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Importance of Metal Nanoparticles in Veterinary Medicine
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INTRODUCTION

Nano is a phrase that derives from the Latin word "nanus,"
which signifies dwarf, lesser, or very little minute particle (1
nm equals 10"-9 m) (Youssef et al. 2019). Essential minerals
with sizes ranging from 1 to 100 nm called nano-minerals
could replace traditional forms of elements in an animal's diet
(Mohamed et al. 2016). They are utilized because of qualities
including their tiny size, high surface area, superior
uniformity, and physical reactivity (Scott et al. 2018). The
most well-known Nano-particles include aluminium ( Li et al.
2011), copper ( Refaie et al. 2015), zinc (Joshua et al. 2016),
silver (Grodzik and Sawosz 2006), calcium (Matuszewski et
al. 2020 ), gold (Sanati et al. 2019), magnesium (Mazaheri et
al. 2019; Abdelnour et al. 2021), selenium (Zhang et al. 2008
), iron (Pilaquinga et al. 2021), nickel (Gong et al. 2016),
titanium (Li et al. 2011).Some nanoparticles are crystalline or
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investigation of avian and animal progeny systems for
increasing production efficiency and meeting consumer
demand for premium meat and poultry product. Due to the
small size of nanoparticles, they pass through the
gastrointestinal tract walls very quickly and have a variety of
significant effects on different body systems. This gives
researchers the chance to work with nanomaterials by
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amorphous, and they may contain one or more loose or
clumped crystals. (Abd Elghany et al. 2017). The total dosage
needed to be reached favorable serum concentrations at
Nano levels is lower than it is for their Normal counterparts
(Normal bulk materials). Like a standard bulk zinc supplement,
feeding with Nano-zinc oxide (ZnO) supplementation
improved intestinal morphology, daily gain average, and
plasma zinc level (at high dose) (Wang et al. 2018).

Classification of Nanoparticles:

They are typically divided into three categories based on their
composition: organic, inorganic, and carbon as following:

1. Organic Nano-minerals: that include polymers as
dendrimers, micelles, liposomes and ferritin which
are nontoxic, biodegradable and may have hollow
core (micelles & liposomes) sensitive for heat and
light (Tiwari et al. 2008).
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2. Inorganic Nano-minerals: which include metal
based, and metal oxides-based nanoparticles.

= Metal Based Nanoparticles as aluminium (Al),
cadmium (Cd), cobalt (Co), copper (Cu), gold (Au),
iron (Fe), lead (Pb), silver (Ag) and zinc (Zn) (Salavati-
niasari et al. 2008).

=  Metal Oxides Nanoparticles: which include oxides of
nanoparticles as iron oxide (Fe203) and zinc oxide,
which are synthesized mainly to increase efficiency
and reactivity (Tai et al. 2007).

3. Carbon Based Nanoparticles: made completely form
carbon which include fullerenes (C60), graphene
(allotrope of carbon), carbon nanotubes (CNT),
carbon nanofiber and carbon black (Bhaviripudi et
al. 2007).

Synthesis of Nanoparticles:

they are synthesis by various methods which divided mainly
into 2 methods bottom-up or top- down method as the
following:

1- Bottom-up method: which include building up of
material from atom to cluster to form finally
nanoparticle, including many ways as sol-gel,
spinning, chemical vapour deposition, pyrolysis and
bio-synthesis.

= Sol-gel: colloidal solution of solids suspended in
liquid phase, it is wet chemical process contains
chemical precursor solution (metal oxides and
chlorides) (Ramesh et al. 2013).

= Spinning: rotate disc inside champer /reactor where
temperature and other physical parameters can be
controlled, reactor filled with nitrogen which
remove oxygen and avoid reactions (Tai et al. 2007).

= Chemical Vapour Deposition: is dopsition of a thin
film of gaseous reactants onto a substrate
(Bhaviripudi et al. 2007).

= Pyrolysis: it involves burning a precursor (liquid or
vapour) with flame at high pressure through a small
hole (Kammler et al. 2001).

= Biosynthesis: is a green and environmental

approach by using bacteria, plant extracts, fungi, etc.

(Kuppusamy et al. 2014).

2- Top-down method: reduction of bulk material to
nano-metric scale particles, it includes mechanical
milling, nanolithography, laser ablation, sputtering
and thermal decomposition.

= Mechanical milling: it used for milling of
nanoparticles during synthesis in an inert
atmosphere (Yadav et al. 2012).

= Nanolithography: is printing process of required

shape or structure on light sensitive material that

removes part of material to create desired shape
and structure (Hulteen et al. 1999).

= Laser ablation: irradiation of a metal submerged in
liquid solution by a laser beam condenses a plasma
plume that produces nanoparticles (Amendola et al.
2009).

=  Sputtering: it is deposition of nanoparticles on
surface by ejecting particles by colliding with ions
(Shah and Gavrin 2006).

= Thermal decomposition: is an endothermic
chemical decomposition produced by heat that
breaks the chemical bonds in the compound
(Salavati-niasari et al. 2008).

Effect of Nano particles on growth performance:

It was reported that minerals NPs were rapidly absorbed and
systemically distributed to many organs such as liver, kidney,
spleen, duodenum, and other organs in rats after oral
administration (Krause et al. 2020).

