defence in organisms (Cho et al. 2001, Mustacich and Powis 2000). It 
protects cells through redox homeostasis against oxidative stress (Chenga 
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et al. 2018, Mccarty et al. 2015, Rahlfs et al. 2002). This study revealed 
a significant reduction in TR levels in all the groups administered with 
tartrazine. This suggested that tartrazine interferes with thioredoxin 
recycling, thus affecting the availability of its reduced form required for 
important biological processes including free radical scavenging. 

Glutathione (GSH) is one of the most abundant cellular antioxidants, 
providing protection against reactive species. The antioxidant activity 
comes from the free thiol group of GSH, which is easily oxidized non-enzy-
matically by electrophiles and other oxidants. GSH also serves critical 
roles in detoxification of electrophiles (Wu et al. 2004). Furthermore, GSH 
plays predominant role in regulation of cellular and subcellular redox 
state, for example through reactions with glutaredoxin and protein disul-
fide isomerases to organize a proper tertiary structure of proteins through 
thiol-disulfide exchange (Franco et al. 2007). Glutathione S-transferases 
(GST) are a large and diverse group of enzymes which catalyze the conju-
gation of electrophilic xenobiotic substrates with the tripeptide glutathione 
(GSH; g-glu-cys-gly) (Ma et al. 2018). Besides, GST can also serve as 
nonenzymatic binding proteins (known as ligandins) interacting with 
various chemical compounds that include steroid, thyroid hormones, bile 
acids, heme, bilirubin and fatty acids (Cho et al. 2001). Also, evidence sug-
gests that GST is involved in cellular defense against diverse groups of 
toxic agents that may be generated in the environment or within the cell 
(Ma et al. 2018). GST is involved in the metabolism of drugs and xeno-
biotics with numerous findings suggesting it having a vital role in 
resistance to stress (Curtis et al. 2010, Hayes and Strange 2000, Roxas 
et al. 2000). In this present study, a significant elevated level of GSH and 
significant reduction in GST activities were observed following a high dose 
of tartrazine in the 3rd instar larvae of Drosophila melanogaster. The 
observed elevated level of GSH might be an adaptive response of the larvae 
to the exogenous molecule, tartrazine or a failure of the glutathione utili-
zing system in the cell. The observed reduction in GST activities is sugge-
stive of the latter contributing to the accumulation of GSH in the cell. The 
reduction in GST activities could have resulted from its inhibition or 
depletion following increased ROS generation with subsequent oxidation 
of the protein. This would effectively compromise the protein activity, 
eventually contributing to a poor clearance of tartrazine from the system 
which will further subject the larvae to increased chemical stress. Our 
results are in consonance with similar study reflecting the damaging effect 
of tartrazine on antioxidant defense system. The authors reported GSH, 
SOD and catalase activities were reduced while MDA levels increased in 
tissue homogenate of rats that consumed high tartrazine. They concluded 
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that tartrazine adversely affects and alters biochemical markers in liver 
and kidney at both high and low doses (Amin et al. 2010). 

Acetylcholinesterase catalyses the hydrolysis of neurotransmitters, 
primarily acetylcholine, into acetate and choline, serving essential neuro-
logic function (Lionetto et al. 2013). It is the most important biological 
component of cholinergic function (Jahromi et al. 2013b). AChE is involved 
in membrane integrity and changes in membrane permeability occurring 
for synaptic transmission and conduction (Schmatz et al. 2009). This pre-
sent study found no significant effect of tartrazine on AChE activity in the 
3rd instar larvae of Drosophila melanogaster. Likewise, there was no signi-
ficant effect of tartrazine on chloramines levels in the larvae. The reaction 
of proteins with chloramines and other chlorinated oxidants results in 
chlorination of amino acid residues and formation of group of products 
generally classified as advanced oxidation protein products (AOPPs), 
which are surrogate markers of inflammation (Çakatay et al. 2008, 
Korkmaz et al. 2013, Marrocco et al. 2017). Despite evidence in our study 
of tartrazine’s ability to disrupt antioxidant defense system, its lack of 
effect on both AChE activity and on chloramines level imply that tartra-
zine may not be neurotoxic and inflammatory in D. melanogaster.

Amidst several changes in cellular activity and physiology, stressed 
cells remarkably produce a highly conserved set of proteins, the Heat 
Shock or Stress Proteins (HSPs) and certain non-coding RNAs, like the 
hsrω transcripts in Drosophila and the satellite III transcripts in humans 
(Arya et al. 2007, Jolly and Lakhotia 2006, Lakhotia 2012). Hence, this 
study went further to investigate the effect of tartrazine on the level of 
expressions of certain stress and apoptosis related genes, such as, Hsp27, 
ILP-2, NC2, ANCE and Dcp genes in the 3rd stage instar larvae of Droso-
phila melanogaster. These genes have been reported to be differentially 
expressed at different stages of development (Dwivedi and Lakhotia 2016).

