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A B S T R A C T
The artificial colorants act as a potent cytotoxic agent at the consumer level, 
whose analysis is inevitable. The investigation is mainly focused to analyze the 
toxicity of  two commonly used synthetic food colorants (Brilliant blue and Fast 
green) with the help of  Allium cepa root tip assay. The frequency of  aberrations 
and the concentrations of  both the colorants were found to be positively cor-
related in the chromosome studies. The integrity of  the cell membranes, which 
is a potent parameter to detect cellular damage was detected using Evans blue 
staining. 2,3,5-triphenyl tetrazolium chloride (TTC) method was also adopted to 
determine the damaging effects of  the synthetic molecules on the mitochondrial 
oxidative properties in the root tip cells. Both food colorants showed prominent 
membrane damage and mitochondrial activity reduction in the test material.
Keywords: chromosomal abnormality, membrane damage, metabolic inhibition, food 
colorants, brilliant blue, fast green

Р Е З Ю М Е
Поккадат А., Чембраммал Р., Топпил Дж.Э. Нестабильность хромо-
сом и аномальная митохондриальная активность, индуцируется дву-
мя синтетическими пищевыми красителями. Искусственные красите-
ли действуют как мощный цитотоксический агент на уровне потребителя. 
Исследование в основном направлено на анализ токсичности двух широ-
ко используемых синтетических пищевых красителей (Brilliant blue и Fast 
green) с помощью анализа кончика корня Allium cepa. Было установлено, 
что частота аберраций и концентрация обоих красителей положительно 
коррелируют при исследовании хромосом. Целостность клеточных мем-
бран, которая является информативным параметром для выявления кле-
точных повреждений, была обнаружена с помощью окрашивания синим 
Эвана. Метод 2,3,5-трифенилтетразолия хлорида (TTC) был также исполь-
зован для определения повреждающего действия синтетических молекул 
на окислительные свойства митохондрий в клетках кончика корня. Оба 
пищевых красителя показали значительное повреждение мембран и сни-
жение митохондриальной активности в исследуемом материале.
Ключевые слова: хромосомные аномалии, повреждение мембран, ингибирова-
ние метаболизма, пищевые красители, блестящий синий, быстрый зеленый
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Chromosomal instability and abnormal 
mitochondrial activity induced by two 
synthetic food colorants 

Synthetic food colorants are one of  the major ingre-
dients in fast-food and soft drinks and it can cause many 
life style diseases like diabetes, variation in blood pressure, 
cho les terol accumulation and cancer. These attractive 
synthetic co lorants are extensively used in the production of  
beverages and medicines. Humans, especially young child-
ren are always attracted to food and drinks bearing pleasant 
colors. So, addition of  attractive colors can enhance the de-
li cious value and the sweetness of  food and drink for the 
con sumers (NIN, 1994).

Synthetic certified colorants are the most popular type 
of  food colorings, as they are brighter, more uniform, better 
cha racterized, and of  higher tinctorial strength, encompass 
a wider range of  hues, and are less expensive than colors 
de rived from nature (Griffiths 2005). Most of  the synthetic 
dyes are originally resulting from coal tar, commonly called 
coal-tar dyes and it contain azo group. Azo dyes are com-
pounds characterized by the presence of  one or more 

azo groups (–N=N–) and constitute the most important 
class of  dyes in the textile industry (Kunz et al. 2002). 
Some authors re vealed that tests with microorganisms and 
mammalian cells show that azo dyes are toxic compounds 
(Michaels et al. 1985, Amin et al. 2010). All the cytotoxic ef-
fects reported for azo dyes might be due to the direct ac tion 
of  dyes on the cells, especially by the formation of  meta bo-
lites resulting from azo bond reduction (Lin & Leu 2008). 
These metabolites can react with the DNA molecule, da ma-
ging both its structure and function (Oliveira et al. 2010). 
Food colors are the key source of  food intoxication and 
sur veys have been conducted to determine the presence of  
non-permitted food colors in different food items (Koutso-
geor go poulou et al. 1998). 

Colors are often used in soft drinks, various kinds of  tof-
fees, ice-creams, jams, jellies etc, by the big manufacturers as 
well as street vendors. It has been suggested that con sump-
tion of  foods containing color additives could sometimes 
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lead to harmful effects (NIN 1994). The present study was 
inten ded to realize the toxic potential of  synthetic food co-
lo rants, like fast green and brilliant blue with core im por-
tance to their cytotoxicity, membrane damage, and mito-
chond rial function. 

