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Abstract

There are lots of nanoparticles that have less toxic effects on the different cells of fish immune system. Nanoparticles
have low cost as compared to the other materials in delivering of biological materials. Nanoparticles have gained much
interest as a specific and sensitive tool for diagnosis of bacterial, fungal and viral diseases in aquaculture. There are
different types of nanoparticles such as Cu based nanoparticles, sliver nanoparticles, metal oxides nanoparticles such as
ZnO and TiO, NPs, or composite of several metals. The applications of nanoparticles in aquaculture has promisingly
seen in water quality improvement, aquatic animal nutrition, drug delivery, disease diagnosis and management but very
few works and has been done in the greener approach as it is forming a new horizon in the aquaculture era. Silver
nanoparticle are employed for the cleaning fresh water inhabiting fishes due to advanced cleaning system and special
plates that cleans each drop of water in each direction of movement of water. By improving disease control, feeding
formulation, and biofouling control, nanotechnology can improve aquaculture production and shrimp culture.
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INTRODUCTION and bacteria [6]. It leads to innovation in the
development of nanotechnology that has been
revolutionized in preparation of biological materials.
Nanoparticles have gained much interest as a specific
and sensitive tool for diagnosis of bacterial, fungal and
viral diseases in aquaculture [7].

Nanotechnology playing important role in
delivery of nutrients, vaccine and other biological
materials to different systems of fishes [1-3].
Nanoparticles have found their way into many
applications in the fields of medicine, including
diagnostics, vaccination, and drug and gene
delivery. There are lots of nanoparticles that have less
toxic effects on the different cells of fish immune
system. Nanoparticles have low cost as compared to the
other materials in delivering of biological materials.
Hence nanoparticle can be used at large scale for
experimental study in animal’s systems to investigate
the different aspects of food intake through different
carriers. Many of the advancements in nanotechnology
can be made to decrease the rate of infectious disease
caused by viruses as well as bacteria. Nanotechnology
in fishes leads to significant construction to synthesis of
nanoparticles [4, 5].

There are different types of nanoparticles such
as Cu based nanoparticles, silver nanoparticles, metal
oxides nanoparticles such as ZnO and TiO, NPs, or
composite of several metals [8]. These nanoparticles
have less toxicity as compared to their biological
materials in contrast to the nutrients and drug delivery
in fishes while on the other hand, metal toxicity in fish
to compare and contrast the effects of nonmetals can be
evaluated in better way to elucidate the effects of
nonmetals on the different cells of fishes. These
different types of nanoparticles can be designed in order
to play the significant role in disease detection,
medicine in fishes. Each nanoparticle has its own well
defined characteristic designed for drug delivery and
other medicine. Among all of the nanoparticles, sliver
based nanoparticles are most common in disease
detection in fishes and other animal’s systems.

Some of biological materials cannot tightly
bind to the pathogens due to less specificity and hence
cannot be used as major target top the cells of viruses
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Precautions can be made in specific quantification of
nanoparticles and excess concertation leads to high
level of toxicity can be seen in previous studies [9-11].

Disease is a prime agent affecting fish
mortality, especially when fish are young. There are
two types of fish diseases according to their
infectiousness, pathogenic diseases and non-pathogenic
diseases [12, 13]. Different diseases are the main caused
of deaths of many fishes that might be either due to
bacterial infections and viral infection and sometimes
pathogens lead to high level of toxicity. It is related to
poor water quality, malnutrition, etc., and not
transferrable from one fish to another. High nutrition
diet leads to increase potential of fish health. In this
way, nanoparticles are main source of transportation as
well as supplementation of materials across the
membrane. Non-infectious diseases are represented by
gas bubble diseases due to extensive aeration,
nutritional diseases due to deficiency of certain
nutrients as vitamins and minerals, disorders caused by
pollutants in the form of agricultural and industrial, and
neo-plastic and genetic anomalies referring to abnormal
growth in any organ which make organ loses its
function and structure[14-18].