As a result of the extensive usage of feed additives containing
essential minerals in nano form, such as Nano zinc, Nano
selenium, and Nano copper (Gopi et al. 2017), to increase
feed conversion, performance, and efficiency (Abd EIGhany
et al. 2019). Another finding showed that it greatly enhances
feed efficiency by promoting intestinal health, protein, lipid,
and carbohydrate metabolism (Kechrid and Bouzerna 2004;
Surai et al. 2017). It is an essential component of more than
300 enzymes that work together to produce and degrade
proteins, lipids, carbohydrates, and nucleic acids as well as to
process other micronutrients (O'Dell et al. 2000; Salgueiro et
al. 2000). In contrast, animals with zinc deficiencies grow
more slowly, consume less food, have lower levels of growth
hormone and insulin-like growth factor I, and produce less
insulin-like growth factor I. (McDonald 2000).

Hassan et al. 2017 demonstrated that feeding growing
rabbits raised in hot environments ZnO-NPs source
supplementation boosted their productivity. Compared to
alternative sources. Others came to the conclusion that the
Cu-small NP's size, which can enhance GIT uptake, can make
them more efficient than bulk Cu at lower doses (Civardi et
al. 2015). Utilizing another nanominarals, such as Cu_NPs,
allows them to enter the small intestine and then spread
throughout the body, including the blood, brain, heart,
kidney, spleen, liver, and intestine (Hillyer et al. 2001) Cu-NP
has been demonstrated to improve growth performance and
feed utilization when used as a feed supplement for piglets,
poultry, and fish (Mroczek et al. 2015; El Basuini et al. 2016).
According to research by Miroslavikov et al. 2015, there is a
connection between the amount of arginine in the liver and
chicken growth, which was boosted by a single intramuscular
injection of Cu-NP. Since Lactobacillus fermentum is one of
the main targets of antibiotic growth promoters, a study
showed that the antimicrobial properties of chitosan
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implanted with Cu-NP reduce gut bacteria like E. coli,
Enterococcus faecalis, S. aureus, and, in particular,
Lactobacillus fermentum. This suggests that the Cu-NP could
be used to reduce unwanted levels of microbial populations
without causing cytotoxicity (Rajasekaran and Santra 2015).
Others have claimed that supplementing the feed of chickens
with more copper lowers the number of clostridia in the hens'
GIT. Generally speaking, Cu salts have a higher concentration
(up to 200 mg/kg) than Cu-NP (below 50 mg/kg) that has an
impact on coliform bacteria populations. Although 150 mg/kg
of copper enhanced the population of lactobacilli in the GIT
contents, the higher concentration had no noticeable impact
(EFSA 2016). It has been established that adding Cu-NP to
chicken diets as a supplement may have positive effects on
growth, feed efficiency, and chicken health by harming
pathogens, reducing the production of bacterial toxins,
increasing the synthesis of vitamins and other growth factors,
and enhancing nutrient absorption by reducing intestinal
epithelium thickness and intestinal mucosal epithelial cell
turnover and motility (Prescott and Baggot 1993).

Studies contrasting the inorganic forms of copper with copper
nanoparticles (Cu-NP) revealed that the latter improved
piglet growth. Additionally, compared to CuSO4, Cu
availability was dramatically increased and the stool Cu level
was decreased (Gonzaliez Eguia et al. 2009). The advantages
of include Cu-NP in fish diets have been shown in a number
of research. In a study by El Basuini et al. 2016, different
concentrations of Cu-NP were investigated. The results
showed that 2 and 4 mg/kg of Cu-NP caused the highest final
body weight, better feed efficiency, protein retention,
immune response, and antioxidant defense system compared
to CuSO4 and the control groups.

In a similar manner, rabbits fed meals supplemented with
different concentrations of Cu-NP outperformed the control
group in terms of performance and body weight (Refaie et al.
2015). Application of silver nanoparticle mouthwash after
making an incision on the tongues of rabbit models
considerably decreased the number of microorganisms in the
oral cavity, according to Amir Hossein et al. 2022 additionally,
the healing of surgical wounds was significantly improved by
mouthwash containing silver nanoparticles. The mouthwash
formulation with a silver nanoparticle weight percentage of
9.80% and a particle size of 5 nm may be a suitable alternative
for use following oral surgical operations. Contrarily, nano-
silver had no impact on performance. Bursa weight
considerably decreased when compared to control treatment
(p>0.05), with the treatment added with 25 ppm nanosilver
showing the lowest weight among the treatments (Farhad
and Ardashir 2010).

Effect of Nano particles on Immunity:

Researches stated that, minerals NPs have a significant
impact on both cellular and humoral immunity and play a
critical role in the immune system. It is crucial for the process
of genetic expression (Sunder et al., 2008). It might affect the
thymus gland's release of thymulin, which encourages the
growth of T cells. Consequently, its absence has an impact on
the thymus gland and immune system (Mocchegiani et al.
1998). Other researchers came to the conclusion that dietary
Zn supplementation could modify superoxide dismutase
(SOD) activity (Alissa et al. 2004), improve the immune
response of male guinea pigs in comparison to inorganic Zn
sources (Shinde et al. 2006), and raise broiler total IgM and
IgG antibody titres (Bartlett and Smith 2003). In order to fight
off infections and repair damaged tissues, Cu plays a function
in immune system stimulation (Failla et al. 2003).
Furthermore, it promotes the elimination of free radicals that
cause severe cell damage (Tapiero et al. 2003). Copper is
necessary for the growth of antibodies and white blood cells
in addition to the production of antioxidant enzymes (Sharma
et al. 2005). Additionally, copper is essential to the body's
enzyme systems for the creation of red blood cells, the
immunological system, and the metabolism of iron.
Additionally, Cu speeds the growth of the nervous system by
increasing dopamine synthesis and encourages the formation
of connective tissues like collagen and elastin (Mroczek et al.
2013).

