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ABSTRACT

Nanoparticles have a size between 1 to 100 nm. Nanoparticles have applications in the production of agrifood,
biomedical products, fertilizers, herbicides, pesticides, sensors, food processing, food packaging, nutraceuticals,
diagnosis, drug delivery and treatment of diseases. Nanoparticles easily enter the environment unimpeded,
entering soil, water and air through various anthropogenic activities. In water, fishes quickly ingest or inhale
these nanoparticles. Due to their small size, nanoparticles easily enter the body and affect various tissues, and
they also easily cross the blood-brain barrier. This results in different toxic effects on the fishes, an essential part
of our ecosystem. Studies and research on fishes have revealed that various nanoparticles damage the gills, liver,
intestine, brain, and enzyme system of fishes. They also lead to decreased heart rate, curvatures of the axis,
delayed or early hatching, osmoregulatory failure, and genotoxic effects in fishes. Cerium oxide nanoparticles
induced fish mortality in Rainbow trout at an initial concentration of 10 ug/L in tap and green waters. Studies on
cell lines of various fish species such as rainbow trout, fathead minnow, zebrafish, goldfish, and haddock have
proved that Silica nanoparticles are toxic to their epithelial tissues of skin and gills. These findings agree with
similar human and mouse cell studies reported to date. If the nanoparticles accumulate in the fish tissue and the
same fishes are consumed by the organisms from other trophic levels, the nanoparticles accumulate, leading to
biomagnification. The release of nanoparticles in the environment must be checked and reduced. And further
detailed research needs to be carried out on the effects of nanoparticles in fishes, humans, and other animals.
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1. INTRODUCTION developed and exploited widely for many medical
applications [1].

Nanotechnology is a new area in science, and it is

making a lot of advancements concerning the Nanoparticles are between 1 to 100 nm and are

development of functional, engineered nanoparticles. ~ developed for use against diseases such as rheumatic

Today, various nanoparticles from metals have been  diseases, malaria, asthma and HIV/AIDS. Gold
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nanoparticles are favored over silver nanoparticles as
they are more stable, inert and biocompatible. The
gold nanoparticles are used in diagnosis, drug delivery
and treatment of diseases as they can quickly enter the
cell and bind strongly to the amine and thiol groups.
The gold nanoparticles have shown very few side
effects in the patients [2].

Fishes are a vital chordate organism in the
hydrosphere. They are found in all the water bodies
such as ponds, lakes, rivers, seas, and oceans
worldwide. As per estimates, there are about 32,000
fish species worldwide. The fishes are available in
various sizes, from a cyprinid fish, the world’s
smallest fish, only 0.3 inches long, while the Whale
Shark is one of the world’s largest at over 30 feet
long. The fish and fisheries provide food to the
billions and livelihoods for millions of people
worldwide. Fishes contribute immensely to their
ecosystem by providing the essential nutrients that
support the whole ecosystem. Worldwide, the fish
population is decreasing due to many reasons, such as
overfishing and climate change, and a critical reason
is an aquatic pollution. Aquatic pollution happens in
many forms, and there are different sources, such as
the chemicals from the production plants, plastics
from waste facilities, and fertilizers from agriculture.
Now new observation is through the nanoparticles
introduced into the aquatic system. The end result is
the same: it severely harms or kills the fish [3].

Scientific proofs suggest that certain nanometals can
bring a range of sublethal effects in fishes, including
respiratory toxicity, disturbance in trace elements in
tissue, inhibition of sodium-potassium — ATPase and
oxidative stress. Organ damage due to nanometals has
been found in various organs, including the gills,
liver, intestine, and brain of fishes. Effects on early
stages of fishes have been detected with reports of
nanometals crossing the chorion, basically the Silver
nanoparticles. Nano forms of some metals example,
Copper nanoparticles and Zinc oxide nanoparticles,
can be more toxic to the fish embryo and juveniles
than the equivalent metal salts [4].

It was observed that there was an increase in stress
molecules HSP 70 levels with an increase in the
concentration of silver nanoparticles in young
salmons. The Sodium — Potassium ATPase inhibition
was observed, and it increased with an increase in
exposure to silver nanoparticles, resulting in the
osmoregulatory failure in Salmon. A concentration of
silver nanoparticles at 100 ug/L has led to necrosis of
gill lamellae and mortality of 73 % of fishes. In
juvenile zebrafishes, the LC-50 was recorded at a
concentration of 1.78 mg/L for dissolved Copper and
0.71 mg/L for Copper nanoparticles showing that the
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metallic nanoparticles are more lethal than the soluble
forms [5].

