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Investigation of Mitodepressive and Clastogenic Potentials of
Diatomaceous Earth Based on Plant Bioassay
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HE PRESENT study evaluated the mitodepressive and clastogenic effects of different

concentrations of Mozambique diatomaceous earth (DE) on Vicia faba L. root meristems.
The effects of different DE concentrations (10, 30 and 60%) for 3, 6 and 12h have been studied
on mitotic process, micronucleus frequency, pollen sterility, some biochemical parameters and
ultrastructure of internal organelles. Significant dose and time dependent suppression of MI
was observed. Various types of mitotic aberrations were observed in all treatments and spindle
disturbance was the most common type induced. The genotoxic effect of DE was monitored
by the induction of high ratio of micronucleus and reduction in pollen fertility. As well, DE
suspensions caused drastic damages on cellular organelles in dose and time dependent manner.
Gene expression was changed as DNA and protein synthesis was inhibited. All present results
revealed the predominance clastogenic and genotoxic effect of DE suspension on Vicia faba L,
which were concentration and time dependant.

Keywords: Mozambique diatomaceous earth (DE), Mitotic arrest, Genotoxic effect, DNA &

protein synthesis depression, Ultrastructural aberrations, Vicia faba L.

Introduction

Diatomaceous earth (DE) is a naturally occurring
soft, siliceous sedimentary rock that is easily
crumbled into a fine white to off-white powder.
DE is harvested from sediments at the bottom
of oceans, lakes and rivers around the globe. It
comes from single-celled diatoms algae with
microscopic, geometric shells made of silicon
dioxide. Over millennia, diatoms accumulate in
aquatic sediments as fossils that can be harvested
and dried into a fine dust. It has a particle size
ranging from less than 3um to more than 1mm, but
the most common size ranging from 10 to 200pum.
Besides, amorphous silica (from about 60 to about
93%), there are numerous other elements such as
aluminium, magnesium, calcium, sodium, iron,
phosphorus, sulphur, nickel, zinc, manganese and
others (Subramanyam & Roesli, 2000).

DEs are used in various industrial products
such as detergents, as a mild abrasive, a drilling-
mud additive. Moreover, DE has been used in
skin products, in filtration systems for swimming
pools, a source of mineral additive in pet food
(Snetsinger, 1988) and is extremely used in insect
control (Faulde, et al., 2006 and Hosseini et al.,
2014). Korunic (1998) reported that DE dusts have

abrasive and physico-sorptive properties therefore;
DE dusts have strong effect against stored-product
insects. The fine powder of DE has the ability to
absorb lipids from the waxy outer layer of insect’s,
causing dehydration of the insects. Kavallieratos et
al. (2005) and Chanbang et al. (2007) reported that
several DE formulations effective against stored-
grain pests are now present in commercial forms.

Subramanyam et al. (1994) reported that,
DE has low mammalian toxicity (DE rat oral
LD, >5,000mg kg" of body weight), but the side
effects of DE caused due to the accumulation
of DE residues in stored grains and their
adverse environmental impact must be taken in
consideration. DE can contain crystalline silica
(from 0.1 to 50%) depending on the source and
processing. In year 1997 The International Agency
for Research on Cancer (IARC) has reported that
crystalline silica has the capability to form cancer
in human cells (IARC, 1997) by generating reactive
oxygen species (ROS), while, no classification for
the carcinogenicity potency of amorphous (DEs)
was informed may be due to the limitation of
available epidemiological and experimental data.
Some amorphous DE products are biologically
active like crystalline silicas of mineral origin.
Essential characteristics of DE are determined
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by the origin of it, structure of surface and some
external factors such contaminants and/or pre-
treatments. All these characteristics can affect the
biological activity of DE (IARC, 1997).

Previous study by Freo et al. (2014) proved
that, the application of increasing doses of
diatomaceous earth changes the physical and
chemical characteristics of wheat grains stored,
with consequent reduction of the flour technological
quality. Besides, Fubini et al. (2001) and Elias et
al. (2002) showed that DEs were cytotoxic and
induced morphological transformation of Syrian
hamster embryo (SHE) cells, which further acquired
tumorigenic properties. Nattrass et al. (2015)
characterised the physicochemical properties and
toxic potential of a range of globally sourced DE
samples, and revealed that the toxic potential of DE
varies by processing technique and source.

