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Abstract

Titanium dioxide nanoparticles (TiO2-NPs) have a wide assortment of uses in numerous shopper items, including as food
added substances, expanding the worry about the potential risks that TiO,-NPs might posture to human wellbeing. These
transformation pathways can have strong implications for the fate, transport, persistence, bioavailability and toxic-effects of
the NPs. Besides, after inward breath or ingestion, TiO,-NPs can arrive at a few organs, like the liver, cerebrum or lungs. Rate
weight acquire (%WG) in treatment bunches showed critical contrasts from the basal eating regimen (TO) took care of
gathering which underlines the significance of appropriate test conditions unfriendly impact on the development of fingerlings
of Labeo rohita. This examination was directed to assess the impact of TiO2-NPs on the development of fingerlings of Labeo
rohita. TiO,-NPs were utilized in various fixations (1 mg/kg, 10 mg/kg, 100 mg/kg and 1000 mg/kg) blended in fish basal feed
for a time of 12 weeks. The death rate was recorded once the fish were accustomed, after TiO,-NPs openness. The
development long (cm) and weight (g) of the fish was estimated to assess the time and fixation subordinate development of the
fingerlings. Hence, TiO2-NPs in regular water bodies might influence the hydroponics business just as India fisheries.
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Introduction

Freshwater aquaculture in India contributes to over 95% of
the total aquaculture production. The Indian significant carp,
Labeo rohita is the most famous and overwhelming species
refined in the Indian subcontinent. Titanium dioxide
nanoparticles (TiO-NPs) are among the most mainstream
fabricated and generally utilized nanoparticles [, They are
delivered into the climate, influencing earthly and sea-going
biological systems, with startling outcomes to creatures and
human wellbeing. The current examination researches the
interceded harmfulness forced to the freshwater fish species,
zebrafish (Danio rerio) and the prussian carp (Carassius
gibelio), and to the earthly land snail Cornu aspersum, after
their openness to sublethal convergences of TiO>-NPs 2,
Oxidative, proteolytic, genotoxic and apoptotic boundaries
in fish liver and gills, just as on snail hemocytes were
considered and the swimming execution was assessed to (a)
gauge and recommend the most powerless creature, and (b)
propose a typical battery of biomarkers as the most
appropriate pointer for biomonitoring concentrates against
TiO2-NPs Bl Our in vivo analyzes showed that NPs initiated
adverse impacts on creature physiology and swimming
conduct, while no broad example was seen in species and
tissues responsiveness. By and large, TiO,-NPs appeared to
initiate a gathering of atoms that are normal for amphibian
just as earthly creatures, suggesting the presence of a saved
component. Titanium dioxide nanoparticles (TiO,-NPs) are
among the most well known made nanoparticles,
progressively being joined into an assortment of mechanical
and human items with respect to model paints, garments,
beauty care products, drug, food and individual
consideration items because of their high security,
anticorrosion qualities and high photo catalytic action 1.

