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Introduction
Dyes are estimated that globally, approximately 10,000 tons 

of synthetic dyes enter in the aquatic ecosystems.1 The dyes can 
adhere to compatible surfaces by solution, by forming covalent 
bond or complexes with salts or metals, by physical adsorption or 
by mechanical retention. Reactive dyes (e.g. textile dyes) are known 
to be highly water-soluble, poly aromatic molecules that are non-
degradable and cannot be absorbed well by biological solids.2 Textile 
manufacturing is one of the most polluting industrial sectors because 
of the release of potentially toxic compounds, such as synthetic 
dyes, into the environment. Depending on the class of the dyes, 
their loss in wastewaters can range from 2% to 50% of the original 
dye concentration. Consequently, uncontrolled use of such dyes can 
negatively affect human health and the ecological balance.3 Their 
effects are on both environmental and human health, synthetic dyestuffs 
are an important environmental concern.4 RB5 is of intense necessity 
to remove dyes from wastewater effectively to ensure safe discharge 
of treated liquid effluent into water bodies.1 In the textile industry, up 
to 200,000 tons of these dyes are lost to effluents every year during the 
dyeing and finishing operations, due to the inefficiency of the dyeing 
process.5 Recently, the zebrafish has become a prominent vertebrate 
model for assessing the toxicity of drugs and chemicals.6 Therefore, 
in this study, RB5 shown in Figure 1 induced dependent exposure 
and teratogenice alterations on zebrafish embryos. The genotoxicty 
of different hours of post fertilization 12 to 96 hpf such as survival, 
hatching, heart beat rate and delayed malformation. However RB5 
induced zebrafish embryos cause a lethal effect at 48 and 72 hpf.

Figure 1 The structure of reactive black 5 (RB5).

Materials and methods
Reagents 

The dye Reactive Black 5 (98 % purity) and Acridine Orange (AO) 
chemicals were obtained from Sigma Aldrich chemical company (St 
Louis, MO, USA). All other chemicals used were of analytical grade 
and highest purity available from commercial sources.

Zebrafish embryo collection and maintenance

The adult type zebrafish were commercially purchased from local 
aquarium market. Zebra fish were maintained in a 50 L glass tank at 
temperature of 26±1οC with 14:10 hrs light/dark. Subsequently fed 
with commercial spirulina micro pelleted food. The zebrafish ratio 
about 1:2 (female: male) were allocated for breeding in a well meshed 
chamber.7 Subsequently fed with commercial spirulina micro pelleted 
food. The spawning is triggered once the light is turned on at that time 
of light source illumination and completed within 30 mins fertilized 
eggs were collected after spawning and rinsed in distilled water. The 
fertilized eggs without any abnormalities were taken and maintained 
in E3 medium.8

Experimental schedule

The eggs were randomly distributed in to 6 groups in a six well 
plate (n=30 embryos per well). The embryos in group 1 served as 
control maintained in E3 medium. The embryos in group 2-6 were 
exposed with varying concentrations of Reactive Black 5 (RB5) (1, 
2.5,5,10 and 25 mg L-1 in E3 medium) for 96 hrs and 50 % of the 
medium replaced with fresh medium on every 24hrs. The zebrafish 
embryo development was observed directly under light microscope 
(Magnus-MLXi, Olympus, Japan) for every 12 hrs interval.

Zebra fish embryo toxicity Assay

The Reactive Black 5 exposure, we investigated the developmental 
toxicity profiles such as survival, embryo malformation, hatching and 
heart rate were monitored at 12 hrs time intervals up to 96 hpf.9 Survival 
was identified as resting state of heartbeat, failure to develop somite 
and a non-detached tail. Morphological deformities were examined 
under a light microscope. The hatched out larva were analyzed for 
apoptotic analyzed. The development of blastula stage eggs were 
monitored at above mentioned specified time points after fertilization. 
Then observation was prolonged until the time of hatching for the 
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Abstract