Most previous in vivo and in vitro studies on
genotoxic effects showed only few data on the
effects of DEs, therefore the present study has
started up systematic explorations on different
doses of Mozambique DE suspension for different
time of exposure to show up the cytological effects
elicited on plant cells (Vicia faba) due to the
accumulation of DE’s residues in treated plants.
The present paper reports data on the cytotoxicity
and biochemical alterations induced in Vicia faba
root cells caused by different doses of Mozambique
DE suspension.

Materials and Methods

Preparation of diatomaceous earth (DE) suspension

Diatomaceous earth (DE) used in the present
study is a naturally occurring sedimentary rock
in Mozambique. Different weights of DE powder
(10, 30 and 60g) were dissolved in 100ml of
distilled water to obtain suspension solutions
with concentrations of 10, 30 and 60%. These
concentrations were chosen after preliminary
studies using different concentrations. The
concentrations below 10% had no effect, while the
concentrations above 60% were highly toxic on
Vicia faba root

The pH value of solutions
The pH value of each concentration was

measured using Hanna (pH210) instrument.

Plant bioassay
The broad beans seeds (Vicia faba L., 2n=
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12, var. Giza 843) were obtained from The Crop
Research Institute, Agriculture Research Center
Giza, Egypt. The seeds were washed several times
with distilled water and once with HgCl, then once
again with distilled water. Seeds of Vicia faba were
soaked for 24h in distilled water then transferred
to petri-dishes containing moist cotton bed (five
replicates, 10seeds/replicate of equal size and
weight about 100gm), when the germinated roots
reached about 3cm in length (after 5 days) were
treated with each concentration of DE suspension
for 3, 6 and 12h and distilled water for the control to
be subjected to the following assays.

Cytogenetic analysis

Mitotic activity analysis

Fifty germinated seeds were soaked on each
concentration (10, 30 and 60%) of DE suspension
and distilled water for the control for 3, 6 and 12h.
Root meristems, were fixed in Carnoy s fixative
(glacial acetic acid/ethanol 1:3) at 4°C for 24h,
hydrolyzed in 1N HCI at 58-60°C for 10min then
stained with Schiff's reagent. Squashed specimens
were analyzed at 400x magnification using
Olympus Microscope (BX50). The most frequent
abnormalities were pictured using Panasonic digital
camera CP230. Mitotic index (MI) was expressed
as the number of dividing cells per 1000scored cells.
The proportion of mitotic phases and percentage of
mitotic anomalies were calculated in the dividing
cells of root tip.

Determination of micronucleus (genotoxicity
test)

Micronucleus test was performed according to
Ma et al. (1995). For scoring micronucleus (MN)
frequency, cells with micronucleus were counted
among 5000cells from five V. faba root tips of each
treatment and control (1000cells for each root tip).
Micronuclei which localized inside the cell wall
and in the cytoplasmic area beside the main nucleus
were counted.

Determination of pollen sterility

V. faba seeds treated with different DE
suspension doses were cultured in the experimental
pots. The anthers from fresh mature buds were
soaked in aqueous solution of potassium iodide
(KI). Viable pollen grains (with blue stained nuclei)
and the sterile pollen grains (with no stain) were
counted at 400x magnification using Olympus
Microscope (BX50) the percentage of pollen
sterility was calculated using the formula:
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Pollen sterility %= Number of sterile pollen grains/
Total number of pollen grains X100

Biochemical analysis

Determination of protein content

Protein content in treated and untreated V. faba
roots was estimated using 0.5g of fresh tissue. The
root tissues were air dried, frozen in liquid N, and
ground to a fine powder. Powdered tissues were
extracted by 1ml 80% ethyl alcohol, precipitated
for 15min at 4000rpm at -5°C and dissolved in
Iml phosphate buffer (pH 7.0). The protein extract
were stained using Coomassie Brilliant Blue
G-250 (Sigma-Aldrich Product Code 27815) and
the absorbency was recorded photometrically at
595nm using spectronic 21D according to Bradford
(1976).

