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ABSTRACT

Bismuth is one of the significant heavy metals widely used in agricultural industry. Freshwater snails are
sentinel organism models for aquatic ecosystem pollution. In the present study, we designed to under-
stand the mechanism of bismuth oxide nanoparticle (Bi;O3NPs) toxicity on Lymnaea luteola (L. luteola)
by using different biomarkers. The LCso — 96 h of Bi;O3NPs was found 72.6 pg/ml for L. luteola and based
on LCso - 96 h of BiO3NPs three concentrations sub lethal I ~ 18.15 pg/ml, sub lethal Il ~ 36.30 pg/ml, and
sub lethal IIl ~ 48.4 pg/ml were selected for further study. The snails were exposed to above sub lethal
concentrations of NPs for 7 days and specimens were harvested at 1, 3 and 7 days for assessment oxida-
tive stress, apoptosis and eco genotoxicity. In general, Bi;O3NPs showed significant (p 0.05, 0.01) ecotoxic
effect on snails in both concentrations and time of exposure. The generation ROS were maximum at sub-
lethal III at day 7. After exposure to sublethal concentrations of Bi,OsNPs for day 1, 3 and 7 significantly
elevated malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione S-transferase (GST)
levels with simultaneous decline in glutathione (GSH) in pancreatic gland tissues of treated snails.
Moreover, Bi,O3NPs elicited a significant percentage of apoptotic/necrotic heamocyte cells hemolymph
of exposed snails. A parallel tendency was seen for the fragmentation of DNA as determined in terms
of the percentage of tail DNA and olive tail moment in pancreatic gland tissue of exposed snails. This
study highlights the toxic perturbation of Bi,O3NPs in water bodies and may be useful to monitor the
application and disposal of NPs.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

[Gellstrom, 1997). Bi,O3NPs run off into ponds and ocean due to
rainfall. Bi,OsNPs are agglomerating in water and form macropar-

The integrity of DNA is continuously challenged by a variety of
exogenous and endogenous DNA-damaging agents. Now a days
application of heavy metals are increased in industry all over the
world. Metals induced toxicity in aquatic organism due to bioaccu-
mulative nature of metals in tissues of organisms (Handy and
Shaw, 2007). Due to large manufacture and huge releasing of bis-
muth nanoparticles (Bi,O3NPs), risk of ecotoxicity of NPs has
increased in last few decades (Rand et al., 2004). The NPs has detri-
mental effect on living organism of aquatic ecosystem (Yassi and
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ticles and settle down in sediment. Bismuth compounds are less
cell toxic and bio accumulative in comparison to other heavy met-
als such as antimony, lead and arsenic (Tchounwou et al., 2012,
Badireddy and Chellam, 2014). Bismuth is used in pigments and
drugs, such as Pepto-Bismol (Yang and Sun, 2007). Antonio et al.,
(2019) reported that bismuth lipophilic nanoparticles showed
antimicrobial effect. Bi,OsNPs has been used in breast cancer ther-
apy (Junjie et al., 2018). Induction of ROS is the dominant mecha-
nism of cellular damage for most nanomaterials due to their higher
chemical reactivity. Release of metal ions from nanoparticle disso-
lution is another important mechanism for toxicity of some
nanoparticles (Johnston et al., 2010). DNA double-strand breaks
can be induced either directly by exposure to ionizing irradiation
or indirectly by the topoisomerase I inhibitor camptothecin, which
causes replication fork stalling and collapse in actively cycling cells
(Houk and Waters, 1996). Therefore, in this study, the L. luteola
species were considered ideal organisms for evaluating the toxicity
of Bi,O3NPs in the sediment and water. Due to benthic locomotory
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activity and feeding habits snail makes them vulnerable to ele-
vated concentration of Bi,O3NPs in the sediments. The L. luteola
was used as test model because of their important role in freshwa-
ter systems as they represent a significant part of fish and water-
fowl diet in the South Asian countries. This study was designed
to investigate the bioaccumulation, oxidative stress and genotoxic
effect of Bi,OsNPs on fresh water snail L. luteola.

2. Materials and methods
2.1. Chemicals

The bismuth oxide nanoparticles (Bi,OsNPs) was bought form
US Research Nanomaterials, Inc. USA. SSB (5 mM HEPES, 3.7 M
NaOH, 36 mM NaCl, 2 mM KCl, 2 mMMgCl,, 4 mM CaCl,, pH
7.8), EDTA salt, DMSO, Annexin V FITC, propidium iodide were pro-
cured from M/s. Sigma (St. Louis, MO, USA). All other chemicals
were purchased from local markets.