Reactive Black 5 (RB5) dye is one of the most commonly used synthetic reactive dyes in 
textile, pharmaceutical, food, cosmetics, plastics, photographic and paper industries. RB5 
induced dose dependent (1, 2.5,5,10,25 mg L-1) exposure and teratogenice alterations on 
zebrafish embryos were analyzed. The Genotoxicty effect of RB5 on zebrafish was studied 
at different hours of post fertilization from 12 to 96 hpf such as survival, hatching, heart 
beat rate and delayed malformation have been studied. However RB5 cause a lethal effect 
at 48 and 72 hpf on zebrafish embryos. Different concentrations (1, 2.5,5,10,25 mg L-1) 
of RB5 treated with zebrafish larvae have showed significant abnormalities in Tissue 
ulceration (TU), Tail deformity (TD), Eye defect (E), Yolk sac edema (YSE), Pericardial 
edema (PE), Bent Spine (BS). The apoptotic inducing of RB5 in the 25mgL-1 concentration 
were showed severe cell death induced in heart and yolk sac region at 48, 72 and 96 hpf. 
In conclusion, treatments of RB5 at higher concentrations have exhibited lethal impact on 
zebrafish embryos.
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different exposure groups. Endpoints used for assessing the effects of 
survival, hatching, malformation and heart beat rates were also noted 
and described among the juveniles from both control and treated 
groups were observed under a light microscope.

Apoptotic detection by acridine orange staining

Apoptosis inducing capacity of Reactive Black 5 was analyzed 
by acridine orange (AO) staining.10 After exposure to Reactive Black 
5 for 96 hours post-fertilization, the embryos were washed twice 
with embryo medium (E3) followed by exposure to 10μl acridine 
orange solution (5.0 μg/ml in E3 medium) for 20 minutes at room 
temperature. The embryos were washed with E3 medium and the 
apoptotic bodies were examined under a fluorescent microscope with 
an emission range of 525nm (Magnus-MLXi, Olympus Japan).

Statistical analysis

Data were analyzed using the statistical package Graphad Prism 
version 5.0. The IC50 values were calculated. Data for toxicity tests 
RB5 values are expressed as mean±SEM in three independent 
experiments. A One way and two way ANOVA of Dunnets multiple 
compare the differences between treatment and control groups. 
Differences were considered statistically significant p<0.05.

Results

RB5 modulates survival rate on zebrafish embryo

The survival of zebrafish embryos after exposed to different 
concentration of RB5 was determined at specific time intervals (12, 
24, 36, 48, 60, 72, 84, and 96 hpf) was shown in Figure 2. Exposure 
to RB5 at lower concentrations (<5mg L-1) caused mild alterations in 
survival rate whereas, embryos exposed with higher concentrations 
(>5mg L-1) showed drastic reduction in survival rate when compared 
to control. Since, the variations in survival rate was not observed in 
embryos maintained in medium alone. The concentration required 
to inhibit 50 % (IC50) embryo survival was achieved at 0.5171 mgL-

1. These results depict the direct interference of RB5 on zebrafish 
embryo by modulating the normal survival rate.

Figure 2 Effect of RB5 on survival rate of zebrafish embryos over 96hpf. 
Values are expressed as mean±SEM (n=3).

Delayed hatching rate of RB5 on zebrafish embryo

Hatching success of all control and RB5 post-treated zebrafish 
embryos were illustrated in Figure 3. The RB5 treated embryos 
showed a dose dependent delayed hatching rate when compared to the 
control group. RB5 treated zebrafish embryo at higher concentration 
such as 10 and 25mg L-1 showed significantly (P<0.05) delayed in 
hatching success whereas, embryos maintained in medium alone not 
showed any defective variations.

Figure 3 Graph represents the hatching rate of zebrafish embryos exposed 
to RB5 for 96h. Values are expressed as mean±SEM (n = 3).

Effects of RB5 on heart beat rate 

Cardiac function hindrance capacity of RB5 dye stuff on all 
experimental zebrafish embryos at specific time intervals (48 and 
84 hpf) was shown in Figure 4. Control embryos exhibits normal 
functioning of heart beat. Embryos exposed with lower concentration 
of RB5 (1, 2.5mg/L) showed no variations in heart rate whereas, 
reactive dye exposed with higher concentration significantly (P<0.05) 
induces reduced heart rate when compared to control group.

Figure 4 Graphical representation elucidates the measurement of heart beat 
rate after exposed to RB5 on zebrafish embryos at specific time intervals 
48 and 84hpf. Values are expressed as mean±SEM (n = 3) and the values are 
statistically significant at P<0.05 by dunnett’s test. Comparisons aP<0.05 vs 
control; #non-significant vs control group.