Determination of DNA content

Root samples (1g) were ground with liquid
nitrogen and genomic DNA was extracted by
pre-warmed CTAB extraction buffer according to
Isaac (1994) then mixed with an equal volume of
chloroform—isoamyl alcohol (24:1), precipitated
by isopropanol. Finally extracted DNA was
washed by 70% ethanol. DNA was estimated by
diphenylamine (DPA) colour reaction as previously
described by Burton (1956). The absorbance was
recorded at 595nm.

Ultrastructure analysis

Meristems samples (treated and control) were
fixed in 2% glutaraldehyde in 0.05mol L' sodium
cacodylate buffer (pH 6.9), for 2h at 4°C, then
washed three times in sodium cacodylate buffer
and postfixed in 4% osmium tetraoxide for 1h at
4°C. Afterward, specimens were dehydrated in
ethanol water series starting with 50% followed by
passage through a graded propylene oxide ethanol
series, the root tips were gradually infiltrated with
Epon 812 resin by placing them for 3h in each of
series of resin/propylene oxide mixtures, ending by
100% resin. Finally, meristems were embedded in
freshly prepared resin and polymerized in oven at
60°C for 48h (Glinska & Gabara, 2000). Sections
(1um) were cut with Reichert Ultra-microtome,
mounted on copper grids and stained with 0.5%
uranyl acetate and lead citrate for 30min (for
each) according to Reynolds (1963). Observations
were carried out using JEOL TEM 1010, Japan
transmission electron microscope at 80kV, Electron
Microscope Unit, Center for Mycology and The
Regional Biotehnology, Al Azhar University.

Statistical analysis

Data were expressed as mean+SD. The
statistical significance of the differences in mean
values between means of control group and those
of treated groups was calculated by ANOVA and
Dunnett T-test (Duncans multiple range test) where
significance was accepted at P<0.05 and P<0.01.
These were carried out using GraphPad (Version
4.0) with five replicates for each treatment.

Results

The pH value of solutions

The results in Table 1 reveal the reversal
relationship between the concentration of DE
suspensions and their pH values.

TABLE 1. pH values of different concentrations of
diatomaceous earth suspension.

DE concentration pH value
0 7.09
10% 7.33
30% 6.49
60% 5.05

Cytogenetic analysis

Mitotic activity analysis

DE suspensions caused a gradually decrease in
the mitotic activity of V. faba roots. Mitotic indices
showed significantly suppression at levels P<0.05
and P<0.01with increase in the concentrations and
time of exposure to DE suspension. Table 2 showed
the completely inhibition of the mitotic process
after treatment with the highest concentration
(60%) for 12h. The highest ratio of MI scored
4.35% was achieved by treatment with 10% DE
suspension for 3h, while the lowest ratio was 2.44%
observed after treatment with 60% DE suspension
for 6h. This significantly decrease in mitotic
indices was accompanied with an accumulation in
significant metaphase stage at levels P<0.05 and
P<0.01, which was time dependent. Treatment
with 30% DE suspension for 12h triggered the
highest frequency of metaphase reaching 42.15%,
while treatment with 10% DE suspension for 3h
caused the lowest frequency of metaphase reaching
33.78 (Fig. 1). The significant increase of mitotic
aberration at levels P<0.05 and P<0.01 was time
and concentration dependent ranging from 18.04%
to 51.82% (Table 2). Exposure of V. faba roots
to different concentrations of DE suspension
enhanced the formation of different types of mitotic
aberrations like spindle disturbance, stickiness,
bridge and laggards. The most representative types
were illustrated in Fig. 2.
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SHAIMAA SELMI SOBIEH

n
o
)

OProphase O Metaphase B Anaphase [@Telophase
45 - *%

* %

* %k

*%

Phase indices

Treatment
\_ J

*Statistically significant at P<0.05
**Statistically significant at P<0.01

Fig. 1. Effect of diatomaceous earth suspension on mitotic phases of Vicia faba meristems.

TABLE 2. Effect of different concentrations of diatomaceous earth suspension and time exposure on mitotic
indices (MI) and mitotic aberration of Vicia faba meristems.