2.2. Collection of test organism

The test organism (L. luteola L.) (average size 20 mm, average
weight of 425 mg) was brought from fresh water ponds and trans-
ferred to the experimental aquarium. Snails were kept for acclima-
tization at 24 + 2 °C in lab aquarium for 15 days before the start of
the experiment and fish were fed daily leaves of Marsilia sps. plant.

2.3. Characterization of Bi,O3NPs

2.3.1. Scanning electron microscopy (SEM)

Morphological structural image of BiO3NPs were captured
using scanning electron microscope (JEOL, JEM 2100F, Ltd, Tokyo,
Japan).

2.3.2. Transmission electron microscopy (TEM)

Bi,O3NPs (10 mg) was suspended in MilliQ water (10 ml). The
carbon coated copper grid was immersed into the suspension
(100 pg/ml) of Bi,OsNPs and grid was dried in incubator for 24 h.
After drying the grid, the image of nanoparticles were captured
by using a transmission electron microscope at 120 kV (JEOL Inc.,
Tokyo, Japan).

2.3.3. Determination of DLS size of Bi,O3NPs

Bi;O3NPs (100 pg) was added in one ml in MilliQ water and son-
icated at 40 W for 10 min by sonicator. The size of Bi203NPs NPs in
suspension was measured using dynamical light scattering (DLS,
Nano-Zeta Sizer-HT, Malvern, UK) as described by Ali et al., (2014).

2.4. Determination of test water parameters

Physiochemical properties of test water such as temperature,
pH, dissolved oxygen, total hardness, and total conductivity were
determined according APHA (2005) methods.

2.5. Determination of LCso -96 h value and sub lethal concentrations

The lethal concentration of Bi,OsNPs on L. luteola was deter-
mined as per APHA et al, (2005) standard protocols. Bi,O3NPs
(10 mg) was suspended in water (10 ml) and this suspension
was considered as stock solution. Ten accustomed snails were trea-
ted to different concentrations of Bi,OsNPs (0, 5, 10, 20, 40, 80, 160,
320 pg/ml). Death of snail was counted after 24 and 96 h of expo-
sure of Bi,O3NPs. The mortality of snail in percentage in different
concentrations of Bi,OsNPs was calculated at 24 and 96 h treat-
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ment. The test water of beaker was changed and re-exposed to Bi;-
O3NPs after 24 h until 96 h. Test was done in triplicate to confirm
the data. The median lethal concentration was evaluated by using
computer software Probit analysis. Photoperiod was controlled to
simulate the natural day:light cycle (12 h: 12 h). The LCso- 96 h
value of BiOsNPs was calculated as 72.60 pg/ml for L. luteola fol-
lowing the probit analysis method as described by Finney (1971).

Based on the LCso- 96 h three concentrations of NPs viz., sub
lethal I (1/4th of LCso = 18.15 pg/ml), sub lethal II (1/2nd of
LCso = 36.30 ug/ml), and sub lethal III (2/3rd of LCso = 48.4 pug/m
1) were used for the sub lethal study.

2.6. Exposure of Bi,O3NPs

The L. luteola was exposed to three sub lethal concentrations of
Bi,OsNPs in semi static system for 1, 3 and 7 days. Digestive glands
and haemocyte were collected at 1, 3 and 7 day at the rate of 5
snails per exposure time. The fifteen snails were maintained in
tap water for negative control.

2.7. Preparation of sample for ICP-MS

The digestive gland tissue (10 mg) was mingled with nitric acid
(conc. HNO3, 10 ml) and perchloric acid (HClO,4, 2 ml) in flask. The
flak was warmed at 100 °C on hot plate in fume hood until yellow-
ish color was faded. After cooling, 50 ul H202 was added. The
digested sample was vaporized up to 1.5 ml and diluted with
dH,0 to 50 ml and filtered with Whattman filter paper. The sam-
ples were analyzed using inductively coupled plasma mass spec-
trometry (ICP-MS) (APHA, 2005).

2.8. Estimation of ROS in hemolymph

Intracellular ROS induction was studied by two methods: fluo-
rometric analysis and microscopic fluorescence image. In fluoro-
metric analysis, ROS was determined by oxidation of carboxy-
H2DCFDA. After oxidation cationic dye easily included in cells
and becomes fluorescent after being oxidized in the cytoplasm of
cells by ROS.

After collection the hemolymph of control and exposed L. lute-
ola and were mixed with 5 pM carboxy-H2DCFDA and incubated
at RT in dark for 15 min.

Later incubation of samples, the fluorescence was determined
at two wavelength 485 nm and 535 nm by applying Synergy H1
microplate reader (Omega Fluostar). The intensity of unexposed
control well was assumed to be 100%.