Different Roles of Nanotechnology

Nanotechnology playing important role in fish
nutrients supply, drug as well as vaccine in efficient
ways. Nanotechnology in combination with biological
materials leads to increase attention of novel
nanoparticles with low cost and efficient production.
Nanoparticles synthesis more a niche for researchers,
but a really fast growing and impacting key economical
field providing new nanolabelled products with novel
and unique functions. The new-engineered nanolabelled
products, improved by nanoparticles (NPs), have been
the key factor for the success of the nanotechnology
industry [19-21].

Nanoparticles can be synthesized through
different methods such as chemical, biological and
physical. The most important methods that used for
drug delivery and other supplementation of biological
material across the cell membrane is the biological
method. This method has database over the chemical
and physical methods due to low cost and high
efficiency of the synthesis nanoparticles. The green
synthesis of nanoparticles increases the attention of
other material and their integration with the different
parts of the cell. While on the other hand, traditional
methods are not reliable for the synthesis of
nanoparticles as these required lots of reagents and
chemicals at the larger production of nanoparticles both
industrial and commercial level. Hence, these
traditional methods cannot be employed due to low
demand and high cost as compared to the advances in
nanotechnology. Different changes can be made in
nanoparticles during synthesis and modification before

changed into final form while on the other hand, other
materials other than nanoparticles required extensive
variety of raw materials and time consuming [22-25].

Fishes are heterotrophic, multiple organ- and
tissue-based organisms. Depending on the species, fish
can be consumers of algae or of other heterotrophs.
Various nanoparticles can be used or transported to the
different cells of the fishes in order to deliver the right
kind of medicine in right direction. Once the
nanoparticle reached its target place, it will start
perform its functions at the cellular and molecular level
due to specific action. The gill affords gas exchange
between the external water environment and internal
environment of the organism. In this exchange process,
other substances, like metal nanoparticles and organic
compounds, can interact with fish gill cells and
eventually pass into the blood stream[26-28].

Nanoparticles also showed the different the
different responses by cell to deceases the rate of death
of fishes. Many of the nanoparticles are able to enter the
antigen presenting cells by different pathways and
induce appropriate immune responses to the antigen. It
also depends upon the nature of each nanoparticle
designed to perform its function at the specific cell. A
number of different nanoparticles are used in fish
vaccine delivery, which includes biodegradable
polymers, nanoliposomes, carbon nanotubes, calcium
phosphate, and  immunostimulating  complexes
(ISCOMs), among which poly (lactic-co-glycolic acid)
and chitosan are the most studied form of nanoparticles
to date. These nanoparticles are desired in relation to
fishes and other organisms through different routes with
fewer side effects [29-32].

Role of Silver based Nanoparticles

Different types of nanoparticles are
synthesized according into size, shape and delivery to
specific target. Golden, silver, carbon nanoparticles are
well known due to specific characteristics and their
action to the biological cells. Among of all the
nanoparticles, silver nanoparticles (AgNPs) are well
known for their commercialization worldwide, due to
their sole biological activities, and are being utilized
widely in medicine. Despite the biological activities and
a wide range application of AgNPs, there is a lack of
information regarding human health and environmental
toxicity. The extensive use of AgNPs in the world,
release into the aquatic environment, has raised concern
for a high impact on aquatic life. Silver nanoparticles
are most important in cleaning of water in which habitat
system of fishes are maintained due to natural
environment [33].
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Fig-1: Shows the role of silver nanoparticles in disease at
cellular level

Silver (Ag) NPs (nAg) are the most
investigated  multiple  mechanism  nano-based
antibacterial. These nanoparticles have particular
surfaces to binding of receptor of the living cells in
order to treat the specific diseases also diagnosis. The
release of silver ions (Ag") and their binding onto
bacterial cell membrane proteins lead to cell membrane
disruption and to cell death. The antibacterial function
of the chitosan-Ag nanocomposites (CAgNCs) has been
investigated  against  fish  pathogenic Aliivibrio
salmonicida. Previous literature showed that silver
based nanoparticles particularly inhibited A.
salmonicida growth indicating minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) at 50 and 100 mg/L, respectively
[34-36].