These metal oxides are delivered into the climate,
influencing earthbound and amphibian environments, with
unforeseen outcomes to living beings and people. They can
enter the organic entities through different ways, where they
are packed in organs, causing a few biologic responses and
altering physicochemical properties in frameworks and
tissues 1. Various gatherings of creatures for example fish.
As per the boundaries estimated each tissue reacted
contrastingly against TiO,-NPs openness. As our
relationship results uncovered, it appears to be that liver in
C. gibelio is more helpless than gills, when MDA and
ubiquitin were thought of. In mouse liver cell the sign
transducing occasions after TiO,-NPs incorporate the cost
like receptor initiation, that begins protein kinase
phosphorylation and movement of NF-kB from the
cytoplasm to the cores lastly prompts irritation [ 7,
Additionally revealed liver as the most helpless organ to
TiO2-NPs openness, subsequent to looking at liver, gill and
mind tissues of Cyprinus carpio. Broad n TiO, application
and ubiquity of Cd might improve the shot at their co-
openness to human. For instance, Cd-defiled food items
contributed generously to add up to Cd admission by all
inclusive community in numerous nations . PGPB are
additionally progressively being elevated as soil inoculants
to work on rural efficiency, and as substitutes for compound
composts 1. With PGPB assuming a particularly essential
part in soil fruitfulness, it becomes basic to assess the
impact of TiO2-NPs on these microscopic organisms. MeO-
NPs are acquainted with the climate through various
pathways, like waste expulsion (effluents, strong waste
evacuation), deliberate applications for various purposes,
and incidental delivery during creation and utilizations (19,
Among these courses, squander water release is the
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fundamental pathway for the NPs delivery to the climate.
Subsequently, different NPs are being recognized in
different natural frameworks across the world. In the wake
of being delivered, NPs can connect with various natural
parts, go through changes and display distinctive conduct
from their perfect structure 1. The principle change
measures are conglomeration/agglomeration, adsorption,
affidavit, disintegration, redox responses, and association
with macromolecules through different instruments, and
these cycles are interlinked marvels of NPs in the climate.
The cycles are influenced by practices of the NPs (for
example size, morphology, surface charge), and states of the
medium like IS, pH, temperature, and the presence of
different parts (NOM, proteins, polysaccharides, extremists,
surfactants) (2, Be that as it may, fish exist in bound
oceanic conditions (lakes, lakes, confines and so on),
particularly the cultivated fishes in hostage condition are not
equipped for evading them from every day or occasional
changes in water temperature. Thusly, to sort out the impact
of temperature changes on fish species, warm resistance and
acclimation studies have seemed an impressive strategies for
researchers. Acclimation temperature assumes a significant
part in the warm resistance study. Acclimation can be
characterized as the absolute capacity of fishes to adjust to
short or long haul changes in their general climate. It has
been seen that the life forms that show high physiological
versatility more prominent capacity to acclimate to the new
warm condition, can all the more likely make due in a warm
variances or in a living space that go through unexpected
warm changes [*%l.  Better ~Moreover, numerous
microorganisms advance plant development in a roundabout
way by forestalling multiplication of plant microbes.
Antibacterial impacts of TiO,-NPs have been generally
concentrated on unadulterated societies of Staphylococcus
aureus, Escherichia coli and Pseudomonas aeruginosa, and a
couple clinical disconnects [, Since it is realized that TiO;
has antibacterial action, it could affect sly affect microbes in
soil. Microorganisms in soil play significant life-supporting
jobs - reusing components, separating natural matter,
advancing plant development, and so forth, hence adding to
plant efficiency. An immediate advancement of plant
development is achieved when these microorganisms utilize
any at least one of the accompanying components - nitrogen
obsession, phosphate  solubilisation and union of
phytohormones, siderophores, chemical 1-
aminocyclopropane-1-carboxylate ~ (ACC)  de-aminase,
hydrolytic catalysts, HCN or anti-toxins. Biofilm
development is likewise a beneficial property in plant
development advancing microbes (PGPB) as they can
oppose abiotic stresses.

Material Methods

Fish collection

The fresh water Rohu (Labeo rohita Ham.) were collected
from Saliyamangalam, Thanjavur District, Tamil Nadu,
India.
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Fig 2: Study area

Fish husbandry

Labeo rohita fingerlings, having a normal introductory load
of 14. 8 £ 0.15 g and an underlying length of 13 £ 0.11 cm,
were solid fish of uniform sizes were chosen and given a
KMnO4 shower to eliminate any ectoparasites present.
Preceding openness, fish were accustomed under 12 h
light/dim routine in 100 L substantial tanks and took care of
with basal eating regimen two times per day.