A analogous set of experiment was carried out to determine
quality intensity of ROS of hemolymph sample was analyzed for
intracellular fluorescence using upright fluorescence microscope
equipped with CCD cool camera (Nikon Eclipse 80i equipped with
Nikon DS-Ri1 12.7-megapixel camera).

2.9. Oxidative stress

Induction of oxidative stress markers (e.g. GSH, SOD and GST)
were measured by applying kits (Cayman chemical company, Ells-
worth Rd, Ann Arbor, MI 48108, USA) following the manufacturer’s
instructions. Lipid peroxidation (LPO) in digestive glad cells was
measured by the measuring the generation of malondialdehyde
(Ali et al., 2012). A mixture of 100 pl of digestive gland tissue
extract, 100 ul of TCA and 1 ul of TBA were mixed and warmed
in boiling water bath for 60 min. After cooling 1 ml of n-butyl alco-
hol was added to the test tubes and centrifuged at 3000 rpm for
10 min. The absorbance of the sample was measured at 532 nm
using a blank containing all the reagents except the sample. All
of the tests were performed three times.
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Table 1

Physiochemical characteristics of test water.
Parameters Values
pH 5.50-7.35
Temperature 22.6-24.0 °C
Chloride (pg/ml) 44.0-51.0
Dissolved oxygen (mg/l) 6.20-8.04
Total hardness (as CaCo3) pg/ml 152.0-192
Conductivity (uM/cm) 240.5-290

2.10. FACs

To observe the apoptotic hemocyte cells in exposed and unex-
posed snails hemolymph was collected from in glutaraldehyde
and resuspended in binding buffer (100 pl, 1x), allocate in FACS
tube, and mixed with Annexin V-FITC (conjugated with fluorescein
isothiocyanate, with 5 pl) and PI (10 pl). Later incubation for
25 min at RT in dark, 385 pl of 1x binding buffer was mixed to
each tube and analysed using flow cytometer (BD LSRII analyzer,
Becton Dickinson, USA) with “CELL Quest” software) immediately.

2.11. Measurement of DNA damage

Determination of DNA damage pancreatic cells of snail after
treatment to NPs was measured applying Comet assay as described
by F. Ali et al. (2008).

We have prepared two slides from each concentration and
scored and analysed 50 cells/slide (100 cells per concentration)
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Fig. 2. Acute toxicity of Bi303NPs on freshwater snail Lynmea luteola n = 3, *p < 0.05
and **p < 0.01 vs. control.

by using Comet software (Komet-5.0, Kinetic Imaging, Liverpool
UK.).

2.12. Statistical analysis

Data was presented as average (+SE) and statistically analysed
using one way analysis of variance (ANOVA). At least two indepen-
dent experiments were performed in duplicates for each exposure.
The p-value less than 0.05 and 0.01 were considered statistically
significant and highly significant, respectively.
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Fig. 1. Image of BiNPs captured by (a) SEM (b) TEM (c) Percentage of BiNPs size in TEM micrograph.
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Table 2
Accumulation of Bi in digestive glands of snail.

Tissues Exposure concentrations
Digestive Control Sub-lethal I ~ Sub-lethal II Sub-lethal III
glands
0.012 +0.001 0.03+001 0.082+0.016 0.104+0.009

All values are mean =+ S.E.

3. Results
3.1. Experimental water quality

During the experiment the water quality of test water was mea-
sured and parameter such as pH of water (5.50-7.35), temperature
(from 22.6 to 24.0 °C) and dissolved oxygen (DO) (6.20-8.04 mg/1
were found (Table 1). Hardness of water was found 152.0-192 pg/
ml as CaCOs. The Cl~ level and conductivity of test water were 44.
0-51.0 pg/ml and 240.5-290 pM/cm and respectively (Table 1).
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3.2. Characterization of Bi;O3NPs

The Bi;O3NPs were characterized using scanning electron
microscope and transmission electron microscope and showed
specific properties which play a specific role in the mechanisms
of toxicity. We have observed the shape and size of NPs were sheet
like 1 um in SEM micrograpgh (Fig. 1a) and their average size were
43,50 + 2.50 nm and round/rectangular shape in TEM micrograph
(Fig. 1 b, c). The hydrodynamic size and zeta potential of Bi2O3NPs
were 125.10 nm and —10.8 mV, respectively.