Different  nanoparticles are  specifically
designed in order to check their action at the cellular
level. Silver nanoparticles tightly showed binding to the
most of bacteria and hence antibacterial activity as
compared to the other nanoparticles. The applications of
nanoparticles in aquaculture has promisingly seen in
water quality improvement, aquatic animal nutrition,
drug delivery, disease diagnosis and management but
very few works and has been done in the greener
approach as it is forming a new horizon in the
aquaculture era. Moreover, several reports are available
which have shown that AgNPs are effective against
pathogenic organism namely B.subtilis, Vibrio
cholerae, E.coli and reported that Ag NPs with larger
surface area provide a better contact with
microorganisms [37].

Carica Papaya and Musa paradisiacal (banana)
plants has developed and tested
against Aeromonahydrophila. Biogenic Ag-NP using
tea leaf extract (Camellia sinensis) showed bactericidal
activity against Vibrio harveyi in
juvenile Feneropenaeus indicus, but only at high doses
of the nanoparticles. Among them, synthetized
nanoparticles  with Carica  papaya (papaya) show
antimicrobial  activity ~with  153.6 pg mL-1
concentration [38]. In 2015, research on biogenic CuO
NPs shows enhanced antibacterial activity against all
the fish pathogens even at lower concentrations, i.e.
above 20 mu g/mL, which was tested
against Aeromonas hydrophila, Pseudomonas
fluorescens and Flavobacterium branchiophilum.

Silver nanoparticles for the cleaning fresh water

Silver nanoparticle are employed for the
cleaning fresh water inhabiting fishes due to advanced
cleaning system and special plates that cleans each drop
of water in each direction of movement of water. Silver
nanoparticles to improve water quality in aquaculture.
The intensive intervention which aquaculture practices
produced, impact directly over the environment,
because it needs higher water quantities, and this source
every day is scarcer around the world. Also, not
consumed food for fishes, excretion products, feces,
chemical products, and antibiotics, generated higher
quantities of waste during organism’s production and
was released to environment around these production
farming. Hence, Nanotechnology has become the most
significant for human life in treating and diagnosis of
diseases [39].

Silver nanoparticles also used to remove the
toxic heavy metals in water that are main threat to life
of fishes. These nanoparticles bond to the heavy metals
and remove them in specific concentration. Through the
use of silver based nanoparticles, heavy metals and
environmental pollutants can be easily removed at high
concertation through integrative approach. Water
quality is, of course, a critical factor in fish health. The
standard concerns include ensuring water quality for the
immediate needs of the species e.g. dissolved oxygen
levels, temperature, salinity), removal of nitrogen
wastes as well as the interactions of these
parameters[40].

Role of Nanoparticles in Delivering of Nutrients

Nanotechnology as multidisciplinary science
to the pharmaceutical and nutraceuticals playing
significant role in delivery of nutrients to specific parts
of fishes. While the other biological materials cannot
properly have reached to the site of target where action
is necessary. Undoubtedly nutraceuticals are known to
play a significant role in scaling up growth and
immunological parameters in fish. However, instead of
minimal requirements, their incorporation requires
higher costs. Therefore, intense care should be taken in
their usage to avoid wastage and maximize their
utilization. Hence, nanoparticles can be employed as
major source for supply of drugs, nutrients and
biological fees in right ways [41].

A huge literature is available supporting the
role of nanotechnology in effective delivery of dietary
supplements and nutraceuticals in fisheries. These
systems are basically aimed to enhance the
bioavailability, bio accessibility and hence efficacy of
the nutrients by improving their solubility and
protection from harsh environment of the gut. In this
perspective, it was found that adding 1 mg of nano-
Selenium (Se) per kg of diet showed significant
improvement in common carp (Cyprinus carpio) growth
and antioxidant defense system as compared to the
control ones[42].
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Fig-2: Shows the potential applications of
nanotechnology in reducing toxicity, nutrients
delivery and water purification

Role of Nanoparticles Biofouling Control

Biofouling due to bacterial attack can be
interacted through the action of various nanoparticles
that act as main oxides if the metals. Sometime, this
biofouling appears to be more dangerous due to severe
accumulation of other pollutants in water such as toxic
metals in water that ultimately leads to deaths of many
fishes and other animals inhabiting water. By improving
disease control, feeding formulation, and biofouling
control, nanotechnology can improve aquaculture
production and shrimp culture. Biofouling is unwanted
bacteria (as biofilm), and it is possible to monitor
invertebrates such as mussels and barnacles and algae
such as seaweeds and diatoms by coating or painting
nanostructures through the incorporation of metal oxide
nanoparticles such as zZnO, CuO, and SiO,. Hence,
nanotechnology as the main scientific technology
through thick environmental pollution can be controlled
[43].

