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ABSTRACT

The present work was undertaken to study the cytotoxic effect of four active dyes against Artemia salina Leach. A
simple zoological organism Artemia salina was used for cytotoxicological evaluation and probit analysis was
applied to calculate median lethal concentration (LCsgy) values. The dyes were Reactive T Blue (S;), Orange ME2R2
(S,), Yellow 24 (S3) and Turquoise Blue G (S,). The Orange ME2R?2 (S,) was found to have most cytotoxic with LCjs
of 12.50 ppm among the dyes. Reactive Turquoise Blue (S;) exhibited almost similar LCsyvalue (13.48 ppm) to
Turquoise Blue G (S,) having LCsy value with 13.89 ppm. The last one Yellow 24 (S;) gave the value at 15.44 ppm.
The rank order of toxicity of the four dyes against Artemia salina was S,>S;>S,>S;.

1. INTRODUCTION

Colour is used in foods and beverages to make them more attractive to increase consumer's acceptability. Synthetic
food colours are substances of chemicals which do not synthesize in nature and have been made by human. These
colour were water soluble and can be used in food without any further processing (Bachalla, 2016). The healthy life
of human depends on healthy foods as well as food safety. But unethical practice of textile dyes as adulterant
damages the safety of food chain (Rahman ez al., 2017). Synthetic textile colours are often preferred over natural
colours today because those foods are less expensive and more stable. Nowadays, the textile dyes are added to
various food products. The presence of synthetic textile colors in different types of food items are detected by Zheng
et al. (1993). The textile colorant is not only used in commercial food production and in domestic cooking but also
used in pharmaceutical formulations. Synthetic dyes are present in our daily life and their usage is continuously
growing up. Dyes have been widely used as colorants in different industries such as textile, paper, pharmaceutical,
food, cosmetic, etc. presented by Zheng et al. (1993). Producers and users of dyes are interested in stability and
consequently, are producing dyes which are more difficult to degrade after application described by Shen et al.
(2009). Large quantities of colored wastewater are discharged from the dyeing process with strong persistent color
that is aesthetically and environmentally unacceptable reported by Annadurai and Krishnan (1997). Synthetic food
colors were able to inhibit the normal flora reported by Sadar et al. (2017). Some of the dyes are toxic and even
carcinogenic to aquatic organisms demonstrated by Mahmoodi and Arami (2009). During the reactive dyeing of
cotton, salts including sodium chloride are placed in a dye bath to aid the exhaustion of various dyes onto the fabric,
while bases are added to raise the pH from 7 to 11 to achieve fixation. Consequently, many raw materials are lost in
the waste stream ending up in the environment as pollutants described by Ranganathan et al. (2007). When any dye
is added to food or drink, then that pigment or substance is called food coloring. They come in many forms
consisting of liquids, powders, gels and pastes. Food coloring is used both in commercial food production and in
domestic cooking presented in C.F.R. 2012. The main routes of human exposure to azo dyes identified are i) oral
ingestion, mainly referring to the sucking of textiles by babies and young children, ii) dermal absorption, the route of
primary concern for consumers wearing azo compound-dyed products, as well as for workers in dye production and
use plants and iii) inhalation, a route of concern for workers in dye production and use industries as well as those
handling newly dyed products. Contact with aromatic amines entering the environment through the whole life-cycle
of azo dyes in colored clothes is an additional potential source of human exposure which is not discussed in the
report. Symptoms of asthma, rhinitis and dermatitis have been frequently detected in workers exposed to reactive
dyes reported by Kobylewski and Jacobson (2012). Dyes containing anthraquinone or azo structures are known to
cause contact dermatitis presented by Grag et al. (2003). The result of a clinical and immunological investigation of
respiratory disease indicated that about 15% of 400 workers handling reactive dyes experienced work-related
respiratory and nasal symptoms reported by Sirianuntapiboon and Srisornak (2007). Many studies have also found
statistically significant relationships between reactive dyes and increasing immunoglobulin blood values in workers
who have been contact with these dyes stated by Parket et al. (1991). So far we know that the reports on cytotoxicity
of active dyes are very limited. The present study has been undertaken to check the citotoxicity of four active dyes
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such as Reactive T Blue (S;), Orange ME2R2 (S,), Yellow 24 (S3) and Turquoise Blue G (S;). In the in vivo bio-
screening methods of cytotoxicity measurement, brine shrimp lethality bioassay is a comparatively simple and
widely acceptable technique. A simple zoological organism Artemia salina Leach is used for conventional
monitoring the toxicity of tasted bioactive compound(s) reported by McLauglin (1991).The shrimp lethality assay
was proposed by Michael ef al. (1959) and later developed by Vanhaecke et al. (1981) and Sleet and Brendel et al.
(1983). It is based on the ability to kill laboratory—cultured brine shrimp (Artemianauplii). The assay is considered a
useful tool for preliminary assessment of toxicity presented by Solis et al. (1993) and it has been used for the
detection of fungal toxins stated by Harwig and Scott (1971), plant extract toxicity reported by Mclauglin et al.
(1991), heavy metals toxicity described by Martinez et al. (1998), cyanobacterial toxins presented by Jaki et al.
(1999) and cytotoxicity testing of dental materials reported by Pelka et al. (2000).The textile dyes, Reactive T Blue
(S;), Orange ME2R2 (S,), Yellow 24 (S;) and Turquoise Blue G (S,;) were used in food coloring. Active dyes have
been widely used as colorants in different industries such as textile, paper, pharmaceutical, food, cosmetic, etc.
There are different food grade dyes used in various food manufacturing across the whole world. The common and
available dyes are Blue #1 Brilliant Blue, Blue #2 Indigo Carmine, Citrus Red 2, Green 3, Orange B, Red 3, Red 40,
Yellow 5, Yellow 6. These biological data prompted us to investigate the cytotoxic nature of commercially available
synthetic Reactive T Blue (S;), Orange ME2R2 (S,), Yellow 24 (S;) and Turquoise Blue G (S,). Toxic nature of
compounds against Artemia salina often indicates toxicity to other normal cells and to assess the toxic properties of
these textile dyes we have studied their effects in different concentration against brine shrimp.

