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ABSTRACT KEYWORDS
Water-soluble azo dyes are extensively used in textileindustries and known Allium cepa;
to be amajor environmental pollutant. Toxicity analysis of the treated dye Cytogenotoxicity;
using Allium cepa root cells showed remarkable improvement in cell Oxidative stress;
viability, root length, mitotic index and chromosomal aberrations than that Phytotoxicity;
of untreated RR35. Decreased genotoxicity potential as DNA damage in Reactive Red 35.

cells was also observed in biologically treated dye. Induced superoxide
dismutase (SOD) activity and suppressed catalase (CAT) activity along
with increased lipid peroxidation, and protein oxidation indicated oxidative
stress in root cells exposed to the dye molecules. These symptoms were
abridged in root cells treated with biologically treated dye solution, which
indicates diminution of toxicity of the dye after treatment. Phytotoxicity
studies further reflected the decreased in toxicity of the dye after

biologica treatment.

INTRODUCTION

Increasing industrialization lead to
biomagnifications of xenobiotic compounds in the
environment has become amajor concern. Azo dyes
and its derivatives are the mgjor cause of environ-
mental pollutions, asthese are resistant against deg-
radation. Dueto wide structura diversity these dyes
are used extensively assubstratesin textile, leather,
plastics, papers, hair, mineral oils, waxes, food, and
cosmetics industries. Textile and dye processing
industries are major release of these dyes into the
environment. It was estimated that approx. 2,80,000
tons of textile dyes are released into the environ-
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ment through industrial effluent every year(.

Azo dyes meet the requirement of life to make
colorful. On the other handsit adversely affectsthe
aguatic, soil and atmosphere. Azo dyes and its de-
rivatives, majorly aromatic amine, have shown to
be responsible for human bladder cancer and tum-
origenic to variousanimalsand mutagenicto aquatic
life?, B, Increased irrigation of partialy treated in-
dustrial waste water adversely affects soil fertility
and destruction of important soil flora and fauna.
Accumulations of high concentration of solidsinthe
soil restrict the plant seed germination rate as well
asinhibit growth of root and shoot. It al so decreased
the chlorophyll content of plant leaves®. In many
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cases productsformed during the degradation of azo
dyes are more toxic than parent molecules and
present serious environmental problems?. Reactive
Red 35 (RR35), avinyl sulfone based monoazo dye
are proved hazardous to human as it is responsible
for causing skin, eyes and respiratory irritation.
Therefore, it is necessary to investigate the toxic
impact of dye after treatment before discharge into
the environment.

Higher plants are considered as biosensors to
evauate the toxic effects of environmental pollut-
ants and have been recommended as test organisms
by United Nationa Environmenta Program, USEn-
vironmental Protection Agency, and World Health
Organization®. Bioassays of Allium cepa, Vicia
faba, Lactuca sativ and Zea maysare used to evalu-
atethe cytogenotoxicity potential of treated wastel®.
The root tips are first to get exposed to pollutant
spread in soil and waterl®. A. cepa assay is highly
endorsed for assessment of treatment efficiency of
wastewater!”. The A. cepa assay iswiddly exploited
to study the cytotoxicity as well as genotoxicity of
environmental pollutants. Oxidative stressinduced
in plant cells due to the presence of pollutant like
the carcinogenic dye is also extensively studied®
E

The present study describes the toxic effect of
untreated RR35 and treated (metabolites obtained
after degradation with Pseudomonas aeruginosa
ARSK S20) dye solution by performing A. cepa as-
say and phytotoxicity assay on Sorghum vulgare,
Triticum aestivumand Phaseolus mungo. The com-
parative study determines the significant reduction
of toxicity potential inthe biotreated dye samplethan
native dye.

MATERIALSAND METHODS

Allium cepa assay
Test organism

Equal sized healthy A. cepa bulbs (18-20 cm di-
ameter) were used as test plant, procured from lo-
cal farmersof Sadra, Gandhinagar, India. Beforeuse,
the loose outer scales were removed and dry base
was scraped. The bulbs were set on test tube filled
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to top with distilled water for 48 h in the dark for
root development in moist condition. After devel-
opment of 2-3 cm roots, it was washed under run-
ning tap water for 5 min and subjected to dye treat-
ment. The experiment was done at room tempera-
ture (27 + 2°C) under 12 h light/dark cycles.