As a result, any exposure to silver nano-materials may trigger
a series of inflammatory reactions involving the activation of
neutrophils, macrophages, and helper T cells, finally leading
to the release of a wide variety of cytokines, including tumor
necrosis factor (TNF-), Interleukins (IL-1, IL-6, IL-12, IL-18). On
the other hand, immune cells clarify silver nano-materials for
foreign particles. Systemic inflammation may result from
unintended cytokine level rise brought on by nanomaterials.
Including the Mitogen-activated protein kinase (MKK), c-Jun
N-terminal kinase (JKK), and Nuclear Factor-k (NF-k)
pathways (Elsabahy 2013). Therefore, the material chemistry
of silver-coated implants can dramatically affect the immune
response and the regulation of the release of cytokines from
monocytes and macrophages. Additionally, it may cause an
immune reaction. (Rochford et al. 2012).

Antioxidant Effect of Nano- particles:

By modulating inflammatory cytokines, zinc, an essential
trace mineral, helps to manage oxidative stress, promote
development, and strengthen the immune system. The
formation of monosodium urate crystals results in gouty
arthritis, which is an inflammation of the joints and other
tissues (Mubin et al. 2019). By preventing the generation of
OHA7-1 (hydroxide ion) in an antagonist transition metal-
catalyzed process (the reaction fenton), zinc's antioxidant
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function has been demonstrated (Jomova and Valko 2011).
Any OHA-1 generation results in severe, localized, chronic
damage to cellular constituents (Powell 2000).

Several studies have demonstrated that adding Cu-NP to
animal diets increased SOD activity (Refaie et al. 2015). In
addition, silver NPs can be used to lower ROS levels, which
can be utilized to regulate the immune system since when
R.0.S levels are high, immune cells become dysfunctional,
which frequently results in immunosuppression (Schieber et
al. 2014).

Antimicrobial effects of Nanoparticle:

Zinc oxide NPs which consider as promising antiviral agent
against viruses as H1n1l influenza virus infection (Ghaffari et
al. 2019), also silver NPs has potant antiviral activity against
HIN1 influenza virus (Xiang et al. 2011). Zn is used as an
antimicrobial material and can improve kidney and liver
functions (Chrastinova et al. 2018; Fawaz et al. 2019).

Gram-positive and Gram-negative bacteria are immune to Cu-
NP (Alzahrani et al. 2016). Furthermore, according to Shobha
et al. 2014, Cu-NP prevents the growth of the bacteria S.
aureus, B. subtilis, and E. coli, as well as Micrococcus luteus,
Klebsiella pneumoniae, and Pseudomonas aeruginosa
(Ramyadevi et al. 2012). By raising Cu- NP concentrations, E.
coli and B. subtilis bacterial subsistence rates are reduced
(Yoon et al. 2007). Additionally, other evidence showed that
Cu-NP has been utilized as a disinfectant for a long time due
to its antibacterial qualities (Sanchez et al. 2016). With regard
to a variety of Gram-positive, Gram-negative, aerobic,
anaerobic, and even vancomycin-resistant species, silver
nanoparticles have antimicrobial properties (Allaker et al.
2010).

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.
REFERENCES

Abd ElI-Ghany W. 2019. Nanotechnology and its
considerations in poultry field. An overview. Journal
of the Hellenic Veterinary Medical Society. 70:1611—
1616. http://doi.org/10.12681/jhvms.21783.

Abd Elnour SA, Alagawany M, Hashem NM, Farag MR,
Alghamdi ES, Hassan FU, Bilal RM, Elnesr SS,
Dawood MA, Abdel Ghany WT, Kasem, MA, Nabih
A S. Mabrouk. 2017. “Dual Synergistic Actions of
Silver Nanoparticles with Natural Products on
Ochratoxin a Production.” Life Science Journal. 14
(3): 65-71. DOI: 10.7537/marslsj140317.11
https://www.researchgate.net/publication/321624
045

Ahmadi F, Kurdestanylslamic AH. 2010. Impact of silver nano
Particles on Growth Performance, Lymphoid Organs
and Oxidative Stress Indicators in Broiler Chicks.
Global Veterinaria. 5 (6): 366-370. 2010ISSN 1992-

6197© IDOSI Publications, 2010 accessed Dec 12
2022]. http://www.idosi.org/gov/gv5(6)10/12.

Alissa EM, Bahijri SM, Lamb DJ, Ferns GAA. 2004. The effects
of coadministration of dietary copper and zinc
supplements on atherosclerosis, antioxidant
enzymes and indices of lipid peroxidation in the
cholesterol-fed rabbit. Int J Exp Path, 85(5):265-275.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC25
17529/&ved.

Allaker RP. 2010. The use of nanoparticles to control oral
bioflm formation. J Dent Res. 89: 1175-86.
http://pubmed.ncbi.nlm.nih.gov/20739694/&ved.