2 MATERIALS AND METHODS

21 Preparation of simulated seawater

Thirty eight grams of sea-salt (noniodized, NaCl) was weighed accurately, dissolved in one liter of sterilized distilled
water and then filtered off to get clear solution. The pH of the seawater was maintained between 8 and 9 using NaHCO;
solution.

2.2 Hatching of brine shrimp eggs

Artemia salina Leach (brine shrimp eggs) collected from the pet shop was used as the test organism. Simulated
seawater was taken in the small tank and the shrimp eggs (1.5 gm/L) were added to one side of the tank and this side
was covered. The shrimps were allowed for two days to hatch and mature as nauplii (larvae). Constant oxygen
supply was carried out during the hatching time. The hatched shrimps were attracted to the lamp on the other side of
the divided tank through the perforated dam. These nauplii were taken for this bioassay.

23 Preparation of the test sample solution

The four textile dyes, Reactive T Blue, Orange ME2R2, Yellow 24 and Turquoise Blue were collected from local
market and maintained at room temperature. Thus a concentration of 10 pg/ul was obtained which was used as stock
solution. From the stock solutions 2.5, 5.0, 7.5, 10, 20 ul were placed in 5 different vials making the volume up to 5
ml by NaCl solution. The final concentration of the samples, in the vials became 2.5, 5.0, 7.5, 10 and 20pg/ml,
respectively. 30 brine shrimp nauplii were then placed in each vial. For the control test of each vial, one vial
containing the same volume of water up to 5 ml was used. After 24 hours of incubation, the vials were observed
using a magnifying glass and the number of survivors in each vial were counted and noted. The resulting data were
transformed to the probit analysis for the determination of LCs, values for the dyes presented by Finney (1971).