M A T E R I A L  A N D  M E T H O D S
The synthetic food colorants, fast green (CAS No. 2353-

45-9) and brilliant blue (CAS No. 3844-45-9), in pure form 
were purchased from the local market whereas Allium cepa 
bulbs were purchased from Tamil Nadu Agricultural Uni-
ver sity and planted for fresh roots. Evans blue (CAS No. 
314-13-6) and TTC (CAS No. 298-96-4) were purchased in 
pure form from the HiMedia chemical laboratory. 

Cytotoxic i ty  in  All ium cepa
For making fresh stock solution, 0.1 g of  both colorants 

were dissolved in 100 ml of  distilled water. Different con-
cen tra tions of  the colorants, viz, 0.005, 0.01, 0.05 and 0.1 % 
(w/v) were prepared. Distilled water and hydrogen peroxide 
(0.1 %) were taken as the negative control (NC) and positive 
con trol (PC) respectively. Mitotic index and the percentage 
of  abnormal cells are the two important parameters, which 
are calculated using the following formulae:

Mitotic Index = Number of  dividing cells  × 100 
                            Total number of  cells

Abnormality Percentage = Number of  aberrant cells × 100 
                                             Total number of  cells

Rooted bulbs were treated with various concentrations of  
colorants at different time intervals such as half  an hour, 1, 
2 and 24 h. They were washed thoroughly and immediately 
fixed in modified Carnoy’s fluid (1 acetic acid: 2 alcohol) for 
1 h. The root tips were washed and hydrolysed in 1N hyd ro-
chlo ric acid for 5–10 minutes to separate the cells during squa-
shing. The root tips were then washed and stained with 2 % 
acetocarmine for 4 h. Destained with 45 % acetic acid, squa-
shed and mounted on clean microslides. Slides were ob ser ved 
under the microscope, Leica DM 2000 LED, Germany. 

In  s i tu  v isual izat ion of  cel l  death and 
metabol ic  act iv i ty

For the visualization of  cell death, root tips were trea ted 
with different concentrations for 24 h. The roots were stai-
ned using 0.25 % (w/v) Evans blue solution for 15 min and 
followed by washing with distilled water (Baker & Mock 
1994). Roots with dead cells were macro-photographed 
for the qua litative estimation. Afterwards ten root tips with 
equal length (10 mm) were excised and soaked in 3 ml of  
N, N-dimethylformamide for 1 h at room temperature. The 
ab sor bance of  Evans blue was detected at 600 nm. 

The metabolic activity was analysed by placing the 
trea ted bulbs in 0.5 % 2,3,5-triphenyl tetrazolium chloride 
(TTC) and kept at 35 ± 1°C for 15 min in the dark. For 
qua li tative estimation root tips with equal length (10 mm) 
were ex cised and placed. Subsequently root tips were 
washed with distilled water and photographed. The colored 

compound released by soaking with 95 % ethanol was used 
to measure the absorbance at 490 nm (Shimadzu, Japan).

Stat ist ical  analys is
The data obtained throughout the work were subjected 

to statistical analysis using IBM SPSS Statistics Version 20. 
The data obtained were analysed in One-Way ANOVA 
followed by the Duncans Multiple Range Test (DMRT) to 
con firm the variability of  data and validity of  results. All 
the values were expressed in mean ± standard error. The 
sta tis tical significance was determined with p < 0.05, which 
is considered significant.

R E S U L T S
Severe cytotoxicity was observed in Allium cepa root 

tips trea ted with the selected two synthetic colorants. 
Both clasto ge nic and non-clastogenic abnormalities were 
induced by dif fe rent concentrations of  the food colorants 
(Figs 1, 3). A do se dependent reduction mitotic index was 
observed. The ab nor mality percentage of  the treated roots 
was found to be higher than that of  negative control, which 
revealed the to xicity of  both food colorants (Tables 1, 2). 

In the Evans blue staining technique, both colorants 
gave prominent cell death which was dose dependent (Figs 
2A, 4A). In both the food colorants, maximum cell death 
was observed in the concentration of  0.1 %. The expedient 
color gradation reveals that the percentage of  cell viability 
in brilliant blue is less than that in fast green. 