Studies on embryos of Zebrafish have revealed that
exposure to positively charged gold nanoparticles has
caused malformation in the development of the eye
and pigmentation and resulted in behavioral changes
and damage to the nervous system. Titanium dioxide
nanoparticles induce early hatching in zebrafish
embryos. This was due to the obturated chorion pore
canals entirely caused by the Titanium dioxide
nanoparticles. In the embryos of Zebrafish, mortality
and malformations such as the reduction in thickness
of the intestine were seen upon exposure to nickel
nanoparticles. Similarly, the Platinum nanoparticles
exposure has resulted in decreased heart rate,
curvatures of the axis and delayed hatching in
Zebrafish embryos [5].

2. EFFECT OF NANOPARTICLES

The effect of cadmium sulphide nanoparticles has
been studied in the gills of a freshwater fish Channa
punctatus. It was noted that the exposure of Channa
punctatus to cadmium sulphide nanoparticles caused
injury to gill epithelium, loss of mucous cells and
appearance of a higher number of vacuolated cells [6].

Silver nanoparticles have been reported to affect
accumulation, DNA, development, and
reproducibility. In the study on freshwater fish,
Cyprinus carpio's effects on survival, embryonic
growth, and pigmentation at high concentration
exposure of silver nanoparticles have been seen [7].

Silicon dioxide nanoparticles are widely used in
medicine, engineering and industries. Oreochromis
mossambicus was exposed to a sublethal
concentration (12 mg/L) of Silicon dioxide
nanoparticles. After the exposure reduction in the
activities of antioxidant enzymes, superoxide
dismutase, catalase, glutathione reductase and
glutathione peroxidase with a concomitant increase in
the production of hydrogen peroxide and lipid
peroxidation was observed. Liver tissue also showed
induction of oxidative stress, which was evident by
the significant decrease in the activities of antioxidant
enzymes and the generation of hydrogen peroxide and
lipid peroxidation [8].

Exposure of Titanium dioxide nanoparticles to
Oncorhynchus mykiss, rainbow trout, has caused
respiratory problems and other sublethal effects in the
fish. Nanoparticles have a significant impact on
Oryzias latipes medaka fish and their embryos.
Nanoparticles were detected in the brain, testis, liver,
and blood of medaka. Micropterus salmoides,



Largemouth bass, when exposed to C60 fullerenes,
show significant lipid peroxidation in brains. Total
glutathione levels were also marginally depleted in
the gills of this fish [9].

Iron oxide nanoparticles induce genotoxic effects in
common carps by increasing the frequency of
micronucleus and other abnormalities of the red blood
cell core during a concentration-dependent process.
So, if the Iron oxide nanoparticles are released into
the environment, it will probably bring adverse effects
on aquatic ecosystems [10]. Cerium oxide
nanoparticles induced fish mortality at an initial
concentration of 10 pg/L in both tap and green waters
but not in brown waters, which have different and
high organic matter sources, lower pH and
conductivity values [11] Studies on cell lines of
various fish species such as rainbow trout, fathead
minnow, zebrafish, goldfish, and haddock have
proved that Silica nanoparticles are toxic to their
epithelial tissues of skin and gills. These findings
agree with similar human and mouse cell studies
reported to date [12].

3. DISCUSSION AND CONCLUSION

Nanoparticles have a size between 1 to 100 nm.
Nanoparticles have applications in the production of
agrifood, biomedical products, fertilizers, herbicides,
pesticides, sensors, food processing, food packaging,
nutraceuticals, diagnosis, drug delivery and treatment
of diseases. Nanoparticles easily enter the
environment unimpeded, entering soil, water and air
through various anthropogenic activities. In water,
fish quickly ingest or inhale these nanoparticles. Due
to their small size, they enter the body and affect
different tissue, and they also easily cross the blood-
brain barrier. This results in other toxic effects on the
fish, an essential part of our ecosystem. Studies and
research on fishes have revealed that various
nanoparticles damage the gills, liver, intestine, brain
and even enzyme system of fishes. Platinum
nanoparticle exposure has resulted in decreased heart
rate, curvatures of the axis and delayed hatching in
Zebrafish embryos. Titanium dioxide nanoparticles
cause early hatching in Zebrafish embryos.

