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Abstract

A study was performed for phyto-genotoxic assay of chromium (Cr) and arsenic (As) through Allium cepa. Various concen-
trations (0, 1, 3, 6 and 12 mg L") of Cr and As for 48 and 168 h time points exposed fo A. cepa. The phytotoxic effects of
metal(loid) were evident through inhibited root length and root protein. Metal(loid) toxicity also lead to genotoxic effects,
which included depression of mitotic index and increased frequency of chromosomes aberrations like break, fragments,
c-metaphase, multipolar arrangements etc. Genotoxic endpoint as progressive frequency of micronuclei in interphase of root
meristem cells in treated plants was also observed. This genotoxic endpoint revealed carcinogenic nature of both aforemen-
tioned metal(loid). Along with inhibition in root length and protein content, depression in mitotic index as well as stimulation
of various abnormality in mitotic cell division indicated that both metal(loid) are hazardous in nature and causing harmful

effect on the environment.

Keywords Arsenic - Chromium - Micronuclei - Plant bioassay - Phyto-genotoxic effects

Heavy metals are one of major causes of environmental
contamination worldwide, culminates in deterioration of
agricultural yields as well as human health via food chain.
Primarily, the sources of increasing concentrations of heavy
metals are anthropogenic activities (Siddiqui 2015). Chro-
mium (Cr) and arsenic (As) are two major environmental
hazards whose contamination in water and soils is wide-
spread due to a variety of industrial applications or owing to
natural processes induced by human intervention. Chromium
is utilized in various industries like tanning of leather, min-
ing, paint, petroleum, manufacturing of textile, fungicide
and wood preservative. (Mishra and Bhargava 2016). It has
different oxidation states in nature with two different stable
oxidation states, Cr' and Cr¥™. Both Cr species differ in
terms of mobility in the environment and bioavailability,
uptake and toxicity in plants (Panda and Choudhory 2005;
da Conceicdo and Gomes 2017; Stambulska et al. 2018).
Both forms of Cr are toxic, but the solubility and toxicity
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of the Cr'"" form is less than that of Cr'¥ (Nematshahi et al.
2012). WHO (2004) recommended the permissible limit of
Cr in drinking waters as 0.05 mg L™ Deleterious effects of
Cr on several biological activities are well correlated with
its increasing concentrations, which include disruption of
several physiological and cytological processes in cells.

Arsenic is a ubiquitously present toxic metalloid, which
is released from several industrial processes, such as min-
ing, coal combustion, semiconductors, pesticides etc. as well
as through natural geogenic activities. The level of As in
drinking waters of many areas has increased beyond WHO
standard drinking water limits (0.01 mg L™!). The phyto-
toxicity of As is affected considerably by its chemical form.
Arsenite (As'™) is generally considered to be more toxic than
arsenate (As"). Arsenite binds to sulfydryl groups of pro-
teins affecting their structures or catalytic functions (Li et al.
2016). It also induces an upregulation of enzymes participat-
ing in the antioxidant responses (Kumar et al. 2014a; Singh
et al. 2017). Besides these effects, it also alters DNA repair
mechanism (Gebel 2001; Wu et al. 2010). It also generates
reactive oxygen species (ROS) leading to lipid peroxidation,
DNA and oxidative base damage in plant tissues (Kumar
et al. 2014b, 2016; Abbas et al. 2018).

For the last few years, the bio-assays have been con-
tinually used for assessment of chemical toxicity at whole
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organism (toxicity) level as well as molecular (genotoxic-
ity) levels. In this context, plants have been shown to be
promising because chemicals cause identical chromosome
abnormalities in plant cells as well as in cultured animal
cells (Ditika and Anila 2013). The sensitivity of the root
of Allium towards chemical is probably due to large size
of chromosome along with higher number of metacentric
chromosomes (Ditika and Anila 2013). Considering the lack
of knowledge in this area, this study was planned to evalu-
ate the phyo-genotoxic effects in response to Cr and As in
Allium cepa.