Diet formulation

The basal eating regimen (30% feed) and TiO, nanoparticles
anatase (nano size < 25 nm, Sigma-Aldrich Corp, St. Louis,
MO, USA) were taken from the neighborhood merchants.
To acquire the test abstains from food, TiO, nanoparticles
were added at 1, 10, 100 and 1000 mg/kg to the basal eating
regimen, as per the exploratory convention. Molasses (7%)
was utilized as a fastener to join the powder feed and
structure a semisolid glue. This glue was gone through the
mincing machine to shape noodles of 4 mm size/thickness.
Noodles were cut into uniform little pellets, dried and saved
in hermetically sealed containers for some time later [*5],

Experimental design

The adjusted fish were separately gauged (g), estimated
(cm) and conveyed in fifteen substantial tanks at 50 fish for
each tank (59 x 34 x 40 cm) for all medicines three-fold
replication. Medicines were recognized by the convergence
of nanoparticles added to the feed as TO (control), T1 (1
mg/kg), T2 (10 mg/kg), T3 (100 mg/kg) and T4 (1000
mg/kg). Fish were kept up with in a move through
framework (stream rate 5.1-6 L hour_1) where water was
kept up with at a moderate temperature (29.4-30.1 _C), was
marginally antacid (pH = 7.4-7.6) and wealthy in
disintegrated oxygen (11.1-11.5 mg/l) throughout the
examination, in all medicines, as estimated with a HANNA
multi-boundary test HI 9829. Fish were taken care of with
test diet double a day (at 8 am and 8 pm) for thirty minutes
to guarantee that all feed was eaten. Fish in the benchmark
group were taken care of likewise with basal eating regimen
till satiation. Uneaten feed and waste material were
siphoned following the taking care of period. Fish were
developed for a time of 12 weeks and any dead fish were
taken out and recorded.

Fish sampling

Five fish from each tank (15 for every treatment) were
inspected on day zero and later on fortnightly. Fish were
euthanized by drenching them in ag. 3-aminobenzoic
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corrosive ethyl ester (MS-222, Sigma-Aldrich Chemical, St
Louis, MO; at 1.0 g/l), until the end of opercular
development. The fingerlings were washed in clean water;
paper dried gauged (g) and estimated for all out length (cm).
Development boundaries like weight gain and explicit
development rate (SGR) were determined by the
accompanying equations a.) And b.). Physicochemical
boundaries of the water like temperature, pH and broke
down oxygen were estimated every day.

. ) Final weight----initial weight
Weight gain —_—
Initial weight

rate Ln (Final weight) ---Ln (Initial weight)

Specific growth =
peetic g % 100

Experimental periods in days

Statistical analysis

Comparison of various parameters was computed by using
one way Analysis of Variance (ANOVA) and and Graph
pad PRISM v.8.0. Correlation with repeated sampling at
95% level of significance. Data are represented as means +
SEM. Statistical significance of differences among different
treatments was analyzed by Duncan’s Multiple Range test.
All the statistical analysis was performed with software
SPSS 24.0 version.

Result and Discussion

A higher mortality was observed in T3 and T4 as compared
to T1 and T2, whereas no mortality was recorded in the TO
group, highlighting the lethal effect of TiO>-NPs on the
freshwater fish Labeo rohita. These outcomes are in close
concurrence with the announced qualities for Oreochromis
niloticus which showed 40%, half and 80% mortality at a
nanoparticle convergence of 150, 175 and 200 mg/L
individually, in 96 h. All things considered, the mortality
was 100% at a nanoparticle convergence of 225 mg/L inside
24 h 08, This species likely got away from raising
homesteads around the Karun River because of reckless
administration. Presentation of outlandish freshwater fishes
is normal in hydroponics overall treating local biodiversity.
Boundless use of titanium dioxide nanoparticles (n TiO,)
and pervasive cadmium (Cd) contamination might build
their shot at concurrence in the common habitat.
Toxicological data on co-openness of n TiO, and Cd in
mammalian models is to a great extent lacking. Henceforth,
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we considered the joined impacts of nTiO, and Cd in human
liver (Hep G2) and bosom disease (MCF-7) cells M1, We
saw that n TiO, didn't create poisonousness to HepG2
andMCF-7 cells. Be that as it may, moderate convergence of
Cd openness made cytotoxicity the two cells. Strangely,
non-cytotoxic grouping of n TiO, adequately upgraded the
oxidative pressure reaction of Cd demonstrated by
supportive of oxidants age (responsive oxygen species,
hydrogen peroxide, and lipid peroxidation) and cancer
prevention agents consumption (glutathione level and
glutathione reductase, superoxide dismutase, and catalase
compounds). Particularly, fingerlings of L. rohita of
gathering T4 showed an essentially (P < 0.05) higher death
rate when contrasted and bunch TO. The mortality found in
the current investigation may be because of different
attributes of the TiO,-NPs including the shape, size and
sythesis. In the trials, the physicochemical boundaries of
water like saltiness, temperature, broken down oxygen and
pH were completely kept up with in the typical reach,
appropriate for Labeo rohita, and the fish were taken care of
similarly.