Silver nanoparticles resulted in osmoregulatory failure
in Salmon fish. Cerium oxide nanoparticles induced
fish mortality in Rainbow trout at an initial
concentration of 10 pg/L in tap and green waters. So
Cerium oxide release in any water body must be
avoided [11]. Iron oxide nanoparticles induce
genotoxic effects in common carps. So, if the Iron
oxide nanoparticles are released into the environment,
it will probably bring adverse impacts on aquatic
ecosystems [10] Studies on cell lines of various fish
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species such as rainbow trout, fathead minnow,
zebrafish, goldfish, and haddock have proved that
Silica nanoparticles are toxic to their epithelial tissues
of skin and gills. These findings agree with similar
human and mouse cell studies reported to date [12].

Suppose the nanoparticles accumulate in the fish
tissue, and the organisms consume the same fish from
another trophic level. In that case, the nanoparticles
accumulate, leading to biomagnification. The release
of nanoparticles in the environment must be checked
and reduced. And further detailed research needs to be
carried out on the effects of nanoparticles in fishes
[13]. The nanotoxicity studies that have been carried
out in the fishes suggest that such studies must also be
carried out in humans and other animals in the future
to find out the adverse effects of various nanoparticles
on them.

4. REFERENCES
1. Hu Xiaopei, et al. Multifunctional gold
nanoparticles: A Novel nanomaterial for
various medical applications and biological
activities. Frontiers in Bioengineering and
Biotechnology. 2020;8: 990.

Tiloke C, Phulukdaree A, Chuturgoon AA.
The chemotherapeutic potential of gold
nanoparticles against human carcinomas: A
review.  Nanoarchitectonics  for  Smart
Delivery and Drug Targeting. 2016;783-811.
Lynch Abigail J, et al. The Social, Economic,
and Environmental Importance of Inland Fish
and Fisheries.” Environmental Reviews.
2016;24(2):115-21.
Available:https://cdnsciencepub.com/doi/full/
10.1139/er-2015-0064 (May 7, 2022).

Shaw, Benjamin J, Richard D. Handy.
“Physiological Effects of Nanoparticles on
Fish: A Comparison of Nanometals versus
Metal lons. Environment International.
2011;37(6):1083-97.
Available:https://pubmed.ncbi.nim.nih.gov/21
474182/ (May 10, 2022).

Gopalraaj Jhanani, et al. Toxic effects of
nanoparticles on fish embryos. Research
Journal of Biotechnology. 2021;16(12):140—
49,

Verma, Yeshvandra, Vandna Rani, and Suresh
Vir Singh Rana. Assessment of cadmium
sulphide nanoparticles toxicity in the gills of a
fresh water fish. Environmental
Nanotechnology, Monitoring & Management.
2020;13:100280.

Thangam Y, Kowsalya S. Review of silver
nanoparticles in freshwater fish Cyprinus
carpio . 2020;14(7):28-36.



10.

Vidya PV, Chitra KC. lIrreversible
Nanotoxicity of Silicon Dioxide Nanoparticles
in the Freshwater Fish, Oreochromis
Mossambicus (Peters 1852).” Asian Fisheries
Science. 2018;31(2): 146-60.

James Jiss, Prachi Saxena, Rajendran N.
Nanotoxicity of materials on marine and
aquatic organisms. International Journal of
Pharmaceutical ~ Sciences  Review and
Research. 2014;27(2):117-24.

Mashjoor S, Yousefzadi M, Zolgharnain H,
Kamrani E, Alishahi M. “Genotoxicity of
magnetic lron oxide Fe304 nanoparticles in
red blood cells of common carp (Cyprinus
carpio) using micronucleus assay under acute

11.

12.

13.

Lad; UPJOZ, 43(9): 48-51, 2022

and chronic treatments. JMBS. 2018;9 (4):
537-54.

Gagnon C, et al. Fate of cerium oxide
nanoparticles in  natural waters and
immunotoxicity in exposed rainbow trout. J
Nanomed Nanotechnol, an Open Access
Journal. 2018;9(2): 489.

Vo, Nguyen TK, et al. Cytotoxicity evaluation
of silica nanoparticles using fish cell lines.” In
Vitro Cellular and Developmental Biology —
Animal. 2014;50(5):427-38.

Ahmed, Hiwa M, et al. “Applications of
nanomaterials in agrifood and pharmaceutical
industry.  Journal of  Nanomaterials;
2021.

© Copyright MB International Media and Publishing House. All rights reserved.

51