2.4 Application of brine shrimp nauplii

With the help of the Pasteur pipette 30 living nauplli were added to each of the vials containing 5 ml of simulated
sea-water. A magnifying glass was used for convenient counting of the nauplii. If the counting of 10 nauplii was not
be possible accurately, then a variation in counting from 9-11 might be allowed.

2.5 Counting of nauplii

After 24 hours from the treatment the vials were observed using a magnifying glass and the number of survived
nauplii in each vial were counted and recorded. From this data, the percentage (%) of mortality of the nauplii was
calculated for each concentration of the sample.
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2.6 Statistical analysis

Probit analysis was used to analyze data from bioassay experiments. In toxicity study on Artemia salina Leach, the
brine shrimp nauplii were typically exposed to several concentrations of a tested compound to determine the
concentration that will kill 50% of shrimps within a given time span. In the present study, we also used probit
analysis in IBM compatible computer to calculate LCs, values of the tested compounds S; S, S; and S,The
compounds S, was found to have most cytotoxic with LCs, of 12.50 ppm among the textile dyes.

3 RESULTS AND DISCUSSION

Results of toxicity study on Artemia salina were obtained after probit transformation of the resulting morality data
for S; S, S;and S,and antimicrobial agent ampicillin tryhydrate were cited in the tablel, 2, 3, 4, Sand 6. The LCs,
values of the compounds S,, S, S; and S, were found to be 13.48, 12.50, 15.44 and 13.89 ppm respectively (Table
6). In the previous literature, Gallic acid was found to have LC50 value of 4.53 presented by Sarker et al., (1998)
and which was used as standard to assess cytotoxicity of plant extract. In this present investigation we used
ampicillin trihydrate as standard and it was interesting finding that the LCs, value of this standard (5.14 ppm) was
almost shrimp lethality bioassay was reported at 0.4 1ppm reported by Sheikh ez al. (2004). By correlating this data
of bleomycin with the tested dyes S, S; and S, it was indicative that cytotoxicity and its mechanism of the three
tested compounds were significantly different than the bleomycin.

Tablel: Probit mortality data of S, against Artemia salina Leach

Final

safnesltes Dose  L°%  Number Kill %Kil C;)“ p]iggt plizg; p\:(’)rbkit Weight  probit
25 039793 30 4 1333 13 387 3800 3873 1Ll 379

5 069896 30 7 2333 23 426 4280 4250 150 4265

s, 10 0999 30 8 26666 27 439 480 4220 188  4.700
15 L1176 30 13 4333 43 482 5100 4828 190 4.992

20 1301 30 17 5666 57 5.8 6496 6759  3.02 6478

Table 2: Probit mortality data of S, against Artemia salina Leach

Final

Test Log Weight  probit

Dose Number Kill %Kill Corr%  ©mp  Expt — Wrk
samples

dose probit probit probit

2.5 039793 30 1 26.60 27 4.39 4.193 4.436 4.71 4.1983
5  0.69896 30 6  20.00 20 4.16 4.411 4.180 16.74  4.4101
S, 10 0.87505 30 16 53.30 53 5.08 4.923 5.098 18.90  4.8328
15 0.99998 30 13 4333 43 4.82 5.000 4.662 19.23  4.9894
20  1.30101 30 23 93.30 93 6.48 6.208 6.383 3.70 6.1965

Table 3: Probit mortality data of S; against Artemiasalina Leach

Final

Safnesltes Dose ;(f’sge Number Kill % Kill C(?A)“ pﬁgg’it pﬁ;‘g; p‘xﬁ‘it Weight  probit
25 06989 30 5 1666 17 405 3954 4062 1215 39636

5 087505 30 7 2000 20 416 4.329 417 532 43265

s, 10 09998 30 8 2666 27 440 4573 4023 188  4.7120
15 130101 30 13 5660 57  5.18 5162 5165 634  5.1559

20 160204 30 19 7660 77 5.74 5.751 5734 532 57421

The textile dyes S, S;and S, were found to have very less harmful compounds as toxicity of these agents against
brine shrimp was very lower than the standard cytotoxic agent bleomycin. The tested another dyes S4 showed LCs
values of 13.89 ppm which was indicative of their very much lower toxicity against brine shrimp than the S; and S,.
The tested another dyes S; showed LCs, value of 15.44 ppm which was indicative of their very much lower toxicity
against brine shrimp than the S;, S, and S,. As higher LCs, value indicates lower toxicity so, these results indicated
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that the four textile dyes S;, S,, S; and S; were comparatively very much less toxic to Artemia salina. From the
results it was also clear that S;, S, and S, exhibited different cytotoxic property than S; against the brine shrimp
nauplli which indicates their different mechanism of cytotoxic actions.