2. Toxicity to aquatic organisms
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Fig-3: Shows the role of nanotechnology in controlling of pathogens toxicity

CONCLUSION

Nanoparticles can be used in detection of
different diseases caused by bacteria as well as viruses
in fishes. Nanoparticles particularly binds to the specific
antigen of the pathogen and inhibit their replication at
the cellular level. While on the other hand, some other
expensive biological materials required high cost and
hence cannot be used for transportation and drug

supply.

REFERENCES

1. Shaw, B. J., & Handy, R. D. (2011). Physiological
effects of nanoparticles on fish: a comparison of
nanometals  versus metal ions. Environment
international, 37(6), 1083-1097.

2. Handy, R. D., Henry, T. B., Scown, T. M,
Johnston, B. D., & Tyler, C. R. (2008).
Manufactured nanoparticles: their uptake and
effects on fish—a mechanistic
analysis. Ecotoxicology, 17(5), 396-409.

3. Hosseini, S. F., Rezaei, M., Zandi, M., &
Farahmandghavi, F. (2015). Fabrication of bio-
nanocomposite films based on fish gelatin
reinforced with chitosan nanoparticles. Food
Hydrocolloids, 44, 172-182.

4. Hosseini, S. F., Rezaei, M., Zandi, M. &
Farahmandghavi, F. (2016). Development of
bioactive fish  gelatin/chitosan  nanoparticles
composite films with antimicrobial
properties. Food Chemistry, 194, 1266-1274.

5. Vimal, S., Taju, G., Nambi, K. N., Majeed, S. A.,
Babu, V. S., Ravi, M., & Hameed, A. S. (2012).
Synthesis and characterization of CS/TPP
nanoparticles for oral delivery of gene in
fish. Aquaculture, 358, 14-22.

6. Yue, Y. Li, X, Sigg, L., Suter, M. J.,, Pillai, S.,
Behra, R., & Schirmer, K. (2017). Interaction of
silver nanoparticles with algae and fish cells: a side
by side comparison. Journal of
nanobiotechnology, 15(1), 1-11.

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 153



Noshaba Munawar et al., Sch Bull, June, 2021; 7(6): 150-155

7. Sarkar, B., Bhattacharjee, S., Daware, A., Tribedi, fish. Environmental Nanotechnology, Monitoring
P., Krishnani, K. K., & Minhas, P. S. (2015). & Management, 13, 100280.

Selenium nanoparticles for stress-resilient fish and 19. Malhotra, N., Tzong-Rong, G., Boontida, U., Jong-
livestock. Nanoscale research letters, 10(1), 1-14. Chin, H., Kelvin, H.C., Chen., & Chung-Der,

8. Khan, M. S., Jabeen, F., Qureshi, N. A., Asghar, Hsiao. (2020). "Review of copper and copper
M. S., Shakeel, M., & Noureen, A. (2015). Toxicity nanoparticle toxicity in fish." Nanomaterials, 10(6);
of silver nanoparticles in fish: a critical review. J 1126.