Materials and Methods

Bulbs of onion (A. cepa) were exposed to different concen-
trations of Cr¥! and As™ (0, 1, 3, 6 and 12 mg L") using
potassium dichromate (K,Cr,0,) and sodium arsenite
(NaAsQ,) respectively. Dry roots on the disc of the bulb
were cut and the outer scales of the bulb were removed.
Subsequently, the bulbs were washed with milli Q water
and placed over glass jars containing clean water and left
for formation of roots. A set of plants grown in water served
as control. Roots (1-2 cm long) were treated with Cr and
As solutions for 48 and 168 h duration. The root length was
measured in centimeter (cm).

Protein was estimated by following Lowry et al. (1951)
method. Leaf samples were homogenized in 0.1 M phos-
phate buffer (pH 6.8). After adding required reagent opti-
cal density was recorded at 750 nm and concentration was
calculated using a calibration curve standard (Bovine serum
albumin) made with BSA.

Cytological studies of Cr and As treated A. cepa were
done by root tip squash method. 1-2 cm of root tips were
cut off and fixed in fixative of acetic acid and ethanol. Roots
are then put into 1 N HCI for 10 min. Then root were washed
and keep into mordant (Iron Alum) and left for 45 min.
Again the root tips are washed and stained with Hematoxy-
lin for 40 min (Fiskejo 1985). Then they are washed with
distilled water and put on to a microscope slide. Root tips are

cut in to 4-5 mm size and gently macerated with a needle.
Digital images were obtained using a digital camera (Nikon
P-5100) linked to an optical microscope (Nikon E-200)
with 10X ocular and 40X objectives. This squashed root
tip is used for recording mitotic index. The dividing cells
(about 1000 cells) which are regular in shape are counted
for various mitotic phases. The observations also included
analysis of cytological abnormalities like fragments, bridges,
micronuclei (MN), multi polarity and vagrants indicating
various clastogenic and physiological disturbances. The data
obtained are recorded and tabulated.

Estimation of total Cr and As, 0.5 g oven dried tissue
were analyzed using Inductively Coupled Plasma Mass
Spectrophotometry (ICP-MS 7500cx, Agilent Technolo-
gies, Japan). Multi-element calibration standard 2A (Agilent,
Part # 8500-6940) and 3 (Agilent, Part # 8500-6948) were
used for calibration and quality assurance for each analytical
batch. The protocol detailed earlier in Dwivedi et al. (2010)
and Kumar et al. (2014a, b) was followed. The detection
limit of Cr and As and nutrient elements was 1 ug L™!. The
result of the analysis was validated by digesting and ana-
lyzing Standard Reference Materials. Analysis of variance
(ANOVA), Duncan’s multiple range test (DMRT) and t-test
analysis were performed to determine the significant differ-
ence between treatments by using SPSS 17.0 software.

Result and Discussion

The results show that with increasing the concentration of
Cr and As, root length decreased significantly establishing
negatively correlation between root length and treatments of
Cr and As. The protein content in both stressed plants was
found to be significantly declined in increase in treatments
(Table 1). The maximum inhibition of 77% and 69% pro-
tein content was recorded in higher exposure of Cr and As
treated plants respectively. The reduction of protein content
could be attributed to increased activity of catalytic enzymes
like proteases or to fragmentation of proteins caused by

Table 1 Effect of various concentrations of Cr and As on uptake, root length % and root-protein content of in A. cepa after 168 h exposure

Treatments Cr (mg kg~! dw) As (mg kg™ dw) Cr As Cr As

Lfl
(mg L7 Root Shoot Root Shoot Root length (%)  Root-protein (mg g~! fw)
0.0 - - - - 100 100 13.71+1.32¢ 13.59+1.20¢
1.0 42 +4.064* 50+4.015° 0.14+0.0112 0.24+0.019" 79 84 11.21+0.99¢ 12.62+1.01¢
3.0 69 +6.088° 7446.529° 0.21+0.019° 0.34+0.030° 51 56 8.21 +0.66° 9.76 +0.78°
6.0 7245.782° 84 +8.128" 0.27 +0.022¢ 0.43+0.038¢ 27 31 6.42+0.62° 7.36+0.59°
12.0 81+7.146° 92 +7.388¢ 0.34+0.027¢ 0.51+0.049¢ 18 21 3.11+0.25 4.21+0.37

All the values are means of 3 replicate (n=3)+SD ANOVA significant at p <0.01. Different letters indicate significantly different values
between treatments (DMRT, p <0.05)
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ROS, which are known to be induced upon exposure to
metal(loids) (Kumar et al. 2014a; Gupta et al. 2012, 2016).