Table 1: proximate analysis of the experimental feed

S.no Proximate analysis Experimental feed %
1 Crude Protein Min. 40%
2 Crude Fat Min. 6.2%
3 Crude Fiber Max. 6.9%
4 Moisture Max. 10.5%
5 Ash Max.8.7%

In the current examination, some conduct changes in the
fish like imbalanced body, quake and vertical situating
before death at high centralizations of TiO, nanoparticles
were likewise recorded. These conduct changes are as per
(181 The body and social changes in zebra fish at high
centralization of titanium dioxide nanoparticles for long
haul openness were reported [9.  Likewise, high
convergences of silver nanoparticles have been accounted
for to prompt conduct changes in the fish and to deadly
respiratory impacts in zebra fish, where surface breath and
expanded operculum development were noticed 2%, The
retarded growth in the fish species was probably outstanding
to the production of reactive oxygen species (ROS) in the
presence of TiO,-NPs that hamper the cell membranes and
cause oxidative stress related effects.

Table 2: Growth performance in fingerling of rohu (Labeo rohita), (WG-Weight Gain), (SGR -Specific Growth Rate) and (L- Length) fed
with basal and experimental diets with different levels of nanoparticles given as Means + S.E.

S. Parameters| Treatment Initial Weight and weight Gains in n* week
No Weight gain in nt week
1 1st 2nd 4th 6th 8th 10th 12th
L T0 5.27+0.01a | 2.89+0.05a | 1.07+0.07ab |2.07+0.08ab| 1.77+0.07ab 3.20+0.05ab 1.69+0.05ab
| 2 | Tl 7.37£0.04a | 2.27+0.05a | 5.57+0.05ab |6.7+0.002ab| 8.5+0.005ab 9.57+0.05ab 9.87+0.05ab
| 3| WG T2 5.21+0.03a | 5.49+0.05a | 7.37+0.05ab |9.37+0.02ab| 11.7+0.07ab 13.0+0.07ab 14.0+0.02ab
| 4 | T3 4.17+0.05a | 1.97+0.05a | 0.39+0.05ab |4.27+0.10ab| 3.27+0.05ab 2.07+0.02ab 1.39+0.05ab
5 T4 4.04+0.05a | 3.69+0.05a | 2.87+0.05ab |1.7+0.040ab| 1.07+0.02ab 0.70+0.05ab 0.56+0.05ab
S. Parameters | Treatment Initial Weight and weight Gains in n'" week
No Weight gain in n" week
1 1st 2nd 4th Gth 8th 101h lzth
L T0 1.29 £0.07a| 1.77+0.02a | 0.87 +0.05a | 0.64+0.04a | 1.07+0.18a 0.69+0.10a 0.57 +0.03a
| 2 | Tl 1.0+0.0a | 1.75+0.05a | 0.79 £0.03a | 1.17+0.02a | 0.67+0.05a 0.72+0.03a 0.72 +0.02a
| 3| SGR T2 1.59 £ 0.07a| 1.00+0.07a | 0.57 £0.05a | 1.39+0.06a | 1.04+0.02a 1.09+0.06a 0.51 +0.02a
| 4 | T3 0.97 +£0.07a| 0.68+0.02a | 0.37+0.02a | 0.37+0.42a | 0.67+0.04a 1.17+0.03a 0.9 + 0.06a
5 T4 0.37+ 0.07a| 0.39+0.06a | 0.27+0.02a | 0.75+0.02a | 1.17+0.03a 1.07+0.05a 1.07 +0.05a