Treatment Total No. of cells Mitotic index+SD Mitotic aberrations=SD

Control

3h 1072 5.214+0.16 8.60+0.56

6h 1006 5.33+0.35 13.09+1.20

12h 1051 6.81£0.69 10.66+0.98

10%

3h 1004 4.35%+0.37 18.04**+0.24

6h 1120 3.86%*+0.21 26.37*%*%+0.61

12h 1063 2.79%%+0.09 29.75%%+1.09

30%

3h 1078 3.76%%+0.20 29.62**+0.53

6h 1003 3.64%*+0.14 32.22%*+0.86

12h 1062 3.06%*+0.93 32.39%*+0.27

60%

3h 1253 2.03**+0.87 46.55%%+0.74

6h 1009 2.44%%4+0.12 51.82**+0.09

12h 1000 Toxic Toxic
(complete inhibition in cell division) (complete inhibition in cell division)

*Significant from control at 0.05 level
**Significant from control at 0.01 level
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Fig. 2. Types of chromosomal aberrations induced in Vicia faba meristems treated with different concentrations of
diatomaceous earth suspension (X=400), a: Irregular prophase, b-c: Disturbed metaphase, d: c-Metaphase,
e-f: Disturbed anaphase, g-h: Sticky metaphase, i: Sticky anaphase, j: Sticky anaphase with micronucleus,
k: Anaphase with lagging chromosomes, I-m: Telophase with lagging chromosomes, n: Metaphase cell
with chromosome’s fragment, o: Anaphase cell with chromosome’s fragment, p: Field of micronucleus in
interphase cells, q: Viable pollen grain and r: Sterile pollen grain.

Determination of micronucleus (genotoxicity
test)

The genotoxic strength of DE suspension
was evaluated by micronucleus test. The
percentage of micronucleus induction was time
and concentration dependent. Treatment with
60% DE suspension for 12h scored the highest
frequency reaching (23.99%), while 14.80%
was the lowest micronucleus ratio detected after
treatment with 10% for 3h (Fig. 3). The induction
of micronucleus was significant at level P<0.01.
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Fig. 3. Percentage of micronuclei induced in Vicia
faba meristems treated with diatomaceous
earth suspension.

Determination of pollen sterility

The DE suspensions enhanced pollen sterility
in V. faba buds. The percentage of pollen sterility
was varied from 19.4% to 52.2% in the treated

samples as compared to 0% in the control. The
frequency of pollen sterility increased in the
concentration and time dependant manner and
was significant at level P<0.01 (Fig. 4).
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Fig. 4. Percentage of pollen sterility percentage
induced in Vicia faba anthers treated with
diatomaceous earth suspension.

Biochemical analysis

Determination of protein content

A general depressive effect on the formation
of cellular protein was clearly observed after
treatments with DE suspension on V. faba root
cells compared to their respective control in
dose dependent manner (Fig. 5). All results were
significant at levels P<0.05 and P<0.01, except
treatment with 10% of DE suspension for 3h
was non-significant. The maximum significant
reduction (1.53mg/g) was attained after the
application of 60% of DE suspension for 12h.
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Fig. 5. Protein content induced in Vicia faba roots
treated with diatomaceous earth suspension.

Determination of DNA content

Variations in DNA content induced after the
exposure to DE suspension were declared in Fig.
6. The exposure to DE suspension caused highly
significant decline in DNA content at levels P<0.05
and P<0.01. These variations were time and
concentration dependent. Treatment with of 10% of
DE suspension for 3h induced the highest amount
of DNA reaching 2.20pg/g. While, the least value
(1.41pg/g) was achieved by treatment with 60% of
DE suspension for 12h.
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Fig. 6. DNA content induced in Vicia faba roots
treated with diatomaceous earth suspension.

Ultrastructure analysis

The cytoplasm of control cells showed normal
distribution of cellular organelles; it contains all
cellular organelles such as a large nucleus, dense
cytoplasm and well organized organelles as
mitochondria, proplastids and ribosomes (Fig. 7a).
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DE suspensions caused a gradually changes on V.
faba sub-cellular organelles, which were dose and
time dependent. Concentrations of 10 and 30% for
3h and 6h, respectively of DE suspensions initiate
several evidences of cellular toxicity such as dilation
of ER lumens, disruption of the mitochondrial
membrane and cristac were poorly present (Fig.
7b and c). The nuclear envelope was disintegrated
in some cells and there was accumulation of cell’s
remains and organelle’s debris inside vacuoles after
treatment with 60% DE for 6h (Fig. 7d and e).
Finally, the vacuolar system extremely expanded
and causing cytoplasm became structure-less after
12h exposure to 60% DE (Fig. 7f).