The accumulation of Cr and As was a dose dependent
response in both root and shoot (Table 1) (p >0.05). How-
ever, accumulation of both Cr and As was more in roots
in comparison to shoot. Chromium (permissible limit
2.3 ug g1 and As (permissible limit 0.43 pg g~!) concen-
tration of onions bulbs from the study area was found to
be more than the WHO/FAO safe limit of these metal(loid)
s for edible vegetables (JECFA 2010). The Cr content
was ranged from 18.09 to 33.28 ug g~! dw in roots and
3.42-7.26 ug g~! dw in shoot while As content ranged from
4.4108.5 pg ¢! dw in root and 0.77-1.97 pug g~ dw in shoot
of A. cepa.

These results are consistent with the earlier results
reported various plants like wheat, corn, cabbage and black
bean (Nematshahi et al. 2012) along with A. cepa (Espi-
noza-Quifiones et al. 2009; Gupta et al. 2012). The higher
accumulation of Cr in roots of the plants could be due to
immobilization of Cr in the vacuoles present in root cells
(Dube et al. 2003; Datta et al. 2011). Accumulation of As
in plant parts were also showed agreement with previous
reported (Kumar et al. 2016).

Dose and duration dependent statistically signifi-
cant reduction in mitotic index was recorded. The mini-
mum mitotic index of 5.24% and 6.47% was estimated at

12 mg L~! of Cr and As treated root meristem respectively
at 168 h (Fig. 1). Reduction in the mitotic activity increased
remarkably with enhancement of treatment duration. Gliriska
et al. (2007) suggested that the inhibition of mitotic index in
roots exposed to metal could be due to disturbed cell cycle
or dysfunction of chromatin induced by interaction of metal
and DNA. Mito depressive action of Cr in A. cepa roots
leading to reduction in root length. This inhibition could also
be due to blockage of G1 stage and suppressing DNA syn-
thesis or inhibition of DNA synthesis at the S stage. Chro-
mium salts easily penetrate the cell membrane and modified
to trivalent species which directly react with DNA unlike
other metals, causing damage of DNA viz. modification of
base, breaks of single-strand and double-strand and various
adducts like Cr-DNA, DNA-Cr-DNA and protein-Cr-DNA
adducts. By this Cr acts directly on DNA causing genotoxic-
ity (Santos and Rodriguez 2012).

The present investigation showed a significant increase
in the abnormal cells frequency with chromosome aberra-
tions in root meristematic cells with Cr and As treatments
(Table 2; Fig. 2). The maximum chromosome aberration of
17.51% and 12.65% was evident at highest dose and expo-
sure time of both metals. Various treatments could strongly
induce genotoxic logical effect, leading to physiological
(c-mitosis, laggard and sticky chromosomes) as well as
clastogenic (bridges and fragments) aberrations. The present

Fig. 1 Effect of different con- 20 4 —_— — 20 -
centrations of Cr on a Mitotic A 48h 168h B ——43 —#—168h
index; ¢ aberrant cells (%) and
of As on b Mitotic index; d ~ 15 1 2 15
aberrant cells (%) in A. cepa s s
at 48 and 168 h. All values % * 5 .
are mean of triplicates. +SD E 10 - * o £ 10 -
*#*Significance (p <0.01) £ * 2
compare to control £ . S o
= 5 = |
0 0
0 1 3 6 12 0 1 3 6 12
= =
3 2
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Table 2 Chromosomal aberrations in root meristem of A. cepa exposed to different concentrations of Cr and As after 48 and 168 h