57



International Journal of Entomology Research

www.entomologyjournals.com

S. Parameters | Treatment Initial Weight and weight Gains in n" week
NO Weight gain in n week
1 1st 2nd 4th 6th 8th 10th 12th
L T0 2.37 £0.07a| 1.17+0.05a | 0.79+0.05ab | 0.28+0.05ab 0.59 +0.05ab 0.39+0.05a | 0.49+0.05ab
| 2 | Tl 3.27 £ 0.02a| 1.79+0.05a | 0.79+0.05ab | 0.97 +0.10ab 0.71 +0.05ab 0.39+0.05ab| 1.41+0.05ab
| 3 | Length T2 1.97+0.02ab| 1.36+0.05a | 0.92+0.05ab | 0.92 +0.05ab 0.92 +0.05ab 1.00+0.10ab| 1.19+0.05ab
| 4 | T3 1.97 +0.05ab| 1.36+0.05a | 0.89+0.05ab | 0.87 +0.05ab 0.87+0.05ab 1.00+0.10ab| 1.25+0.05ab
5 T4 0.67 +0.02ab| 0.47+0.05a | 0.72+0.05ab | 0.42 +0.05ab 0.41 +0.05ab 0.42+0.05ab| 0.36+0.07ab
*Different letters indicate significant difference where ax < 0.05, ay < 0.01.

Protein is the most important organic material needed to
construct and repair tissues and has an important role in
providing energy for fish 2%, In fish, protein breakdown in
order to provide energy and to deal with toxic effects of
paraquat, intermediate metabolites, and a combination of

TiO, nanoparticles and paraquat (under darkness) may
explain the significant decrease in total protein of plasma.
Reduction of total protein has a significant effect on
albumin and globulin levels in plasma of fish exposed to
nano- TiO; and paraquat.
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Fig 1: Growth performance in fingerling of rohu (Labeo rohita), A- (WG-Weight Gain), B- (SGR -Specific Growth Rate) and C- (L- Length)
fed with basal and experimental diets with different levels of nanoparticles given as Means + S.E

Table 3: Percentage weight gain (% WG in grams) and final
biomass (FB) in different treatments (Means + S.E).

S.No Parameters -Treatment
T1 T2 (10 | T3 (100 (T4 (1000
Control
(Img/kg) | mg/kg) | mg/kg) | mg/kg)

91.47 £ | 129.81 + |147.45 +£|100.97 £| 85.38 +
1 |%WG

1.42a 0.20ax | 0.60ax | 0.21ax | 0.77ay
2 b'i:(;rrﬁf:s 297+ | 35.27+ | 37.0+ [ 29.17+| 275+

s (9) 1.27a 1.07ax 0.5ax | 0.99ay | 0.67ay

Since monitor the effects of pollutants on varied organisms
is difficult, owing to their broad range of responses to a
known pollutant, it is critical to estimate the response of a
group of animal and single animal model. To our
knowledge, this is the first study that compares the effect of