Hsp27 is a 27-kDa protein, which represents a key component of the 
cellular adaptive response that helps maintain cellular homeostasis under 
stress. It exerts its anti-apoptotic influence by inhibiting cytochrome c and 
TNF-mediated cell death (Arya et al. 2007, Paul et al. 2002). Increased 
expression of Hsp27 during stress response correlates with better survival 
from cytotoxic stress (Bruey et al. 2000, Concannon et al. 2003, Dwivedi 
and Lakhotia 2016, Paul et al. 2002). Findings from this study reveal  
a dose-dependent effect of tartrazine on Hsp27 gene expression in 3rd stage 
instar larvae of Drosophila melanogaster. At low dose, a significant increase 
in Hsp27 gene expression was observed as compared to the control, indica-
ting an adaptive response to the stress induced by tartrazine in the larvae. 
However, higher doses of tartrazine resulted in significant reduction in 
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Hsp27 gene expression in the 3rd stage instar larvae of Drosophila melano-
gaster. This reduced expression might be as a result of the overwhelming 
burden or toxicity of high dose of tartrazine on the adaptive response mecha-
nism and perhaps cellular damage via induction of apoptosis. On the other 
hand, our results depicted significant increase in the expression level of 
ILP-2 genes in all 3rd stage instar larvae groups administered with tartra-
zine. ILP-2 belongs to a protein family known as Inhibitors of Apoptosis Pro-
tein (IAP), which inhibits apoptosis via interaction with diverse component 
of the caspase signaling pathways (Khalili et al. 2016, Richter et al. 2001). 
The gradual reduction of IL-2 expression after peaking at 500 mg/kg bw 
tartrazine dose indicates the potential toxicity of tartrazine at higher doses. 

NC2 is a protein factor that interacts with TATA-binding protein 
(TBP) to mediate the initiation of transcription (Masson et al. 2008). Rese-
arch data have suggested that the association of NC2 with DNA bound 
TBP competes with the association of transcription factor IIA (TFIIA) and 
transcription factor IIB (TFIIB), and thus inhibits transcription initiation 
(Cang and Prelich 2002, Kamada et al. 2001, Xie et al. 2000). It has also 
been demonstrated that NC2 does not only repress, but also activates 
transcription, in vitro and in vivo (Cang and Prelich 2002, Geisberg  
et al. 2001). NC2 becomes limiting for TBP association with a heat induci-
ble promoter under heat stress (Masson et al. 2008). This present study 
finds no remarkable effect of tartrazine on NC2 gene expression in the 3rd 
stage instar larvae of D. melanogaster.

Dcp is an effector caspase which actively participate in programmed 
cell death (apoptosis) (Akagawa et al. 2015, Hou et al. 2008, Xu et al. 
2009). In the fruit fly, dcp-1 plays an essential role in nurse cell deaths 
during mid oogenesis under condition of starvation (Laundrie et al. 2003). 
Dcp-1 knock-out mutants are viable without apparent adult defects, hence, 
dcp-1 might not be crucial for normal development (Mills et al. 2005, 
Muro et al. 2006, Xu et al. 2006). ANCE is a Drosophila homolog of the 
mammalian Angiotensin-converting enzyme (ACE) (Harrison and Acha-
rya 2015, Kim et al. 2017). ACE is a dipeptidyl carboxypeptidase that 
converts Angiotensin I to Angiotensin II (Kim et al. 2017, Tagliazucchi  
et al. 2016). In mammals, ACE is pivotal to the regulation of the renin-an-
giotensin system (RAS) on blood pressure homeostasis by generating 
Angiotensin II, an active vasoconstrictor that increases blood pressure 
(Kim et al. 2017). It also play some roles in immune response, cytokine 
expression, and cell proliferation (Heeneman et al. 2007, Navarro et al. 
2006, Platten et al. 2009). 

In Drosophila, tissue specific expression of the ANCE gene in the ger-
minal disc has been reported, thus indicating that ANCE might play a key 
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role in the fly development (Hurst et al. 2003, Kim et al. 2017). However, 
there are reports that ANCE is dispensable for the development of Droso-
phila fly (Kim et al. 2017). In this study, the level of expression of both the 
Dcp and Ance genes significantly increased at the different doses of tartra-
zine at 250 mg/kg bw and 500 mg/kg bw. The elevated levels of Dcp gene 
expression is an indication of the apoptotic potentials of tartrazine while 
the elevation of the Ance gene expression suggests that tartrazine produ-
ces ROS, thus causing oxidative stress. Tartrazine showed no significant 
effect on the expression of the genes at the dose of 1000 mg/kg bw, howe-
ver, at 2000 mg/kg bw the expression of both Dcp and Ance genes were 
reduced significantly. The observed reduction could be as a result of the 
high toxicity of tartrazine at the very high dose, hence disrupting the cel-
lular adaptative response of the fly. 

In investigating the apoptotic potentials of tartrazine, the present 
study revealed rather complex results. Tartrazine could trigger apoptotic 
effects as seen in the elevated expression of ANCE and Dcp at low doses. 
However, the antiapoptotic effect of tartrazine was also revealed via the 
significant reduction of ANCE and Dcp expressions at high doses. This 
seemingly antiapoptotic effect of tartrazine was also observed via the non-
-dose dependent elevation of ILP2 expression. Similar to the findings of 
this present study, Raposa et al. (2016), reported that based on the nuc-
lear factor kappa activated B cells (NFκB) and mitogen-activated protein 
kinase 8 (MAPK8) expressions – tartrazine alone could contribute to apo-
ptotic effects at low concentration (41.2 mg/kg bw) and to anti-apoptotic 
effects at high concentration (412 mg/kg bw). The authors concluded that 
artificial food colorants result in the activation of inflammatory pathways 
favoring the development of cancers (Raposa et al. 2016). Meanwhile,  
500 mg/kg bw tartrazine was reported to increase apoptotic characteristics 
of brain tissue of rats (GAO et al. 2011).

Conclusion

In conclusion, findings from this study indicate the oxidative stress 
and apoptotic potential of tartrazine and by extension, other food colo-
rants. This emphasizes the need for adequate consumers’ awareness of the 
potential toxicity of these food colorants and proper regulation of the con-
centration being added into food, especially for children. Moreover, there 
is need for further investigation paths to accurately define the range of 
concentrations of these food dyes capable of eliciting these toxic effects. 

Accepted for print 27.07.2020
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