Alzahrani E, Ahmed RA.2016. Synthesis of copper
nanoparticles with various sizes and shapes:
application as a superior nonenzymatic sensor and
http://www.researchgate.net/publication/3029233
37.DOI: 10.20964/2016.06.83.

Amendola V, Meneghetti M .2009. Laser ablation synthesis
in solution and size manipulation of noble metal
nanoparticles 3805-21.
http://pubs.rsc.org/en/content/atriclelanding/2009
/cp/b900654k&ved.

Arabi F, Imandar M, Negahdary M, Imandar M, Noughabi
MT, Akbari-dastjerdi H. 2012. 'Investigation anti-
bacterial effect of zinc oxide nanoparticles upon life
of Listeria monocytogenes' Annals of Biological

Research 3: pp. 3679-85.
http://www.researchgate.net/publication/2751383
99.

Bartlett JR, Smith MO. 2003. Effects of different levels of zinc
on the performance and immune competence of
broilers under heat stress. Poult Sci. 82:1580-1588.
http://www.sciencedirect.com/science/article/pii/S
0032579119439382&ved.

Bhaviripudi SE, Mile SA, Steiner AT, Zare MS, Dresselhaus
AM, Kong BJ. 2007. CVD Synthesis of Single-walled
Carbon Nanotubes from Gold Nanoparticle
Catalysts. Journal of the American Chemical Society.
129 (6): 1516-1517. DO0I:10.1021/ja0673332.
http://pubs.acs.org/doi/10.1021/ja0673332&ved.

Chrastinova L, Laukova A, Chrenkova M, Formelova Z,
Polacikova M, Glatzova, EB, Rajsky M. 2018.
efficacy of feed additives on meat quality and
numbers of faecal bacteria in growing rabbits.
Journal of Agronomy. 20. Vol. 1(1): pp. 110-118.
http://www.kau.edu.sa/Files/140/Researches/6062
3 31468.

Civardi C, Schubert M, Fey A, Wick P, Schwarze FW. 2015.
Micronized copper wood preservatives: efficacy of
ion, nano, and bulk copper against the brown rot
fungus Rhodonia placenta. PLoS One 2015, 10,
e0142578.
http://journals.plos.org/plosone/article%3Fid%3D1
0.1371/journal.pone.0142578&ved.

ZAKY et. al.


http://doi.org/10.12681/jhvms.21783
https://www.researchgate.net/publication/321624045
https://www.researchgate.net/publication/321624045
http://www.idosi.org/gov/gv5(6)10/12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2517529/&ved
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2517529/&ved
http://pubmed.ncbi.nlm.nih.gov/20739694/&ved
http://www.researchgate.net/publication/302923337
http://www.researchgate.net/publication/302923337
http://pubs.rsc.org/en/content/atriclelanding/2009/cp/b900654k&ved
http://pubs.rsc.org/en/content/atriclelanding/2009/cp/b900654k&ved
http://www.researchgate.net/publication/275138399
http://www.researchgate.net/publication/275138399
http://www.sciencedirect.com/science/article/pii/S0032579119439382&ved
http://www.sciencedirect.com/science/article/pii/S0032579119439382&ved
http://pubs.acs.org/doi/10.1021/ja0673332&ved
http://www.kau.edu.sa/Files/140/Researches/60623_31468
http://www.kau.edu.sa/Files/140/Researches/60623_31468
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0142578&ved
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0142578&ved

MJIVM, Vol. (3), Issue (1), 2023. Special Issue of 2nd Sci Conference of Fac Vet Med Matrouh University.

DO0I:10.21608/MJVM.2023.182170.1016

[EFSA] PANEL. European Food Safety Authority. 2016.
Additives and Products or Substances used in Animal
Feed (FEEDAP). Revision of the currently authorized
maximum copper content in complete feed. EFSA
Jouranal. 2016.14: 4563.
http://www.efsa.europa.eu/en/science/scientific-
committee-andpanels/feedap&ve.

El Basuini MF, El-Hais AM, Dawood MAO, Abou-Zeid AES, EL-
Damrawy Sz, Khalafalla MME, Koshio S, Ishikawa
M, Dossou S. 2016. Effect of different levels of
dietary copper nanoparticles and copper sulfate on
growth performance, blood biochemical profiles,
antioxidant status and immune response of red sea
bream (Pagrus major). Aquaculture. 455: 32-40.
http://www.sciencedirect.com/science/article/abs/
pii/S0044848616300084&ved.

Elsabahy M, Wooley K. 2013. Cytokines as biomarkers of
nanoparticle immunotoxicity. Chem Soc Rev. 2013.
42:5552.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC36

65642/&ved.

Failla ML. 2003. Trace elements and host defense: recent
advances and continuing challenges. Journal of
Nutrion. 133(5 Suppl 1):14435-1447S.
http://doi.org/10.1093/jn/133.5.1443s.

Fawaz, M, Abdel-Wareth AAA, Hassan H, Siidekum K. 2019.
Applications of nanoparticles of zinc oxide on
productive performance of laying hens. SVU-
International Journal of Agricultural Sciences.1(1):
pp. 34-45. http://journals.ekb.eg/article 67076.
DOI: 10.21608/svuijas.2019.67076.