the widely used TiO2-NPs on the responsiveness of tissues
of three animal models, of both aquatic and terrestrial
environments, in order to suggest reliable biomarkers and
bio indicators against NPs 2. Our in vivo analyzes
exhibited that NPs actuated impeding impacts on creature
physiology and swimming conduct. By and large, TiO2-NPs
appear to initiate a gathering of atoms that are normal for
sea-going just as earthbound creatures, inferring the
presence of a saved component 231, It appears to be that after
openness to TiO,-NPs, a typical instrument is actuated that
includes the incitement of resistant framework with the
creation of ROS, harm of lysosomal layer, protein
carbonylation, lipid peroxidation, DNA harm, following
proteolysis by ubiquitin lastly apoptosis. Consequently, the
concurrent utilization of the last biomarkers could be
recommended as a dependable multi boundary approach for
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bio monitoring of amphibian and earthly environments
against TiO-NPs 241, At long last, the conditions applied in
the current investigation and the centralizations of TiO2-NPs
tried, appearing to prompt oxidative damage to creature
cells, without influencing their endurance. Further
investigations of TiO,-NPs initiated harmfulness on creature
biochemical and physiological reactions are fundamental, to
guarantee their protected use and spillage to the climate.
Contaminations including nano-sized materials released into
water bodies influence oceanic environments by means of
their take-up by the amphibian living beings and their
collection in creature tissues after some time prompting
resulting gastrointestinal harmfulness. Who researched two
marine fish, red drum (Sciaenops ocellatus) and marine
medaka (Oryzias melastigma) which were presented present
moment to nano-ZnO nano particles. Constructive outcomes
were recorded at 80 mg/kg nano-ZnOs, while high dietary
expansion of ZnO-NPs (300 mg/kg) prompted hindered
development in medaka (stomach-less fish). Generally
speaking, it should be noticed that the current investigation
shows that the openness of fingerlings of L. rohita to TiO»-
NPs at convergences of 100 mg/kg feed or more contrarily
influences the development pace of the fish fundamentally.
Death rates as of now increment at lower focuses yet in
addition become huge at centralizations of 100 mg TiO2-
NP/kg feed or more.

Summary and Conclusion

TiO2-NPs help to advance the development of fish as far as
body weight, rate weight gain and SGR. Long haul openness
of TiOznanoparticles at high focuses was demonstrated to be
poisonous and surprisingly deadly for youthful freshwater
fish. Sea-going (water and dregs) and earthly compartments
are anticipated to be the objective of the delivered MeO-
NPs. In these compartments, the particles are exposed to
different unique cycles like physical, compound and organic
cycles, and go through changes which drive them away
from their perfect state 51, These change pathways can have
solid ramifications for the destiny, transport, determination,
bioavailability and harmful impacts of the NPs. In this basic
survey, we give the condition of-the-information on the
change cycles and bioavailability of MeO-NPs in the
climate, which is the subject important to specialists. Show
that NP take-up relies upon the focus, time and cell type.
Our investigation additionally builds up the significance of
cell model and testing convention decision for
poisonousness appraisal. Taking into account that TiO2-NPs
were electively disguised by all cell lines, yet no
genotoxicity was related, current information recommend
that TiO,-NPs dont a chromosomal honesty. The
methodology here introduced might be valuable in the
genotoxicity appraisal of different kinds of NPs, basically
reference materials in cell lines of various beginning and
delegates of NPs target organs. File of Preponderance (IOP)
uncovered that green growth, alongside protozoans, rotifers
and cladocerans were the most favored food things in the
more modest size gatherings and denoted a decay as the size
of the fish expanded. In the high level stages, macrophytes,
garbage and sand/mud were found to frame a significant
portion of food. In this way rohu has been classified as
omnivore-planktophage in beginning phases of life and
herbi-omnivore in grown-up stages. As found in our
investigation, powerlessness of Gram-negative
microorganisms even in bunches with comparative qualities
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was totally different. For instance, among the biofilm
formers, Azotobacter and Rhizobium were not as safe as
Klebsiella, Pseudomonas and Serratia. The idea of LPS
alterations and lipids in the external layer perhaps
answerable for the noticed contrasts in the vulnerability of
Gram-negative microscopic organisms. There is a need to
test a more extensive assortment of microbes, essentially of
various genera, utilizing normalized systems to assess
impacts of TiO,-NPs. Plant development elevating
microorganisms having a place with three gatherings, viz.,
nitrogen fixers, phosphate solubilizers and biofilm formers,
were altogether hindered in direct contact with TiO2-NPs.
The restraint showed a stage reaction which was disposed of
within the sight of rich development medium. The
nanoparticles give off an impression of being in hibitorier to
Gram-positive microscopic organisms recommending that
bacterial surface might play a significant part to play in
harmfulness of TiO,-NPs.