Duration Concen- No. of pro, meta

Stickiness Fragments C-metaphase Condensation Mutipolar Leggard Bridge % Aberrant cell

tration and anaphase anaphase
(mg L™") analyzed
48 h As 0.0 626 - - - - - - 0.021
1.0 579 3 - 1 - - - 1.04
3.0 565 4 2 3 2 - 1 2.65
6.0 482 5 10 3 2 5 2 1 6.01
12.0 492 3 10 2 11 4 6 3 7.92
168 h As 0.0 646 - - - - - - - -
1.0 568 1 1 2 1 - - - 1.23
3.0 554 3 4 3 2 4 2 1 343
6.0 432 4 5 4 3 4 3 4 7.41
12.0 324 7 4 5 5 3 4 3 12.65
48 h Cr 00 639 - - - - - - - -
1.0 548 1 2 1 2 - - 2 1.46
3.0 530 4 3 2 3 1 4 4 3.96
6.0 417 7 8 7 5 4 5 3 9.35
12.0 298 6 7 7 6 4 5 7 14.09
168 h Cr 00 630 - - - - - - - -
1.0 531 4 2 3 - - 1 2 2.56
3.0 512 5 4 6 4 4 6 1 5.85
6.0 301 4 6 4 7 5 7 6 12.95
12.0 257 5 8 5 6 7 9 5 17.51

study showed that Cr significantly stimulated the MN for-
mation in root cells which evident its ability to directly
react with DNA and to cause clastogenic and physiological
aberrations in chromosomes. Results investigation revealed
that treatment of roots with As compounds resulted in dose
dependent decrease in mitotic index and increase in abnor-
mal cells and micro nucleated cells. The reason of dose and
duration dependent retardation in the mitotic activity could
be due to inhibition of DNA synthesis (Schneiderman et al.
1971; Sudhakar et al. 2001) or a blockage of the G2 phase
of the cell cycle resulting prevention of cell from entering
mitosis (Van’t Hoff 1968). Arsenic has also been shown to
enhance the clastogenicity and mutagenicity of other DNA
damaging agents. Treatment with As and Cr compounds
induced similar types of chromosomal and mitotic abnor-
malities in root tip cells which revealed that both these com-
pounds are clastogenic and also act as spindle poison.
Micronucleus (MN) and chromosomal aberration (CA)
assays in the root tips of A. cepa have been employed
extensively in recent years for detection of potential DNA
damaging properties of environmental contaminants (Sil-
veira et al. 2017). Major causes of the most frequently
detected CA types are dysfunction of chromatin in form
of stickiness, bridges and fragments or spindle failure viz.
c-mitosis and laggard chromosomes. Result from break-
age and fusion of chromosome and/or chromatid leads to
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Chromosome bridges, however, laggard chromosomes
from weak c-mitosis, increasing the risk for aneuploidy
(Leme and Marin-Morales 2009). An irreversible sticki-
ness is considered as common sign of highly toxic effects
on chromosomes, type presumably leads to cell death.
Micronucleus often resulting from the acentric fragments
or laggard chromosomes which are unable to incorporate
in to the telophasic daughter nuclei causing primary genes
deletion which may leads to cellular death (Kirsch et al.
2011). Present investigations are well collaborated with
previous results depicting the effect of pollutants including
heavy metals on the plants (Gupta et al. 2012; Hemachan-
dra and Pathiratne 2015). The reactivity of As is likewise
to phosphorus in soil where As" is taken up via phosphate
transport systems, and subsequently acts in the cell as a
phosphate analog to disrupt phosphate metabolism, inhibit
DNA repair and induce MN formation (Wu et al. 2010).

In the present study, it could be concluded that both
metal(loids) impart phytotoxic effects on A. cepa by inhib-
iting root growth and reduction in root protein content.
Due to genotoxic characteristics, theses metal(loids) also
reduced miototic index as well as enhanced various types
of chromosomal aberrations in root meristem. Hence, the
present research depicted that Cr and As are mutagenic
and carcinogenic in this test system.
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Fig.2 Chromosomal abnormalities along with normal cell division
observed in root meristem of A. cepa due to treatments with various
doses of As and Cr at 48 and 168 h exposure. a bridge, b1 normal
anaphase, b2 normal telophase, ¢ stickiness in anaphase, d C-meta-
phase, e normal metaphase, f stickiness in metaphase, g break in ana-
phase, h micronuclei
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