Ghaffari HA, Moradi TA, Tabarraei F. Bokharaei SM,
Zahmatkeshan M, Farahmand. 2019. Inhibition of
HIN1 Influenza Virus Infection by Zinc Oxide
Nanoparticles. Another emerging application of
nanomedicine. Journal of Biomedical Science. 26 (1):
70.
http://jbiomedsci.biomedcentral.com/article/10.11
86/s12929-019-0563-4. DOI:10.1186/512929-019-
0563-4. p.

Gong N, Shao K, Li G, Sun Y. 2016. Acute and chronic toxicity
of nickel oxide nanoparticles to daphnia magna. The
influence of algal enrichment. Nanolmpact. 3-4:
104-109.
http://www.sciencedirect.com/science/article/pii/S
2452074816300672.

Gonzales-Eguia A, Fu CM, Lu FY, Lien TF. 2009. Effects of
nanocopper on copper availability and nutrients
digestibility, growth performance and serum traits
of  piglets. Livest. Sci. 126: 122-129.
http://doi.org/10.1016/].livsci.2009.06.009.

Gopi M, Pearlin B, Kumar RD, Shanmathy M, Prabakar G.
2017. Role of nanoparticles in animal and poultry
nutrition: modes of action and applications in
formulating feed additives and food processing. Int.

journal Pharmacol. 13(7):724-731.
http://doi.org/10.1016/j.aquaculture.2016.01.007.

Grodzik M, Sawosz E. 2006. The influence of silver
nanoparticles on chicken embryo development and
bursa of fabricius morphology. Jouranal of animal

Feed Sci. 15(Suppl. 1): 111-114.
http://www.researchgate.net/publication/2284764
80.

Hillyer J, Fand RM. 2001. Gastrointestinal persorption and
tissue distribution of differently sized colloidal gold
nanoparticles. J. Pharm. Sci. 2.
http://pubmed.ncbi.nim.nih.gov/11745751/&ved

Hulteen JC, Treichel DA, Smith MT, Duval ML, Jensen TR and
Duyne RP, Van. 1999. Nanosphere Lithography:
Size-Tunable Silver Nanoparticle and Surface Cluster
Arrays 3854-63.
http://pubs.acs.org/doi/101021/jp99047718&aved.

Jomova K, Valko M. 2011. Advances in metal-induced
oxidative stress and human disease. Toxicology.
283(2-3), 65-87.
https://doi.org/10.1016/j.tox.2011.03.001

Joshua PP, Valli V, Balakrishnan. 2016. Effect of in Ovo
Supplementation of Nano Forms of Zinc, Copper,
and Selenium on Post-hatch Performance of Broiler
Chicken. Veterinary world. 9 (3): 287-294.
http://pubmed.ncbi.nlm.nih.gov/27057113.
DOI:10.14202 /vetworld.2016.287-294.

Kammler BHK, Madler L, Pratsinis SE. 2001. Flame synthesis

of nanoparticles. 24: 583-96.
http://onlinelibrary.wiley.com/doi/10.1002/1521-
4125.

Kechrid Z and Bouzerna N (2004): Effect of zinc defciency on
zinc and carbo- hydrate metabolism in genetically
diabetic (C57BL/Ksj Db+/Db+) and non-diabetic
original strain (C57BL/Ksj) mice. Turk J Med Sci.
2004;34(6):367-73.
http://journals.tubitak.gov.tr/cgi/viewcontent.cgi%
3Farticle%3D4250%.

Krause BC, Kriegel FL, Rosenkranz D Dreiack N, Tentschert J,
Jungnickel H, Jalili P, Fessard V, Laux P, Luch A.
2020. Aluminum and aluminum oxide nanomaterials
uptake after oral exposure a comparative study.
Scientific reports. 10(1):1-10.
http://www.nature.com/articles/s41598-020-
59710-z&ved.

Kuppusamy P, Yusoff MM, Govindan N. 2014. Biosynthesis
of metallic nanoparticles using plant derivatives and
their new avenues in pharmacological applications.
An updated report. SAUDI Pharm. journal.
http://www.researchgate.net/publication/2752332
23.DO0I: 10.1016/j.sps.2014.11.013.

Li M, Czymmek KJ, Huang CP. 2011. Responses of
Ceriodaphnia dubia to TiO2 and AI203
nanoparticles: a dynamic nano-toxicity assessment
of energy budget distribution. Journal Hazard Mater.

ZAKY et. al.