Dye treatment

Textile dye RR35 was obtained from Meghmani
Dyes and Pigment, Vatva, Ahmedabad, Gujarat (In-
dia). RR35 at 500 mg/L concentration and its me-
tabolites obtained after degradation with P.
aeruginosa ARSK S20 were used as test solutions.
The exposures for 5 d were administrated by plac-
ing A. cepa bulbson glasstest tubeswith roots dipped
in experimental solutions viz,, distilled water as a
control (set 1), 500 mg/L of RR35 (set 2), and me-
tabolites obtained after biodegradation of RR35 dye
(set 3). Each set consisted of 5 bulbs and the expo-
sure experimentswas done at room temperature (27
+ 2°C) under 12 h light/dark cycles. After the expo-
sure, the bulbs were removed and thoroughly washed
in running tap water for 5 min. Roots were then ex-
cised and proceed for measurements and biochemi-
cal anaysis.

Root length and cell viability

Theroot length (longest five roots per bulb) was
recorded”. Percentage cell viability from roots of
A. cepa was measured by Evan’s BLUE staining
method ™Y,

Cytotoxicity

Cytotoxicity study was performed by method re-
ported earlier® with modification i.e., using
acetocarmine instead of (2%) propano-orcein as
staining solution. Root meristems were chosen ran-
domly from each set and excised for fixation in
Carnoy solution (1:3 acetic acid:ethanol) followed
by hydrolysiswith 1N HCI at 60°C and washing with
distilled water. The root tips were stained with
acetocarmine and crushed by pressing and excess
stain was removed by washing with the distilled
water. Slide was prepared by adding a drop of 45%
acetic acid and covered with a cover dlip and ob-
served under the compound microscope at 40X mag-
nification (BA 210, Inkarp, India; 3MP Motic Cam-
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era). The mean value of root length, mitotic index,
and chromosomal aberrations in cells at various
phases of cell division were examined'9,

Comet assay (single cell gel electrophoresis)

To assessthe DNA damagein A. ceparoot cells
by RR35 and its metabolites, comet assay was car-
ried out by the methods described by single cell gel
electrophoresis method*®: ¥, Randomly chosen 25
nuclel were analyzed in the assay. To measure Tail
length (TL) and %DNA damage (%T) computerized
image analysis system (Comet version 1.5) was
used.

Lipid peroxidation, protein oxidation and antioxi-
dant enzyme status

Lipid peroxidation, protein oxidation and anti-
oxidant enzymes, namely superoxide dismutase
(SOD, E.C. 1.15.1.1) and catalase (CAT, E.C.
1.11.1.6), were measured by spectrophotometri-
calyt®,

Antioxidant enzyme assays were initiated by
adding aiquotsof enzyme extracts containing 50 pg
proteinsto 3 mL reaction mixture. Oneunit of SOD
activity was defined as the amount of the enzyme
that inhibited NBT reduction by 50% and expressed
in per mg protein per minute. CAT activity was ex-
pressed in nmol of H,O, utilized per mg protein per
min.

Lipid peroxidation was measured as the amount
of malondialdehyde (MDA) produced by the
thiobirbuteric acid (TBA) reaction. The concentra-
tion of MDA was cal culated using an extinction co-
efficient (e = 155 mM/cm) and expressed in nmol
per gram fresh weight (FW) of the root. Measure-
ment of protein oxidation was done by estimating
theamount of carbonyl content formed from themodi-
fication of 2, 4-dinitrophenyl hydrazine (DNPH) by
freeradical. Carbonyl concentration was cal cul ated
from the difference in absorbance at 380nm for
DNPH-treated (test) and HCl-treated (blank)
samples (e = 22 mM/cm) and expressed in nmol of
DNPH incorporated per mg of protein.

Phytotoxicity assay
Test plants
The plant seeds of S. wulgare, T. aestivum and
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P. mungo were acquired from the Seed Collection
Centre, Gandhinagar, Gujarat (India).