Table 4: Probit mortality data of S, against Artemia salina Leach

Final

Test Log . %  Corr Emp Expt Wrk . .
samples Dose dose Number  Kill Kill % probit probit probit Weight  probit
2.5 0.69896 30 4 20 20 4.16 4.120 4.17 4.71 4.1243
5 0.30102 30 4 30 30 4.48 4.497 4.48 5.58 4.4950
Sy 10 0.69896 30 8 50 50 5.00 4.997 4.99 6.34 4.9851
15 0.99998 30 17 60 60 5.25 5.374 5.24 6.16 5.3558
20  1.30101 30 24 80 80 5.85 5.752 5.83 532 5.7265

Table 5: Probit mortality data of Ampicillin trihydrate against Artemia salina Leach

Final
Test Log . % o Emp Expt Wrk . .
samples Dose dose Number - Kill Kill Corr% probit  probit  probit Weight probit
1 0 30 6 20 20 4.16 4.120 4.17 4.71 4.1243
Ampicillin 0.30102 30 9 30 30 4.48 4.497 4.48 5.58 4.4950
b 0.69896 30 15 50 50 5.00 4.997 4.99 6.34 4.9851
trihydrate

10 0.99998 30 18 60 60 5.25 5.374 5.24 6.16 5.3558
20 1.30101 30 24 80 80 5.85 5.752 5.83 5.32 5.7265

Table 6: LCs, values after probit transformations of the mortality data of compounds S;, S,, S;, S4 and Ampicillin
trihydrate and reference value of standard Gallic acid and anticancer agent Bleomycin.

Compounds LCs 95% Confidence Limit Regression Equation : df
(ppm) (ppm) Lower - Upper

S 13.48 8.294 16.712 Y =2.2254+2.158X 2.520 S1

S, 12.50 10.389 14.384 Y = 2.19+1.112X 3.563 S2

S; 15.44 11.435 19.467 Y = 1.89+1.799X 1.337 S3

S, 13.89 11.892 15.765 Y = 2.45+1.658X 3.867 S4
Bleomycin 0.41 0.270 0.620 Y=3.16+2.990X 0.620 Bleomycin
Gallic acid 4.53 3.330 6.150 Y=3.93+1.620X 1.250 Gallic acid
Ampicillin 5.14 2.570 10.280 Y=4.12+1.230X 1.250 Ampicillin

Si=Reactive T Blue, S, =Orange ME2R2, S; =Yellow 24, S, =Turquoise Blue G

4 CONCLUSIONS

In the present study, observed almost similar toxic character of Reactive Blue (S;), Orange ME2R2 (S,), Yellow 24
(S3) and Turquoise Blue G (S;) which was an interesting finding. The Orange ME2R2 (S,) was found to have most
cytotoxic with LCsy of 12.50 ppm among the textile dyes. Reactive T Blue (S;) exhibited almost similar LCs, value
(13.48) ppm to Turquoise Blue G (S,) having LCs, value (13.89 ppm). The last one Yellow 24 (S;3) gave the value at
15.44 ppm. The rank order of toxicity of the four textile dyes against Artemia salina was S,>S;>S,>S;.Though the
cytotoxic potency of S;, S, and S, were found almost similar, so it indicated that they might have similar mechanism
of cytotoxicity. Though this is primary study, so further study will led the scientists to find the exact mechanism of
toxic effects of Sy, S,, S; and S, against Artemia salina which could be a valuable tool for to explore new type(s) of
cytotoxic agent(s).
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