http://www.efsa.europa.eu/en/science/scientific-committee-andpanels/feedap&ve
http://www.efsa.europa.eu/en/science/scientific-committee-andpanels/feedap&ve
http://www.sciencedirect.com/science/article/abs/pii/S0044848616300084&ved
http://www.sciencedirect.com/science/article/abs/pii/S0044848616300084&ved
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3665642/&ved
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3665642/&ved
http://doi.org/10.1093/jn/133.5.1443s
http://journals.ekb.eg/article_67076
http://jbiomedsci.biomedcentral.com/article/10.1186/s12929-019-0563-4
http://jbiomedsci.biomedcentral.com/article/10.1186/s12929-019-0563-4
http://www.sciencedirect.com/science/article/pii/S2452074816300672
http://www.sciencedirect.com/science/article/pii/S2452074816300672
http://doi.org/10.1016/j.livsci.2009.06.009
http://doi.org/10.1016/j.aquaculture.2016.01.007
http://www.researchgate.net/publication/228476480
http://www.researchgate.net/publication/228476480
http://pubmed.ncbi.nlm.nih.gov/11745751/&ved
http://pubs.acs.org/doi/101021/jp9904771&aved
https://doi.org/10.1016/j.tox.2011.03.001
http://pubmed.ncbi.nlm.nih.gov/27057113
http://onlinelibrary.wiley.com/doi/10.1002/1521-4125
http://onlinelibrary.wiley.com/doi/10.1002/1521-4125
http://journals.tubitak.gov.tr/cgi/viewcontent.cgi%3Farticle%3D4250%25
http://journals.tubitak.gov.tr/cgi/viewcontent.cgi%3Farticle%3D4250%25
http://www.nature.com/articles/s41598-020-59710-z&ved
http://www.nature.com/articles/s41598-020-59710-z&ved
http://www.researchgate.net/publication/275233223
http://www.researchgate.net/publication/275233223

MJIVM, Vol. (3), Issue (1), 2023. Special Issue of 2nd Sci Conference of Fac Vet Med Matrouh University.

DO0I:10.21608/MJVM.2023.182170.1016

187(1-3):502-508.
http://www.sciencedirect.com/science/article/pii/S
0304389411000835&ved.

Moaddabi AH, Spagnuolo G, Soltani P, Molaei S, Rengo C,
Mehdizadeh M.2022. Comparison of antimicrobial
and wound-healing effects of silver nanoparticle
and chlorhexidine mouthwashes. aninvivo study
in rabbits. Odontology.110:577-583
https://doi.org/10.1007/s10266-022-00690-z./ DOI:
10.1007/s10266-022-00690-z.

Matuszewski A, tukasiewicz M, tozicki A, Niemiec J,
Zielinska G, Orska M, Scott A, Chwalibog A, Sawosz
E. 2020. The effect of manganese oxide
nanoparticles on chicken growth and manganese
content in excreta. Anim Feed Sci Technol.
268:114597.
http://www.sciencedirect.com/science/article/abs/
pii/S0377840120305010&ved.

Mazaheri N, Naghsh N, Karimi A, Salavati H. 2019. In vivo
toxicity investigation of magnesium oxide
nanoparticles in rat for environmental and
biomedical applications. Iran Journal Biotech. 17(1):
e1543-9.
http://pubmed.ncbi.nlm.nih.gov/31457037/&ved.

McDonald RS. 2000. The role of zinc in growth and cell
proliferation. Journal of Nutrition. 130: 1500-1508.
http://academic.oup.com/jn/article/130/5/1500S/4
686427&ved.

Miroshnikov S, Yausheva E, Sizova E, Miroshnikova E. 2015.
Comparative assessment of effect of copper nano
and microparticles in chicken. Orient. Journal. Chem.
2015. 31:3227-2336.
http://researchgate.net/profile/Elena-
Sizova/publication/288904212.

Mocchegiani E, Corradi A, Santarelli L, Tibaldi A, DeAngelis
E, Borghetti P, Bonomi A, Fabris N, Cabassi E. 1998.
Zinc, thymic endocrine activity and mitogen
responsiveness (PHA) in piglets exposed to maternal
aflatoxicosis B1 and G1. Vet Immunol
Immunopathol. 62(3):245-260.
http://pubmed.ncbi.nlm.nih.gov/9643458/&ved.

Mohamed MA, Hassan H, Samy A, Abd-Elsame MO,
EISherbin AE. 2016. Carcass characteristics and bone
measurements of broilers fed nano dicalcium
phosphate containing diets. Asian J Anim Vet Adv.
11(8):484-490.
http://www.researchgate.net/publication/3057333
83. D0I:10.3923/ajava.2016.484.490.

Mroczek-Sosnowska N, Batorska M, Lukasiewicz M, Wnuk A,
Sawosz E, Jaworski S, Niemiec J. 2013. Effect of
nanoparticles of copper and copper sulfate
administered in ova on hematological and
biochemical blood markers of broiler chickens.
Annals of Warsaw University of Life sciences-SGGW.
Anim. Sci. 2013. 52: 141-149.
http://doi.org/10.1080/01652176.2022.2073399.

Mroczek-Sosnowska N, Sawosz E, Vadalasetty K,
tukasiewicz M, Niemiec J, Wierzbicki M, Kutwin M,
Jaworski S, Chwalibog A. 2015. Nanoparticles of
copper stimulate angiogenesis at systemic and
molecular level. Int. J. Mol. Sci. 16: 4838-4849.
http://pubmed.ncbi.nlm.nih.gov/25741768/&ved.

Mubin N, Nadarajoo E, Shafri HZM & Hamedianfar A. 2019.
Young and mature oil palm tree detection and
counting by using convolutional neural network
deep learning method. International Journal of
Remote Sensing to link to this article:
https://doi.org/10.1080/01431161.2019.1569282.

Nagadi SA. 2021. Nanominerals: fabrication methods,
benefits and hazards, and their applications in
ruminants with special reference to selenium and
zinc  nanoparticles. Animals J. 11(7):1916.
http://pubmed.ncbi.nlm.nih.gov/34203158/&ved.