Dye treatment

RR35 at 2500 mg/L concentration and its me-
tabolites obtained after degradation with P.
aeruginosa ARSK S20 were used as test solutions

to perform phytotoxicity assay.
Phytotoxicity test

Healthy seeds of S vulgare, T. aestivumand P.
mungo were screened (10 seeds of each plant), and
irrigated daily with 10 mL of distilled water as a
control (set 1), 2500 mg/L solution of RR35 solu-
tion (set 2), and its extracted metabolites solution
obtained after its biodegradation (set 3). Percent
germination and lengths of plumuleand radical were
measured after 7 days”.

Satistical analysis

Datawere analyzed by one-way anaysisof vari-
ance (ANOVA) using Tukey—Kramer multiple com-
parison test.

RESULTSAND DISCUSSION

Allium cepa assay

A. cepa assay isthe most validated and reliable
test for in situ monitoring of the presence of genotoxic
and cytotoxic substances in the environment!(*3l,
Therefore cytotoxicity, comet assay, antioxidant en-
zyme status of RR35 and its biodegraded products
(metabolites) were evaluated at 500 mg/L concen-
tration.

Root length and per centagecell viability

Root length is considered as a macroscopic
parameter for testing cytotoxicity of thetextile dy€d®l.
In the present study, the root length was retarded by
23% in RR35 at 500 mg/L (TABLE 1). Only 3%
reduction in root length was observed in the treated
dye sample when compared to control. Thetoxicity
of RR35 stunted the growth, asfar astheroot length
is considered. Thetoxicity wasfairly reduced after
treatment with the biodegraded dye, as observed in
terms of theroot length. Root length reported to de-
crease by 15% when exposed to untreated Red
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TABLE 1 : Root length, percent cell viability and cytogenotoxicity towards A. cepa root cells exposed to RR35 dye
and its degraded products

Analysis Control RR35°% RR35 metabolites®
RL (cm) 6.7+ 0.1643 5.18 +0.1356 6.5+ 0.1844
% Cell viability 94.33+0.8819 53.66 = 2.028** 84.33+ 1.764%
MI* 7.83+ 0.2066 11.28+ 0.2556** 8.56 + 0.1643%
MN 0 2 0
CB 0 3 1
TA 2 16 6
Frequency of TA 0.0646 + 0.0161 0.7579 + 0.0409 0.2807 +0.0270
TCA 2060 2155 2137
TMO 161 243 183

a 500 mg/L, RL: root length; MI: mitotic index; MN: micronuclei; CB: chromosomal breaks; TA: total number of alteration;
TCA: total number of cellsanalyzed; TMO: total number of mitotic cells observed. #Values are mean of three experiments+ SEM
and significantly differ from treatment with control (root germinated in water) at ** P <0.001 and with RR35at $$ P < 0.001 by one-

way analysis of variance with Tukey- Kramer comparison test.

Figure 1 : Different types of aberration induced by Reactive Red 35 in A. cepa root tips; (a) normal prophase, (b)
normal metaphase, (c) normal anaphase, (d) normal telophase, (€) anaphase bridge, (f) binucleated cell, (g)
micronuclei, (h) sticky metaphase, (i) multi polararity, (j) fragmentation, (k) telophase clumping, (I) vagrant

chromosome

HE3B, whichwasonly 1% after treatment with con-
sortium of Providencia sp. SDS and P. aeruginosa
BCH4I,

Toxicity profiles of RR35 and its degraded me-
tabolites to cells of A. cepa root shows 94.33%,
53.66%, and 84.33% cells viahility in the roots ex-
posed to distilled water, RR35, and degradation
metabolites, respectively (TABLE 1). Significant
reduction in the cell viability was observed when
exposed to RR35 dye, and when the dye was treated
with P. aeruginosa ARSK S20 the degree of toxicity
was significantly decreased compared to the un-

treated dye. Cell viability of theroot cellsinA. cepa
reported 86.5% when exposed to 500 mg/L Remazol
Red dye, which was increased to 94.69% with ex-
posure to the metabolites obtai ned after degradation
by P. aeruginosa BCH,