3.3. Median lethal concentration

After exposure of BiOsNPs the mortality of snails were
observed 0%, 2%, 6%,10%, 30%, 55%, 82% and 100% at control, 5 ug/
ml, 10 pg/ml, 20 pg/ml, 40 pg/ml, 80 pg/ml, 160 pg/ml and
320 pg/ml of nanoparticles exposure, respectively in 96 h (Fig. 2).
In this experiments we found LC5.96 h values of Bi,O3NPs for snail
was 72.60 pg/ml (Fig. 2).

Sub lethal Il Sub lethal 11l

Concentration

(k)

Fig. 3. Induction of intracellular ROS generation in heamocyte cells of L. luteola after exposure to BINPs for 1, 3, 7 days. Photomicrograph of DCF intensity (ROS generation) in
heamocyte cells analyzed by fluorescence microscope using DCFDA staining (a) control (b). Sub lethal I for day 1 (c). Sub lethal II for day 1 (d). Sub lethal III for day 1 (e). Sub
lethal I for day 3 (1). Sub lethal II for day 3 (g). Sub lethal III for day 3 (h). Sub lethal I for day 7 (i). Sub lethal II for day 7 0). Sub lethal III for day 7 (k). Intracellular ROS
generation in heamocyte cells of thrteola for different concentration of BNPs for day 1, 3 7. Each value represents the mean * SE of three experiments. *p < 0.05 and ¢*p < 0.01

vs. control.



M.A. Al-Abdan, M.N. Bin-Jumah, D. Ali et al.

35
g s ok ——
‘2:.. 25 ** dok T
o0
g o -
< * —t—day 1
15 % *
> /ﬁ/ ~@—day 3
9 1
3 = ——day7
% 05 &
o T T r ]
Control Sub lethal | Sub lethal Il Sub lethal il
Concentration
@)
24 ok ———
- A
= = *
< 16
=
g- 12
%n =—t—day 1
S 8 —B—day 3
8 —fr—day 7
& 4
o] T T T 1
Control Sub lethall  Sub lethalll  Sub lethal il

Concentration

©

Journal of King Saud University — Science 33 (2021) 101355

12

~ 10 r
3
g
]
z 6 —t—day 1
2
3 4 ~f-day 3
©
~—d—day 7

S 2 =
=

) -+ - -

Control Sub lethal | Sub lethal Il Sub lethal il
Concentration
35 e
1

c =0 A**
] *
7]
8 25 -+
ot
o N
l‘éo 20 S
> —t—day 1
E 15
E —f—day 3
£ 10 —d—day 7
% s
Q

0 T T T ]

Control Sub lethall  Sub lethalll  Sub lethal il

Concentration

@
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Fig. 6. Correlation of induction of GSH and DNA damage in digestive glands of snail after exposure to control, sublethal III for (a). Day 1 (b). Day 3 (c). Day 7.

3.4. Behavioral responses of test snail

After the exposure to Bi,OsNPs, the experimental snails were
moving to and fro in container and then stuck to the surface of
water tank. Snails were lost their chemo sensitivity and they did
not attract to food material at 320 pg/ml nanoparticles exposure.
The snails were settled down on bottom of reservoir and become
dead as increase concentration of Bi;O3NPs exposure in 96 h. At
lower exposure concentration, there is no effect on snails and most
of snails were remain at the surface of the water or attached to the
wall of the container. The color of foot and shell become discolored
and leading to paralysis and finally death at maximum concentra-
tion of nanoparticles exposure.

3.5. Accumulation of Bi>O3NPs in digestive gland of snail

The Bi accumulation in digestive gland of exposed snail was
determined using ICP-MS and the concentration of Bi metal
increase according concentration dependent manner (Table 2).

3.6. ROS generation in hemolymph and oxidative stress in digestive
glands

Intracellular ROS generation in heamocyte cells was measured
by using DCFDA. DCF intensity (generation of ROS) was increased
significantly (p < 0.05) at lower concentration at day 1 on the other
hand it increased highly significant (p < 0.01) at higher concentra-
tion at 3, 7 day in haemocyte cells (Fig. 3a-k). Level of LPO was
determined by estimating the production of malondialdehyde
(MDA) in hemolymph of snail. LPO level was high significantly
increased (p < 0.01) at sub lethal III dose, at day 7 (Fig. 4a). GSH

content was decreased according duration and dose dependent
manner (Fig. 4b).

The SOD level and activity of GST in hemolymph of NPs exposed
snail were significantly increased at sub lethal III dose, at day 7
(Fig. 4c-d).

3.7. Apoptosis in heamocyte cells

After exposure to NPs to investigate the apoptotic/necrotic
heamocyte, we have used fluorescent dye (annexin V FITC and
PI). The treatment of NPs showed a significant (p < 0.01) increase
in apoptotic/necrotic heamocyte cells (21.5%) as compared to con-
trol specimens (Fig. 5a-e).