O’Dell BL. 2000. Role of zinc in plasma membrane function. J

Nutr. 130(5):14325-14368.
http://academic.oup.com/jn/article/130/5/1432S/4
686406&ved.

Pilaquinga F, Cardenas S, Vela D, Jara E, Morey J, Coronado
JL, Debut A, Pina MLN. 2021. Fertility and iron
bioaccumulation in Drosophila melanogaster fed
with magnetite nanoparticles using a validated
method. Molecules. 26(9):2808.
http://www.mdpi.com/1420-3049/26/9/2808&ved.

Powell SR. 2000. The antioxidant properties of zinc. The
journal of nutrition. 130(5):1447S-1454S.
https://doi.org/10.1093/in/130.5.1447S.

Prescott JF, Baggot JD. 1988. Antimicrobial Therapy in
Veterinary Medicine. 2nd ed. lowa State University

Press. Ames, IA. pp- 564-565.
http://agris.fao.org/agris-arch/search.do%3Frecord
ID%3DGB8904391&ved.

Rajasekaran P, Santra S. 2015. Hydrothermally treated
chitosan hydrogel loaded with copper and zinc
particles as a potential micronutrient-based
antimicrobial feed additive. Front. Vet. Sci. 2015. 2:
62. http://pubmed.nchi.nlm.nih.gov/26664989.
DOI: 10.3389/fvets.2015.00062.

Rajendran, D. 2010. Application of nano minerals in animal
production system. Res. J. Biotech.,, 8: 1-3.
http://www.researchgate.net/publication/2362487
25.

Ramesh S. 2013. Sol-gel Synthesis and Characterization
of Nanoparticles. Volume 2013. Article 1D 929321
http://doi.org/10.1155/2013/929321.

Ramyadevi J, Jeyasubramanian K, Marikani A, Rajakumar G,
Rahuman AA. 2012. Synthesis and antimicrobial
activity of copper nanoparticles. Mater. Lett. 71:
114-116.
http://doi.org/101016/j.matlet.2011.12.055.

ZAKY et. al.


http://www.sciencedirect.com/science/article/pii/S0304389411000835&ved
http://www.sciencedirect.com/science/article/pii/S0304389411000835&ved
https://doi.org/10.1007/s10266-022-00690-z./
http://www.sciencedirect.com/science/article/abs/pii/S0377840120305010&ved
http://www.sciencedirect.com/science/article/abs/pii/S0377840120305010&ved
http://pubmed.ncbi.nlm.nih.gov/31457037/&ved
http://academic.oup.com/jn/article/130/5/1500S/4686427&ved
http://academic.oup.com/jn/article/130/5/1500S/4686427&ved
http://researchgate.net/profile/Elena-Sizova/publication/288904212
http://researchgate.net/profile/Elena-Sizova/publication/288904212
http://pubmed.ncbi.nlm.nih.gov/9643458/&ved
http://www.researchgate.net/publication/305733383
http://www.researchgate.net/publication/305733383
http://doi.org/10.1080/01652176.2022.2073399
http://pubmed.ncbi.nlm.nih.gov/25741768/&ved
https://doi.org/10.1080/01431161.2019.1569282
http://pubmed.ncbi.nlm.nih.gov/34203158/&ved
http://academic.oup.com/jn/article/130/5/1432S/4686406&ved
http://academic.oup.com/jn/article/130/5/1432S/4686406&ved
http://www.mdpi.com/1420-3049/26/9/2808&ved
https://doi.org/10.1093/jn/130.5.1447S
http://agris.fao.org/agris-arch/search.do%3Frecord
http://pubmed.ncbi.nlm.nih.gov/26664989
http://www.researchgate.net/publication/236248725
http://www.researchgate.net/publication/236248725
http://doi.org/10.1155/2013/929321
http://doi.org/101016/j.matlet.2011.12.055

MJIVM, Vol. (3), Issue (1), 2023. Special Issue of 2nd Sci Conference of Fac Vet Med Matrouh University.

DO0I:10.21608/MJVM.2023.182170.1016

Refaie A, Ghazal M, Barakat S, Morsy W, Meshreky S,
Younan G, Eisa W, 2015. Nano copper as a new
growth promoter in the diet of growing New Zealand
white rabbits. Egyptian Journal of Rabbit Science.
25:39- https://doi.org/10.21608/EJRS. 2015.46697.

Rochford ETJ, Richards RG, Moriarty TF.2012. Influence of
material on the development of device-associated
infections. Clin. Microbiol. Infect. 2012. 18: 1162—-
1167. http://doi.org/101111/j.1469-
0691.2012.04002.x.

Salavati NM, Davar F, Mir N. 2008. Synthesis and
characterization of metallic copper nanoparticles via
thermal decomposition Polyhedron 27 :3514-8.
http://doi.org/10.1016/j.poly.2008.08.020.

Salgueiro MJ, Zubillaga M, Lysionek A, Sarabia MI, Caro R,
De Paoli T, Hager A, Weill R, Boccio J. 2000. Zinc as
essential micronutrient: A review. Nutr Res.
20(5):737-755. http://doi.org/10.1016/s0271-
5317(00)00163-9.