The effect of  mitochondrial activity decreases, when the 
A. cepa roots were treated with brilliant blue and fast green. 
In both colorants, positive control showed highest in hi bi-
tion of  metabolic activity. Positive control shows 0.0327 ± 
0.0005 and 0.0424 ± 0.0003 cell viability in the treatment 
of  brilliant blue and fast green respectively. Highest 
stain uptake can be observed in the lowest concentration 
(0.0125 %), so when concentration increases stainability 
decreases. The in ten sity of  stain uptake in A. cepa roots are 
very less because the roots show drastic cell death when 
they were treated with food colorants (Figs 2B, 4B)

D I S C U S S I O N
The cytotoxic effect of  selected synthetic food colo-

rants (Brilliant blue and fast green) was evidenced by an in-
cre dible lowering of  mitotic division in Allium cepa root tip 
meristematic cells and shows a considerable rise in ab nor ma-
lity. Cytotoxic studies gave so many cytogenetic aberrations, 
pin pointing cell death. Treated cells showed cytoplasmic 
dis in teg ration, nuclear vacuolation, cytoplasmic shrinkage, 
re ceding of  cytoplasm, nuclear fragmentation, cytoplasmic 
vacuo lation, enucleated cells, ghost cells, cytoplasmic brea-
kage and nuclear disintegration. A similar food colorant 
in duced mitotic inhibition was reported earlier (Prajitha & 
Thoppil 2016). 

The Allium model used to possess the ability to interact 
with mutagenic agents during its cell cycle and also to de ter-
mine the cytotoxic and genotoxic effects of  harmful che mi-
cals (Fiskesjo 1997, Nithyameenakshi et al. 2006). The pul-
ve risation of  chromosomes is due to the premature con den-
sa tion of  chromosomes as a result of  the action of  chemical 
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sub stances found in the extract (Knuutila et al 1981). The 
nor mal organization of  chromatin in the nucleus and chro-
mo some segregation is genetically controlled (Franklin & 
Cande 1999). Chromosome stickiness was one of  the most 
fre quent ly scored abnormality and it was observed in almost 
all the treatments in the present study. Stickiness is due to the 
dis tur bances in the nucleic acid metabolism of  the cell (Dar-
ling ton 1942). Stickiness has been interpreted by many to be 
the result of  depolymerisation of  DNA (Franklin & Cande 
1999), partial dissolution of  nucleoproteins (Kaufmann 

1956), breakage and exchange of  basic folded fibre unit of  
chromaids (Klasterska et al. 1976) and stripping of  protein 
covering of  DNA in chromosomes (Stephen 1979). It may 
be due to the action of  the extract on the protein, which 
forms an integral part of  chromosomes (El-Sadek 1972).

The sticky nature of  chromosomes is probably due to 
the he te ro chromatinisation resulting in denaturation of  
nucleic acid and thus making the chromosome contour ad-
hesive (Grundmann 1966). Induction of  stickiness is some-
times manifested as the cytotoxic effect of  the che mi cal 

Figure 1 Cytological aberrations induced in Allium cepa root meristem with the effect of  brilliant blue: a – double nuclear lesion at interphase, b 
– lesion at prophase, c – chained metaphase, d – chromosome clumping at metaphase, e – chromosome gapsat early metaphase in a polyploid 
cell, f  – chromosome disintegration, g – cytostasis at metaphase, h – ghost cell formation at metaphase, i – hypercondensation at metaphase, 
j – pole to pole metaphase, k – pole to pole sticky metaphase, l – stellate metaphase, m – chromosome bridges at anaphase, n – coagulated 
anaphase, o – equitorial separation at anaphase, p – shift in MTOC during anaphase, q – sticky anaphase, r – unequal separation at anaphase, 
s – unipolar movement at anaphase in a hypoploid cell, t – shift in equitorial plate, u – tropokinesis, v – hyperchromasia at interphase showing 
cytoplasmic vaculation, w – nuclear fragmentation and extrusion of  chromatin, x – strap cell showing cytoplasmic shrinkage; scale bar – 10µm
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substances (Panda & Sahu 1985). Electron microscopic stu-
dies demonstrated stickiness as a chromatid type aberration 
(McGill et al. 1977, Klasterska et al. 1976). Stickiness may 
result from the entanglement of  chromatin fibres, which 
fail to condense properly in preparation for mitosis (McGill 
et al. 1977). There could be some substances present in 
the food colorant, which affect the DNA structure in the 
A. cepa root tip meristem perhaps resulting in physical de po-
ly me risation of  DNA. This together with or without partial 
dissolution of  nucleoprotein could account for stickiness 
of  chromosomes (Mercykutty & Stephen 1980).

In Evan’s blue staining method, a considerable increase 
in cell death was observed. Cell death is a marker of  cyto to-
xi city, and it was confirmed by Evan’s blue staining method 

on the basis of  its penetration to non-viable cells (Panda et 
al. 2011). Intensity of  dye absorbed by root cells was di rect-
ly propotional to the cell death (Fig. 4); which could be seen 
within a few minutes after the treatment based on the result 
reported by (Achary et al. 2008) 

A significant inhibition of  metabolic activity can be ob-
ser ved in the TTC assay. The cleavage of  triphenyl tetra-
zo lium chloride into red colored triphenyl formazan de ri-
va tive by living cells is the principle of  the TTC assay. The 
re duc tion of  TTC only take place in metabolically active 
cells, the level of  activity is a measure of  the viability of  the 
cells (Prajitha & Thoppil 2017). The present study confirms 
the cytotoxic nature of  the synthetic food colorants. So, the 
usage of  food colors may lead to many lifestyle diseases.