3.8. DNA damage

DNA damage in pancreatic cells of NPs exposed snail was inves-
tigated by measuring % tail DNA and olive tail moment (Fig. 7a-i).
Under the gel electrophoresis, the DNA of digestive gland cells
moved faster towards the anode at sublethal III concentration of
day 7 than the sub lethal I, Il concentration for day 1, 3 (Fig. 7a-
i). We have observed the positive correlation between reduction
of GSH and induction of DNA damage for all concentration and
durations (Fig. 6a-c).

4. Discussion

The expansion of ecotoxicology has delayed behind of toxicol-
ogy, nanoecotoxicological study has grown slowly than nanotoxi-
cology. Nanoecotoxicology studies motivated on harmful effect of
nanoparticles on aquatic organisms e.g. snails, fish and daphnids
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Fig. 7. DNA damage in digestive gland tissue of L. luteola after exposure to BINPs for 1, 3, 7 days. Photomicrograph of comet assay (DNA damage) in digestive gland cells
analyzed by fluorescence microscope using EtBr staining (a) control (b). Sub lethal I for day 3 (c). Sub lethal I for day 7 (d). Sub lethal II for day 3 (e). Sub lethal II for day 7 (f).
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(Kahru and Ivask, 2013). The development of nanotechnology has
recently increased extensively to such a level that nanoparticles
have become an important component of domestic and industrial
products (Walters et al., 2014). The freshwater gastropods L. luteola
is found in south Asian countries and reported as threatened species
in the world (Madhyastha et al., 2010). Freshwater snails are also
an important food source for many fish, turtles, and other species
of wildlife (Fig. 7).

The result of the current study showed that treatment of Bi,Os-
NPs changes the behavioral response of normal snail. The change in
behavior of L. luteola indicates the decline of quality of test water.
So behavioral study is an important parameters of an organism’s
response to stress including environmental contaminants. Bi,O3-
NPs induced oxidative stress, apoptosis and DNA damage induced
in snail according dose and time dependent manner. We have
found LCso 96 h values of Bi;O3NPs was 72.6 pg/ml. Lushchak
(2012) and Ali et al. (2012) have reported that GSH played an
important protective role against reactive oxygen species in animal
cells by used as a substrate for glutathione peroxidase. Reduction
of GSH increases the understanding of cells to different pollutants
and metabolic effect. The observation of the current study demon-
strated a correlation between the enlargement of lipid peroxida-
tion, DNA damage and a result reduction of GSH levels. Wang
et al. (2018) reported SOD expedites the breakdown of superoxide
radicals. The free radicals reacts with other product of oxidative
phosphorylation, consequently leading to the generation of hydro-
gen peroxide (Briehl and Baker, 1996). The results of the this study
showed slight increase in SOD activity after treatment of sublethal
I, I, whereas a highly significant enhancement was seen at sub-
lethal III Bi,OsNPs for day 1, 3 and 7 in digestive glands of exposed
snail. The major phase of enzymatic detoxification in many species

is the conjugation of activated xenobiotics to GSH catalyzed by the
GST (Emma and Pierre, 2014). ROS formation lead an important
role in oxidative stress of cells. Formation of ROS could induced
oxidation of DNA and breakage of strands, leading to high apop-
totic and necrotic cells. Ali et al., (2011) reported that free radicals
formed in mitochondria of cells which moderately account for
these ROS.

In this study comet assay was used because pH more than 13 is
supposed to exploit the expression of alkali-labile sites as single
strand breaks. Ecogenotoxicity biomarkers have been applied as
initial hazardous indication of ecological pollution (Hund-Rinke
and Simon, 2006). Alkaline single cell gel electrophoresis is widely
used in the area of toxicology to investigate the toxic effects of
nanoparticles (Mahaye et al., 2017; Akcha et al. 2003). In this study
we have investigated the genotoxic properties of Bi,OsNPs in fresh-
water snail and our results was in line with our previous study of
zinc oxide nanoparticles exerted toxicity in snail (Ali et al., 2012).
Studies have found that nanomaterials causes oxidative stress
and genotoxicity in different types human cells and aquatic organ-
ism (Gao et al., 2018).

The results of this study demonstrate, the first ecogenotoxicity
assay of Bi;O3NPs on fresh water snail L. luteola. Results of this
study indicated concentration and exposure duration response cor-
relation in the toxicity of Bi,OsNPs in snails. In future, experiments
are required to measure the present ecological burden of NPs in
fresh and marine ecosystems.
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