Acknowledgement

The author is also very grateful to the President of our
College Management Committee and has been unanimously
elected as the Secretary and Correspondent and the Principal
of A.V.V.M. Sri Pushpam College (Autonomous), Poondi-
613 503, Thanjavur (Dt), for providing the excellent
infrastructure and necessary facilities to carry out my
research work successfully.

Conflict of Interest
The authors have declared that there is no conflict of
interest.

Source/S of Funding
No source of funding.

References

1. Ahamed M, Akhtar MJ, Alaizeri ZAM, Alhadlaq HA..
TiO2 nanoparticles potentiated the cytotoxicity,
oxidative stress and apoptosis response of cadmium in
two different human cells. Environmental Science and
Pollution,2020:27:10425-10435.

2. Areecheewakul S, Adamcakova-Dodd A, Givens BE,
Steines BR, Wang Y, Meyerholz DK et al. Toxicity
assessment of metal oxide nanomaterials using in vitro
screening and murine acute inhalation studies. Nano
Impact,2020:18:100214.

3. Abbas F, Qureshi NA, Khan N, Ashraf M, Igbal KJ.
Study on the digestibility and growth potential of
artificial feed in Catla catla, Cirrhinus mrigala and
Labeo rohita. The Journal of Animal and Plant
Sciences,2019:29:695-702.

4. Baranowska-Woéjcik E, Szwajgier D, Oleszczuk P,
Winiarska-Mieczan A. Effects of titanium dioxide
nanoparticles exposure on human health-a review.
Biological Trace Element Research,2020:193:118-129.

5. Rahman MM, Alam MM, Asiri AM, Islam MA.
Fabrication of selective chemical sensor with ternary
Zn0O/Sn02/Yb203 nanoparticles. Talanta,
2017:170:215e223.

6. Bobori D, Dimitriadi A, Karasiali S, Tsoumaki-
Tsouroufli P, Mastora M, Kastrinaki G et al. Common
mechanisms activated in the tissues of aquatic and
terrestrial animal models after TiO2 nanoparticles
exposure. Environment International,2020:138:105611.

59



International Journal of Entomology Research

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Branddo F, Fernandez-Bertdlez N, Rosério F, Bessa MJ
et al. Genotoxicity of TiO2 nanoparticles in four
different human cell lines (A549, HEPG2, A172 and
SHSY5Y). Nanomaterials, 2020:10(3):412.
https://doi.org/10.3390/nan010030412.

Romero-Freire A, Lofts S, Martin Peinado FJ, van
Gestel CA. Effects of aging and soil properties on zinc
oxide nanoparticle availability and its ecotoxicological
effects to the earthworm Eisenia andrei. Environ.
Toxicol. Chem,2017:36:137e146.

Cai J. Zhuo X, Yan X, Lucente D, Lagana C. Top 10
species groups in global aquaculture, Food and
Agricultural Organization of the United Nations, 2019.
http://www.fao.org/3/ca5224en/ca5224en.pdf
(accessed), 2020, 4.

Chavan S, Sarangdhar V, Nadanathangam V.
Toxicological effects of TiO2 nanoparticles on plant
growth  promoting  soil  bacteria.  Emerging
Contaminants,2020:6:87-92.

Saba MK, Amini R. Nano-ZnO/carboxymethyl
cellulose-based active coating impact on ready-to-use
pomegranate during cold storage. Food Chem,
2017:232:721e726.

Dong LL, Wang HX, Ding T, Li W, Zhang G. Effects
of TiO2 nanoparticles on the life-table parameters,
antioxidant indices, and swimming speed of the
freshwater rotifer Brachionus calyciflorus. Journal of
Experimental Zoology,2020:333(4):230-239.