Table 1. Effect of  different concentrations of  Brilliant blue on Allium cepa root meristem at different time periods 

Treatment Time period (h) No. of  dividing 
cells/1000

No. of  abnormal 
cells/1000 Mitotic index % ± SE Abnormality % ± SE

Negative 1/2 833 123 83.3333 ± 0.72648a 14.7153±0.03426c

1 861 95 86.1667 ± 1.48137 a, b 11.1612±0.14473b

2 885 97 88.5000 ± 0.57735b 10.3735±0.30153a

24 891 92 89.1667 ± 0.44096b 9.8885±0.34389a

Positive 1/2 316 617 31.6667 ± 1.66667a 61.7000 ± 1.37961a

1 333 604 33.3333 ± 303333a 60.4000 ± 0.95394a

2 350 665 35 ± 2.88675a 66.5667 ± 3.19235a

24 366 646 36.6667 ± 4.40959a 64.6667 ± 1.07445a

0.005% 1/2 686 385 68.6667 ± 2.02759a 38.5333 ± 0.93868a

1 776 391 77.6667 ± 1.45297 b, c 39.1000 ± 2.08167a

2 823 465 82.3333 ± 1.45297d 46.5667 ± 1.44952b

24 723 466 85 ± 2.64575d 46.6333 ± 1.44491b

0.01% 1/2 653 440 65.3333 ± 2.40370a 44.0333 ± 2.19418a

1 743 473 74.3333 ± 1.45297 b, c 47.3000 ± 1.05987 a, b

2 791 524 79.1667 ± 0.60093 c ,d 52.43333 ± 1.08985b

24 693 521 82.6667 ± 2.60342 d 52.1667 ± 1.67564b

0.05% 1/2 635 569 63.5 ± 2.36291a 56.9000 ± 0.15275a

1 723 571 72.3333 ± 1.45297 a ,b 57.1333 ± 0.77960a

2 776 544 77.6667 ± 0.60093b 54.4667 ± 1.97005a

24 666 541 81.3333 ± 2.90593b 54.1333 ± 2.17128a

0.1% 1/2 631 572 63.1667 ± 3.65529a 57.2000 ± 1.50997a

1 653 576 65.3333 ± 0.33333 a, b 57.6667 ± 1.39204a

2 761 596 76.1667 ± 0.72648 a, b 59.6333 ± 1.63333a

24 628 600 77.5 ± 5.20416b 60.0000 ± 3.65923a

SE, standard error. Means within a column followed by the same letters are not significantly different (p<0.05) as determined by DMRT

Figure 2 Effect of  food colourant (Brilliant blue) on cell viability and mitochondrial function (C). A – Evans blue staining technique: effect of  
food colorant (brilliant blue ) on cell viability; graph and figures showing a significant dose-dependent increase in celldeath. B – TTC staining 
technique; graph and figures showing dose-dependent decrease in mitochondrial activity. Same letters above columns in the histogram mean 
no significant difference (p<0.05) as determined by DMRT
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C O N C L U S I O N
Synthetic food colors are one of  the major ingredients 

in the modern fast-food items. So today the availability of  
such food colors is increasing day by day. Brilliant blue and 
fast green are the two important food colors used to pre-
pare blue and green colored food items respectively. The 

pre sent study is mainly focused on the cytotoxic activity of  
these two food colorants. Cytotoxic study showed the con-
si de rable decrease of  mitotic index which may reveal the 
to xi city of  the colorants. So, the frequent usage of  such 
syn the tic food colors may lead to several lifestyle diseases.

Figure 3 Cytological aberrations induced in Allium cepa root meristem with the effect of  fast green; a – single nuclear lesion, b – formation 
of  lesion at prophase, c – ball metaphase, d – pulverised metaphase in a hypoploid cell, e – chromosome erosion at early metaphase, 
f  – chromosome fragment at metaphase in a hypoploid cell, g – diagonal metaphase in a hypoploid cell, h – diagonal stathmo anaphase 
showing multiple bridges, i – diagonal sticky metaphase, j – disturbed metaphase, k – pulverised metaphase, l – scattered metaphase showing 
chromosome erosion; scale bar – 10µm
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