Cytogenotoxicity

A method of measuring the degree of cytotoxic-
ity of pollutant is depending on levels of mitoticin-
dex (MI). MI serves as an important parameter of
cytotoxicity studiesin environmental monitoring™.
Decrease in the mitoticindex (M1) could be used to
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assessthelevel of cytotoxicity of atest compound®.
Theincreasein M1 was observed due to the uncon-
trolled proliferation of meristematic cellsof A. cepa,
causing tumor formation and ultimately cell dam-
age4, In the present study, higher M1 (11.28) was
observed in root cells exposed to 500mg/L RR35,
which was reduced to 8.56 after dye degradation
(TABLE 1). Theresultsindicate that the cytotoxic-
ity level of dye was brought down to alevel very
close to control (7.83) after biodegradation. In-
creased MI value in presence Reactive Blue 160
was also reportedd. Along with the MI, chromo-
somal aberration was also accepted as an indicator
of genotoxic damageinduced by carcinogenic com-
pounds?4.

In the present study, frequencies of chromosomal
aberrations like laggard formation, chromosomal
breaks, anaphase bridges, stickiness, binucleated
cells and micronuclei were significantly reduced
after biodegradation compared to the untreated dye
at 500 mg/L (Figure 1). These results indicate the
reduction of the genotoxic potential of thedye upon
biodegradation by P. aeruginosa ARSK S20. Chro-
mosomal aberrations, nuclear abnormalities, induc-
tion of micronuclei, fragmentation in the DNA,
binucleated cells, multipol arity, anaphase bridge and
sticky metaphase were observed earlier in course
of thetoxicity studies of different azo dyed'®. (4],

Comet assay
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Comet assay, agel e ectrophoresi s-based method
that measures migration of negatively charged bro-
ken DNA of the microbial cells. It is a versatile,
relatively simple and sensitive method to measure
DNA damagefor invitro and in vivo biomonitoring
of environmental pollutants?¥. Genotoxicity poten-
tials of RR35 (500 mg/L) and its biodegraded me-
tabolites (TABLE 2; Figure 2) were studied by mea-
suring percent tailing of DNA (%T) and tail length
(TL), whichwere analyzed by ANOVA test. The con-
siderable DNA damage was observed in the cells
exposed to RR35, whereas those exposed to the bio-
degraded metabolites of the dye showed lesser DNA
damage i.e., nearly equivalent to control. Similar
detoxification study of textile effluent by a consor-
tium of Providencia sp. SDSand P. aeruginosa BCH
was reported previously!™.

Oxidative stress. antioxidant enzymes status,
protein oxidation and lipid peroxidation

Oxidative stress due to imbalance of reactive
oxygen species (ROS) resulting from the presence
of environmental pollutantswithin an organism can
cause damage to tissues and cellular components,
thusthe stress can be used as biomarker of environ-
mental pollutants. Protective enzymatic and non-en-
zymatic mechanismsare present in plant cells, which
scavenge ROS and reducetheir del eterious effectd ™.
Results of antioxidant enzymesindicate (TABLE 3)

TABLE 2 : Genotoxicity analyses of RR35 and its metabolites obtained after degradation

Analysis Control Untreated Treated
TL (um) 26.33+1.764 92.33+1.202 33.67 £ 1.453*
%T 32.27 £ 1.092 60.49 + 1.901 40.88 + 1.908*

a 500 mg/L . Values are mean of three experiments, SD (+), and significantly differ from the control (distilled water),* P < 0.001, by

one- way analysis with Tukey- kramer comparison test

(a)

obtained after degradation (c)

(b)

()

Figure 2 : Comet observed; the sample analyzed as control (a), dye Reactive Red 35 (500 mg/L) (b), metabolites

Snvironmental Science (Emm=—
b Dudian ﬁoawﬂ/



ESAIJ, 11(7) 2015

H.A.Modi et al.

259

—==  Qurrent Research Peaper

TABLE 3 : Analysis of antioxidant enzyme activity, lipid peroxidation and protein oxidation from root cells of A.

cepa exposed to RR35 and its metabolites

Analysis Water RR 35% RR35 metabolites
SOD 4.2021 + 0.0627 12.9767 + 0.1710%** 5.1600 + 0.2215%
Catalase 31.2970+ 1.067 11.6873 +£ 0.7566** 25.9602 + 0.605%°
Lipid peroxidation 0.7677 £ 0.0194 1.5333 £ 0.0895** 0.8839 + 0.0465%
Protein oxidation 7.0549 + 0.0723 13.6693 + 0.1188** 8.7963 + 0.0759%

a 500 mg/L, Values are mean of three experiments + SEM and significantly differ from treatment with control (water) at, ** P <
0.001 and with RR35 at $$ P < 0.001 by one- way analysis of variance with Tukey- kramer comparison test.