Du J, Xu S, Zhou Q, Li H, Fu L, Tang JH, Jin MQ. The
ecotoxicology of titanium dioxide nanoparticles, an
important engineering nanomaterial. Environmental
Toxicology and Chemistry,2019:101:165-189.

Khan I, Saeed K, Khan I. Nanoparticles: properties,
applications and toxicities. Arabian Journal of
Chemistry,2019:12(7):908-931.

Faiz H, Zuberi A, Nazir S, Rauf M, Younus N. Zinc
oxide, zinc sulfate and zinc oxide nanoparticles as
source of dietary zinc: Comparative effects on growth
and hematological indices of juvenile grass carp
(Ctenopharyngodon idella). International Journal of
Agriculture and Biological,2015:17(3):568-574.

Kumar S, Sahu NP, Deo AD, Ranjan A. Feeding de-
oiled rice bran based diet with varying level of protein
and lipid: Effect on physiological responses of Labeo
rohita. Aquaculture,2019:498:454-463.

Sendra M, Yeste MP, Gatica JM, Moreno-Garrido I,
Blasco J. Homoagglomeration and heteroagglomeration
of TiO2, in nanoparticle and bulk form, onto freshwater
and marine microalgae. Sci. Total Environ,
2017a:592:403e411.

Matet A, Behar-Cohen F, Cassoux N, Decléves X,
Cisternino S. Retinal and choroidal cancers: Blood-
retinal barriers considerations in ocular chemotherapy.
In: Drug efflux pumps in cancer resistance pathways:
From molecular recognition and characterization to
possible inhibition strategies in chemotherapy. Elsevier,
2020, 303-335

Peng YH, Tsai YC, Hsiung CE, Lin YH, Shih YH.
Influence of water chemistry on the environmental
behaviors of commercial ZnO nanoparticles in various
water and wastewater samples. J. Hazard. Mater,
2017:322:348e356.

Yu Q, Wang H, Peng Q, Li Y, Liu Z, Li M. Different
toxicity of anatase and rutile TiO2 nanoparticles on

21.

22.

23.

24.

25.

www.entomologyjournals.com

macrophages: involvement of difference in affinity to
proteins and phospholipids. J. Hazard. Mater,
2017:335:125e134.

De Loid GM, Cohen JM, Pyrgiotakis G, Demokritou P.
Preparation, characterization, and in vitro dosimetry of
dispersed, engineered nanomaterials. Nature protocols,
2017a:12(2):355-371.
https://doi.org/10.1038/nprot.2016.172. (Epub 2017/
01/20, PubMed PMID: 28102836; PMCID:
PMC5857388).

Vidya PV, Chitra KC. Assessment of acute toxicity
(LC50-96 h) of aluminium oxide, silicon dioxide and
titanium dioxide nanoparticles on the freshwater fish,
Oreochromis mossambicus (Peters, 1852). International
Journal of Fisheries and Aquatic Studies,2017:5(1):327-
332.

Zande M, Undas AK, Kramer E, Monopoli MP, Peters
RJ, Garry D et al. Different responses of Caco-2 and
MCEF-7 cells to silver nanoparticles are based on highly
similar mechanisms of action. Nanotoxicology,
2016:10:1431-1441.

Zeumer R, Galhano V, Monteiro M, Kuehr S, Knopf B,
Meisterjahn B et al. Chronic effects of wastewater-
borne silver and titanium dioxide nanoparticles on the
rainbow trout (Oncorhynchus mykiss). Science of the
Total Environment,2020:723:137974.

Picchietti S, Bernini C, Stocchi V, Taddei AR,
Meschini R, Fausto AM et al. Engineered nanoparticles
of titanium dioxide (TiO2): uptake and biological
effects in a sea bass cell line. Fish. Shellfish
Immunol,2017:63:53e67.

60