Discussion

Raw DEs are mainly composed of silica but
contain a substantial amount of impurities, largely
exceeding even what was found to modulate
toxicity in commercial quartz dusts (Fubini et al.,
2004). The presence of such impurities such as Al,
Cu, Fe and Pb may cause an effect of calcination
on hydrophilicity and surface reactivity, different
from those observed on crystalline silica
specimens of mineral origin, causing pathological
effects of silica dusts.

In the present study the toxicity of DE
suspension on plant cell was proven by several
tests. Root tip cells of V. faba constitute an
excellent system for cytogenetic tests (John &
Abraham, 1991). The mitosis assay was used to
assess the ability of V. faba meristematic cells to
perform their normal mitotic division. Herein, the
mitotic index of treated of V. faba was decreased
significantly in comparison to control group.
This cytological alterations induced in V. faba
seem to be due to mitodepressive properties of
DE suspension as previously reported by Elias
et al. (2006) who declared that silica particles in
DE have effects on the mitotic spindle and on
the chromosome congression and segregation
during mitosis resulting in cell death or genomic
changes of some surviving cells. In addition,
previous studies by Fubini et al. (2001) and
Elias et al. (2002) showed that, like crystalline
silica, some commercial DEs were a potent pro-
oxidant causing cytotoxiy and morphological
transformation of Syrian hamster embryo (SHE)
cells. It might have toxic effect on cell division
and might cause a physiological change in the
nucleoprotein or denaturation of proteins reflected
as chromosomal aberrations.
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Fig. 7. Electron micrographs of control and treated root meristems of Vicia faba, a: Control root cell, b: Roots
treated with 10% DE for 3h show dilated ER lumen, c: Roots treated with 30% DE for 6h show rupture
of mitochondria s membrane and vacuolization of the cytoplasm, d: Roots treated 60% DE for 6h show
disintegration in nuclear envelope, e: Roots treated 60% DE for 6h show degenerated organelles and cell’s
debris inside the vacuole, f: Roots treated 60% DE for 12h show complete vacuolization of the cytoplasm
(N: Nucleus, Nu: Nucleolus, line: Dilated endoplasmic reticulum, arrow: Rupture mitochondrion, arrow head:
Disintegration in nuclear envelope and V: Vacuole ).
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The present study revealed that the pH
value of DE suspension was decrease (acidity
increase) by increasing of its concentration.
This acidity property may be the cause of the
mitodepressive effect of DE suspension. This
explanation in accordance with Elias et al. (2006)
who stated that, cytotoxicity of DE would be
related to some physicochemical features, such
as micromorphology, surface charges and in
particular the degree of acidity.

The increase in the percentage of mitotic
abnormalities of V. faba roots occurred after DE
treatment indicated that DE can lead to mutation
or can act as clastogene, the same result reported
by Njoku et al. (2011), who found that altered
chromosomes may have altered DNA and gene
sequences. Elias et al. (2006) reported that, there
was increase in cell division aberrations induced
by samples of DE in Syrian hamster embryo
cells and the most frequent types of aberrations
observed were monopolar or tripolar spindles,
mitotic spindle disturbance and some bridges in
anaphase and scattered chromosomes were also
observed.

In present study, spindle disturbance
and chromosome stickiness were the major
chromosomal  anomalies  indicating  that
DE suspension could be interfered with the
polymerization and  depolymerization  of
microtubules (Seth et al., 2008). Ozmen et al.
(2007) revealed that antimitotic agents probably
affect the cytoskeleton or tubulin polymerization/
depolymerisation and affecting physical and
chemical properties of DNA, protein, or both
ultimately leading to improper folding of chromatin
(Teerarak et al., 2010). Spindle disturbance may
be caused by inhibition of DNA synthesis at
S-phase of cell cycle as reported by Kumari et
al. (2011). Disturbance and C-mitosis can be
caused by changing in the spindle structure thus
hindering spindle polymerization and/or spindle
poisons due to twisting of polypeptides forming
spindle apparatus (El-Ghamery et al., 2000).
Chromosome bridges are formed due to strong
connection between chromatin fibers which join
sister chromatids at metaphase and hold them till
late anaphase or telophase. This strong connection
may prevent the correct separation of joined
chromatids during mitosis causing breakdown of
chromatids at or near the points of connection at
anaphase giving rise to fragments of chromosome-
like structure (Mohanty et al., 2004).
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The ability of DE suspension to accumulate
cells at metaphase and blocked metaphase/
anaphase transition by increasing the time of
exposure and concentration proved that the
tubulin subunits was the as main target of DE
suspension as suggested by Sorger et al. (1997).
They showed that most microtubule-damaging
agents that inhibit normal spindle formation,
either by increasing microtubule polymerization/
depolymerisation stability, can arrest cells at
metaphase. The deficiency in tubulin equilibrium
by means of polymerization and depolimerization
of microtubules inhibits = phragmoplasts’s
formation results in failure of the cytokinesis
process (Murata et al., 2013).