Bio Environ Sci, 6(5), 211-227. 20. Marimuthu, S., Antonisamy, A. J., Malayandi, S.,

9. George, S, Lin, S, Ji, Z.,, Thomas, C. R,, Li, L., Rajendran, K., Tsai, P. C., Pugazhendhi, A., &
Mecklenburg, M., & Nel, A. E. (2012). Surface Ponnusamy, V. K. (2020). Silver nanoparticles in
defects on plate-shaped silver nanoparticles dye effluent treatment: A review on synthesis,
contribute to its hazard potential in a fish gill cell treatment methods, mechanisms, photocatalytic
line and zebrafish embryos. ACS nano, 6(5), 3745- degradation, toxic effects and mitigation of
37509. toxicity. Journal of Photochemistry and

10. Jovanovi¢, B., & Pali¢, D. (2012). Photobiology B: Biology, 205, 111823.
Immunotoxicology of non-functionalized 21. Kakakhel, M. A., Fasi, W., Wasim, S., Qi, Z.,
engineered nanoparticles in aquatic organisms with Ikram, K., Kalim, U., & Wanfu, W. (2021). "Long-
special emphasis on fish—Review of current term exposure to high-concentration silver
knowledge, gap identification, and call for further nanoparticles induced toxicity, fatality,
research. Aquatic toxicology, 118, 141-151. bioaccumulation, and histological alteration in fish

11. Jovanovi¢, B., Whitley, E. M., Kimura, K, (Cyprinus carpio).” Environmental Sciences
Crumpton, A., & Pali¢, D. (2015). Titanium Europe, 33(1); 1-11.
dioxide nanoparticles enhance mortality of fish 22. Delgado, C. L. (2003). Fish to 2020: Supply and
exposed to bacterial pathogens. Environmental demand in changing global markets (Vol. 62).
pollution, 203, 153-164. WorldFish.

12. Arfat, Y. A., Benjakul, S., Prodpran, T, 23. Delgado, Christopher, L. (2003). Fish to 2020:
Sumpavapol, P., & Songtipya, P. (2014). Properties Supply and demand in changing global markets,
and antimicrobial activity of fish protein 62. World Fish, 2003.
isolate/fish skin gelatin film containing basil leaf 24. Kok, B., Wesley, M., Michael, F. Tlusty,
essential oil and zinc oxide nanoparticles. Food Mahmoud, M., Eltholth, Neil, A. Auchterlonie,
Hydrocolloids, 41, 265-273. David, C. Little, Robert, Harmsen, R., Newton, W.,

13. Vevers, W. F., & Jha, A. N. (2008). Genotoxic and & Simon, J. Davies. (2020). "Fish as feed: Using
cytotoxic potential of titanium dioxide (TiO 2) economic allocation to quantify the Fish In: Fish
nanoparticles on fish cells in Out ratio of major fed aquaculture
vitro. Ecotoxicology, 17(5), 410-420. species." Aquaculture, 528(2020): 735474.

14. Rajkumar, K. S., Kanipandian, N., & Ramasamy, 25. Olmos, J., Manuel, A., Gretel, M., & Viviana, P.
T. (2016). "Toxicity assessment on haemotology, (2020). "Bacillus subtilis, an ideal probiotic
biochemical and histopathological alterations of bacterium to shrimp and fish aquaculture that
silver nanoparticles-exposed freshwater fish Labeo increase feed digestibility, prevent microbial
rohita." Applied Nanoscience, 6(1); 19-29. diseases, and avoid water pollution." Archives of

15. Gao, J., Lin, L., Wei, A., & Sepulveda, M. S. microbiology, 202, 3; 427-435.

(2017). Protein corona analysis of silver 26. Aydin, B., & Barbas, L. A. L. (2020). Sedative and
nanoparticles exposed to fish anesthetic properties of essential oils and their
plasma. Environmental science & technology active compounds in fish: A
letters, 4(5), 174-179. review. Aquaculture, 520, 734999.

16. Vinay, T. N., Bhat, S., Gon Choudhury, T., Paria, 27. Song, D. W,, Liu, L., Shan, L. P., Qiu, T. X,, Chen,
A., Jung, M. H., Shivani Kallappa, G., & Jung, S. J. J., & Chen, J. P. (2020). Therapeutic potential of
(2018). Recent advances in application of phenylpropanoid-based small molecules as anti-
nanoparticles in fish vaccine delivery. Reviews in SVCV agents in aquaculture. Aquaculture, 526,
Fisheries Science & Aquaculture, 26(1), 29-41. 735349.