Effect of RB5 on phenotypic alterations

The developmental deformities induced by RB5 at dose-
dependent levels on zebrafish embryos as shown in Figure 5. Control 
embryos showed normal appearance of morphological development 
without any sign of abnormalities. The embryos treated with lower 
concentrations of RB5 (1, 2.5 & 5.0 mg L-1) showed mild alterations 
such as Tissue ulceration (TU), Tail deformity (TD), Eye defect (E), 
Yolk sac edema (YSE), Pericardial edema (PE), Bent Spine (BS). 
However, higher concentration of RB5 (>10mg L-1) showed highly 
reproducible pattern of above mentioned deformities, when compared 
to control. This result suggests that multiple or targeting capacity of 
RB5 dye on zebrafish embryos affected more severe and higher rates 
of deformity.
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Figure 5 Photomicrograph representing the developmental deformities induced by RB5 on zebrafish embryos between 24 to 96 hpf. Blue arrow show tissue 
ulceration (TU), Tail deformity (TD), Eye defect (E), Yolk sac edema (YSE), Pericardial edema (PE) and Bent Spine (BS) were seen (Magnification 4x).

RB5 induces apoptotic patterns on zebrafish larvae

The apoptotic inducing capacity of RB5 on all experimental 
embryos after stained with acridine orange (AO) was shown in the 
figure 6. No appearance of apoptotic cells was observed in control 

larvae at 96 hpf. RB5 treated cells at 5, 10 and 25mg L-1 showed a 
considerable number of apoptotic cells as shown in green fluorescent, 
mainly around in yolk sac and heart regions, which represent its 
apoptotic inducing ability of RB5 after 96 hrs. The presence of bright 
green region indicates the presence of apoptotic cell death.

Figure 6 Apoptotic inducing capacity of RB5. Apoptotic cells stained with AO appeared mainly in the tail and body region. Apoptotic cells and abnormalities 
are indicated by arrows.
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Discussion
The potential hazards of textile effluent to ecosystems and 

human health have aroused great concern since textile effluents 
usually contain some toxic substances, such as additives, detergents, 
surfactants and dyes, which are carcinogenic, mutagenic or teratogenic 
to various organisms.11 RB5 is a commercial azo dye used for dyeing 
of cotton fibers and are the most important class of synthetic organic 
dyes but the toxicological database of RB5 is not yet proven. This 
study investigated the effects of Reactive Black 5 (RB5) exposure on 
early developing zebrafish embryos. It was revealed that exposure to 
low doses of RB5 (≤ 5 mgL-1) did not significantly affect the embryos’ 
survival or cause obvious malformation during the embryonic stages 
(96 hpf). However, exposure to higher concentrations of arsenate 
(≥5 mg L-1) reduced survival and caused changes in embryonic 
development, including delayed hatching, reduced growth and 
impairments in heart beat function.12 In this study, we noticed 
significantly declined hatching rates upon exposure to RB5, which 
might have been due to alterations in the cleavage enzymes produced 
by hatching glands in chorionic region. 

The retardation in hatching rate might be due to disturbance of the 
hatching enzyme that is produced by a hatching gland embedded in 
the chorionic sac resulting in the shortage of oxygen supply essential 
to the development of embryos. Several lines of evidence addressing 
the same line of mechanism behind hatching failure.13,14 It has been 
documented that equilibrium between cell proliferation and apoptosis 
is a key factor in embryogenesis, and it can reflect the dynamic 
aspects of the development of the neural tube and lengthening of the 
trunk and tail.15 In this study, we found that the RB5 treated embryos 
displayed abnormal cell proliferation and apoptosis in the heart 
and yolk sac regions, where the cardiac effects were verified. This 
suggests that the abnormal cell proliferation and apoptotic bodies 
may partly account for the heartbeat defects. Several reports stated 
that exposure to synthetic textile dyes potentiated DNA damage and 
inhibit DNA repair by generation of reactive oxygen species (ROS) 
and inhibition of DNA ligase.16 Although the concentration of RB5 
that we determined to be toxic is greater than that commonly reported 
in the environment, we believe our results are of importance and merit 
further study because of the increased use of RB5, and its increasing 
frequency of detection in the environment, making it a potentially 
significant source of future toxicity in other vertebrates.

Conclusion
In conclusion the present study shows that RB5 could effectively 

cause severe abnormalities on zebrafish embryos at the concentration 
above 10 mg L-1 as it was evidenced by severe abnormalities, altered 
survival, hatching success, and Heart beat rate. This study revealed 
the induction of toxicity by the textile dye Reactive Black 5 to the 
zebrafish embryos. Consequently, dyes have to be removed in dye 
wastewater before discharge because of its toxic efficacy.
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