The results of the present study showed that
DE suspension induced a significant increase of
the MN frequency with increase of fragment and
lagging frequencies in V. faba root tips. These
demonstrate that DE suspension is a clastogen
that induces chromosome/ chromatid breaks and
lagging chromosomes. Several authors deduced
that the occurrence of micronuclei is considered
as an indicator of clastogenic and aneugenic
effects (Walker et al., 1996 and Van Goethem
et al.,, 1997). MN can cause genetic damage by
eliminate some of genetic material, which present
and highly compacted within micronuclei, from
the cell as reported by Fernandes et al. (2007) and
Sobieh et al. (2016). The mechanisms responsible
for MN have not been yet fully understood.
Fenech (2011) indicated that micronuclei can be
caused due to presence of DNA double-strand
breaks, which cannot be able to segregate in the
daughter nuclei at telophase stage. The presence
of these DNA fragments might be as a result of the
lack of spindle attachment during the segregation
process of chromosomes in anaphase. In another
point of view, Yi et al. (2010) stated that the
induction of MN indicates the defects in cell cycle
checkpoints in V. faba root cells that may be due
to the entry of some mitotic cells into mitosis with
DNA damage.

The concentration and time dependent
reduction in pollen fertility may be a demonstration
of persistent chromosomal abnormalities in the
treated V. faba plants. The pollen sterility caused
by DE suspension may be due to a gene mutation
as reported by Gulfishan et al. (2012). Dose
dependent pollen sterility was also reported by
Bhat et al. (2006) in V. faba and by Razu et al.
(2012) in Triticum durum.
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The suppression effect of DE suspension
on the mitotic activity of treated V. faba was
accompanied with a depressive action on DNA and
protein contents by increasing time of exposure
and concentration of DE suspension. This
significant decrease reflects a highly inhibition
of DNA and protein synthesis. The previous
hypotheses by Schneiderman et al. (1971), Tawab
et al. (2004) and Sobiceh et al. (2014) suggested
that, the inhibition of mitosis may be due to an
inhibitory effect on DNA and protein synthesis.
From the present ultrastructure result, the
presence of large vacuole reflects the presence of
proteolytic enzymes. Hosseini & Mulligan (2002)
proved that increasing in proteolytic activities
can cause decrease in the intracellular protein
content. Moreover, mitochondria were obviously
damaged, which in turn can reduce ATP level
in the cell that is required for DNA and protein
synthesis.

The induced ultrastructural changes in
treated V. faba roots are resemble to those of
metal toxicity stress in plants. The common
poison symptoms were swollen mitochondria,
disruption of the membranes, and dilation of
organelles. The present results showed that root
tip cells had a rapid and effective defence system
against DE suspension toxicity involving ER and
mitochondria, which may be one mechanism
accounting for lower toxicity of DE suspension.
The ultrastructural response of ER towards stress
by DE suspension was displayed by the noticeable
dilation of the ER lumen. This dilation of ER
lumen is thought to be necessary to accommodate
increasing amounts of lumenal constituents; in
particular those are being synthesized to manage
ER stress to deal with toxic conditions (Despa,
2009). Similar effects have also been confirmed
in plant cells, yeast cells and mammalian cells in
vitro and in vivo (Zuber et al., 2004; Bernales et
al., 2006 and Hartley et al., 2010). It is also known
that ER-targeted stress can activate Ca** efflux
from the ER; this Ca*" is then redistributed to the
mitochondria and leads to cell death (Walter &
Hajnoczky, 2005).