17. Bacchetta, C., Ale, A., Simoniello, M. F., Gervasio, 28. Khan, M. S., Jabeen, F., Qureshi, N. A., Asghar,
S., Davico, C., Rossi, A. S., & Cazenave, J. (2017). M. S., Shakeel, M., & Noureen, A. (2015). Toxicity
Genotoxicity and oxidative stress in fish after a of silver nanoparticles in fish: a critical review. J
short-term exposure to silver Bio Environ Sci, 6(5), 211-227.
nanoparticles. Ecological Indicators, 76, 230-239. 29. Shaalan, M. I., EI-Mahdy, M. M., Theiner, S., El-

18. Verma, Y., Rani, V., & Rana, S. V. S. (2020). Matbouli, M., & Saleh, M. (2017). In vitro
Assessment of cadmium sulphide nanoparticles assessment of the antimicrobial activity of silver
toxicity in the gills of a fresh water and zinc oxide nanoparticles against fish

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 154



Noshaba Munawar et al., Sch Bull, June, 2021; 7(6): 150-155

30.

31.

32.

33.

34.

35.

36.

pathogens. Acta Veterinaria Scandinavica, 59(1),
1-11.

Tanaka, M., Andrea, M., W. Gary, A., Alan, R. P,
Neil, H., & Cheryll, T. (2002). "Fin development in
a cartilaginous fish and the origin of vertebrate
limbs." Nature, 416, 6880; 527-531.

Schirmer, K. (2006). Proposal to improve
vertebrate cell cultures to establish them as
substitutes for the regulatory testing of chemicals
and effluents using fish. Toxicology, 224(3), 163-
183.

Jaillon, O., Jean-Marc, A., Frédéric, B., Jean-Louis,
P., Nicole, S.T., Evan, M., Laurence, B. (2004).
"Genome duplication in the teleost fish Tetraodon
nigroviridis reveals the early vertebrate proto-
karyotype." Nature 431, no. 7011; 946-957.
Willson, M. F., & Halupka, K. C. (1995).
Anadromous fish as keystone species in vertebrate
communities. Conservation Biology, 9(3), 489-497.
De Beer, G. R. (1924). Memoirs: Studies on the
Vertebrate Head: Part 1. Fish. Journal of Cell
Science, 2(270), 287-341.

Vassilaros, Daniel, L., Paul W. Stoker, Gary, M.
Booth., & Milton, L. Lee. (1982). "Capillary gas
chromatographic  determination of polycyclic
aromatic ~ compounds in  vertebrate  fish
tissue." Analytical chemistry, 54(1); 106-112.
National Research Council.  (1993). Nutrient
requirements of fish. National Academies Press.

37.

38.

39.

40.

41.

42.

43.

Byrd, Kendra, A., Shakuntala, H. Thilsted., &
Kathryn, J. Fiorella. (2020). "Fish nutrient
composition: a review of global data from poorly
assessed inland and marine species.” Public health
nutrition; 1-11.

Mclintyre, Peter, B., Alexander, S., Flecker,
Michael, J. Vanni, James, M., Hood, Brad, W.,
Taylor.,, & Steven A. Thomas. (2008). "Fish
distributions and nutrient cycling in streams: can
fish create biogeochemical
hotspots.” Ecology, 89(8); 2335-2346.

Vanni, Michael, J.,, & Craig, D. Layne. (1997).
"Nutrient recycling and herbivory as mechanisms
in the “top—down” effect of fish on algae in
lakes." Ecology, 78(1); 21-40.

Salze, G. P., & Davis, D. A. (2015). Taurine: a

critical nutrient for future fish
feeds. Aquaculture, 437, 215-229.
Fusetani, N. (2004). Biofouling and

antifouling. Natural product reports, 21(1), 94-104.
Flemming, H. C. (2002). Biofouling in water
systems—cases, causes and
countermeasures. Applied microbiology  and
biotechnology, 59(6), 629-640.

Melo, L. F., & Bott, T. R. (1997). Biofouling in
water systems. Experimental thermal and fluid
science, 14(4), 375-381.

© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

155