TABLE 4 : Phytotoxicity studies of RR35 and its metabolites formed after degradation

Parameter Control RR35° RR35 metabolites
Sorghumvulgare
Germination (%) 20 60 90
Shoot (cm) 16.40 + 0.3408 5.00+ 0.3633** 14.40 + 0.4259%
Root (cm) 10.55 + 0.5083 1.45+ 0.2446** 9.94 + 0.3432%
Triticum aestivum
Germination (%) 100 60 90
Shoot (cm) 12.79+ 0.2588 0.90 + 0.6600** 11.56 + 0.4729%
Root (cm) 9.23+0.33 271+ 0.2762%* 6.41+0.2383%
Phaseolus mungo
Germination (%) 100 70 90
Shoot (cm) 14.14+0.5344 6.68 + (0.7592%* 10.98 + 0.9540%
Root (cm) 5.23+0.2345 2.50 + 0.4791** 4.91+0.2779%

a 2500 mg/L, Value are mean of three experiments+ SEM. significant different from the control (water) by **P < 0.001, significant

different from the RR 35 by $$P < 0.001

asignificantincreasein SOD, and asuppressed CAT
activity was observed in A. cepa root cells when
exposed to RR35 (500 mg/L ). After treatment of the
dyewith P. aeruginosa ARSK S20 increase in SOD
levels and CAT suppression was significantly re-
duced, indicating reduction of toxicity in the biode-
graded dye. Similar results were reported during
toxicity studies of Remazol Red dye and Amaranth
dye™ 151, Protein carbonyl and MDA are the end
products of protein oxidation and lipid peroxidation,
respectively. These end products are considered as
biomarkersof oxidative stressand cellular damage®.
Increased protein oxidation (93%) and lipid
peroxidation (99%) were observed with RR35 (500
mg/L), whereas the results were nearly equivalent
to control in case of biodegraded dye. Results were
under closed agreement those reported with Red
HE3B and Rubine GFL dyes, and their metabo-
lited4 (1,

Phytotoxicity assay

Phytotoxicity assessment becomes more domi-
nantly included to monitor pollution asto be aless
expensive and easier than other methods of toxicity
eval uation. Untreated textile dye-containing effluents
can detrimentally affect the agricultural cropsif dis-
charged onto the landi3. Thus, assessment of toxic-
ity prior to dischargeisof utmost importance. Inthe
present study, it was observed that degraded RR35
dye was less toxic for germination of S, vulgare, T.
aestivumand P. mungo seedsthan the untreated dye
(TABLE 4). RR35 inhibited seed germination of S
vulgare, T. aestivum and P. mungo by 40, 40 and
30%, respectively. On the other hand, the treatment
of the seeds with degraded dye inhibited the germi-
nation only by 10% in al cases. When compared to
control, decrease in shoot and root lengths of S
vulgare, T. aestivumand P. mungo seedswere 69.51
and 86.25%, 92.96 and 70.63%, and 52.75 and
52.19% with untreated dye whereas 12.19 and
5.78%, 9.61 and 30.55%, and 22.34 and 6.11% when
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exposed to metabolite obtained after degradation of
dye, respectively. Similar findings were reported
with Direct Brown MR, Maachite Green and its
subsequent degradation productg¢ (7],

CONCLUSION

A. cepatestisaclassica biomarker of environ-
mental pollutants. Cytogenotoxicity and oxidative
stress studies with A. cepa confirmed decreased in
toxicity potential of RR35 after treatment with P.
aeruginosa ARSK S20. Phytotoxicity studies also
prevailsthedecreased in toxicity of RR35 after treat-
ment, which promote the potential of biological treat-
ment as acost-effective and ecofriendly management
of environmental pollution caused by textile dyes.
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