The obvious alterations in mitochondria of
treated V. faba like swelling and disintegration of
cristac demonstrated the effect of DE suspension
on the mitochondrial respiration process (Foissnor,
1984). The damage of mitochondria in present
study presumably caused by the high reactive
oxygen species (ROS) production as suggested

by Gabara et al. (2003) and Patnaik et al. (2013),
who found that swelling and disintegration of
mitochondrial cristae were accompanied with
increase in ROS level and changes in activities
of antioxidant defence system. Moreover, Koyro
(1997) proved that the decrease in electron density
within the matrix of the mitochondria reflect a
degeneration of the mitochondria. Lemasters et
al. (1997) revealed that toxic factors could cause
the same ultrastural changes in mitochondria
permeability. The formation of ROS might cause
serious cellular damage such as peroxidation of
lipid membranes (Ding & Ong, 2003), which
in turn can cause structural damage to cell’s
membranes and organelles’s membranes (Popova
& Popov, 2004). Formerly, Elias et al. (2006)
have proved the ability of the DE dust to release
hydroxyl (*OH) radicals, therefore changes in
the integrity of mitochondria’s membranes may
be the result of oxidative stress induced by DE
suspension.

The majority of nuclei in V. faba root cells
appeared ultrastructurally unchanged, without
displaying chromatin condensation and irregular
shape as previously noted in cotton cells when
treated with chromium (VI) by Daud et al. (2014).
Nevertheless, the disruption of nuclear envelope
was detected in some nuclei. This disruption
presumes the onset of cell death as proposed by
Madeo et al. (1997).

The vacuole is the final destination for all
toxic substances that plants can be exposed to,
and the vacuoles of root cells are the major sites
of toxic materials sequestration (Clemens, 2006).
Cytoplasmic vacuolization and the increased
level of electron-dense granules in vacuoles
can be thought of as a detoxification pathway
for preventing cell damage and retaining the
toxic agents in vacuoles (Einicker-Lamas et al.,
2002). Sharma & Dubey (2005) showed that the
vacuole is the major part of the cell, which Pb
was sequestered within in the form of complexes.
As well, vacuolization may be a response to
membrane system damage induced by ROS
caused by toxicity of DE suspension (Kim & Park,
2010). The accumulation of wastes and organelle’s
debris inside vacuoles after treatment with 60%
DE suspension for 6h reflect a significant role of
detoxification that may induce by cells against
DE suspension through autophagy or to prevent
free circulation of DE particles (Eleftheriou et al.,
2015). Treatment with 60% DE suspension for
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12h shows complete vacuolization of the cell. The
vacuolization shows autophagy is activated as an
adaptive catabolic process in response to different
forms of metabolic stress as stated by Levine &
Kroemer (2008) and may protect plant cells from
stress. These ultrastructural changes in V. faba
cells were consistent with the symptoms of cell
necrosis (Noodén, 2004). In addition, Mahakhode
& Somkuwar (2013) noted that, various structural
disturbances in cell organelles translated into
physiological and metabolic events leading to
the slowing down of the growth of the plant and
finally to its death.

Conclusion

This work provides the evidence of the
mitodepressive and genotoxic potencies of DE
suspension on plant cells and also confirms the
efficiency of the plant cytogenetic assays on
monitoring the genotoxicity and cytotoxicity of
different agents. Since the plant system can detect
the genotoxicity and cytotoxicity more efficiently
and quickly than animal bioassays, we could use
these simple and economical plant bioassays
for clastogen screening and environmental
monitoring in general.

DE suspension inhibits mitotic process of
V. faba and exhibits mitotic arrest in metaphase
associated with spindle disturbance. DE
suspension obstructs DNA and protein synthesis,
as well as caused alteration in organelles
ultrastructure leads to significant inhibition
of cell division. Thus, DE products should be
considered as a set of silica-based potentially
toxic materials, apart from the crystalline silica
dusts of mineral origin. In long time exposure
conditions, a particular concern should be given
to the finer fraction of the particles which have
a higher surface reactivity. Therefore, in the
absence of well-defined molecular mechanisms of
silica toxicity, risk evaluation procedures require
to perform physicochemical and cellular tests on
each DE sample.
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