Sanati M, Khodagholi F, Aminyavari S, Ghasemi F, Gholami
M, Kebriaeezadeh A, Sabzevari O, Hajipour MJ,
Imani M, Mahmoudi M. 2019. Impact of gold
nanoparticles on amyloid b-induced Alzheimer’s
disease in a rat animal model: involvement of STIM
proteins. ACS Chem Neurosci. 10(5):2299-2309.
http://doi.org/10.1021/acshemneuro.8b00622.

Sanchez G, Rodriguez D, Toledo H. 2016. Nanoparticulas de
xobre como potencial agente antimicrobiano en la
desinfeccion de canales radiculares: revisidn
sistematica. Int. J. Odontostomatol. 2016. 10: 547—
554, http://dx.doi.org/10.4067/s0718-
381x2016000300024.

Schieber M. 2014. Chandel, N.S. ROS Function in Redox
Signaling and Oxidative Stress. Curr. Biol. 2014. 24:
R453-R462.
http://doi.org/10.1016/j.cub.2014.03.034.

Scott, Kate, Roelicha Kb, Barret AOJ. 2018. Extending
European energy efficiency standards to include
material use: an analysis. 18(5): 627-641.
http://doi.org/10.1080/14693062.2017.1333949.

Shah P, Gavrin AA. 2006. Synthesis of nanoparticles using
high-pressure sputtering for magnetic domain
imaging. 301: 118-23.
http://doi.org/10.1016/j.jimmm.2005.06.023.

Sharma MC, Joshi C, Pathak NN, Kaur H. 2005. Copper status
and enzyme, hormone, vitamin and immune
function in heifers. Res. Vet. Sci. 2005. 79:113-123.
http://doi.org/10.1016/j.rvsc.2004.11.015.

Shinde P, Dass RS, Garg AK, Chaturvedi VK, Kumar R. 2006.
Effect of zinc supplementation from different
sources on growth, nutrient digestibility, blood
metabolic profile, and immune response of male
Guinea pigs. Biological trace element research.
112(3): pp. 247-
262. http://doi.org/10.1385/BTER:112:3:247.

Shobha G, Moses V, Anand S. 2014. Biological synthesis of
copper nanoparticles and its impact. Int. J. Pharm.
Sci. Invent. 2014. 3: 6-28.
http://www.researchgate.net/publication/260775.

Sunder GS, Panda AK, Gopinath NCS, Rao SVR, Raju MVLN,
Reddy MR, Kumar ChV. 2008. Effects of higher levels
of zinc supplementation on performance, mineral
availability, and immune competence in broiler
chickens. Journal Appl Poult Res. 17(1):79-86.
http://doi.org/10.3382/japr.2007-00029.

Surai PF, Kochish I, Velichko OA. 2017. Nano-Se assimilation
and action in poultry and other monogastric
animals: is gut microbiota an answer? Nanoscale Res
Lett. 12(1):1-7. http://doi.org/10.1186/s11671-017-
2383-3.

Tai CY, Tai MH, Chang HS, Liu. 2007. Synthesis of Magnesium
Hydroxide and Oxide Nanoparticles Using a Spinning
Disk Reactor. Industrial & Engineering Chemistry
Research 46: 5536-5541.
http://doi:10.1021/ie060869b.

Tapiero H, Townsend DM, Tew KD. 2003. Trace elements in
the human physiology and pathology. Copper.
Biomed. Pharmacother. 57: 386—-398.
http://doi.org/10.1016/s0753-3322(03)00012-x.

Wang J, Zeng YX, Wang SX, Liu H, Zhang DY, Zhang W, Wang
Y, Ji H. 2018. Swine-derived probiotic Lactobacillus
plantarum inhibits growth and adhesion of
enterotoxigenic Escherichia coli and mediates host
defense. Front Microbio 9:1364.
http://doi.org/10.3389/fmich.2018.01364.

Xiang DX, Chen Q, Pang L, Zheng CL. 2011. Inhibitory Effects
of Silver Nanoparticles on HIN1 Influenza A Virus in
Vitro. Journal of Virological Methods. 178 (1): 137—
142. http://doi.org/10.1016/j.jviromet.2011.09.003.

Yadav TP, Yadav RM, Singh DP. 2012. Mechanical Milling: A
Top-down Approach for the Synthesis of
Nanomaterials and Nanocomposites. 2: 22-48.
http://doi.org/10.5923/j.nn.2012020301.

Yoon KY, Byeon JH, Park JH, Hwang J. 2007. Susceptibility
constants of Escherichia coli and Bacillus subitilis to
silver and copper nanoparticles Sci. Total Environ.
2007. 373: 572-575.
http://doi.org/10.1016/].scitotenv.2006.11.007.

Youssef FS, EIBanna HA, Elzorba HY, Galal AM. 2019.
Application of some Nanoparticles in the Field of
Veterinary Medicine. International Journal of
Veterinary science and Medicine. 7 (1): 78-93.
http://doi.org/10.1080/23144599.2019.1691379.

Zhang W, Wang RL, Kleemann DO, Lu DX, Zhu XP, Zhang CX,
Jia ZH. 2008. Effects of dietary copper on nutrient
digestibility, growth performance and plasma
copper status in cashmere goats. Small ruminant
Research. 74:18-193.
https://doi.org/10.1016/j.smallrumres.2007.06.010

ZAKY et. al.


https://doi.org/10.21608/EJRS.%202015.46697
http://doi.org/101111/j.1469-0691.2012.04002.x
http://doi.org/101111/j.1469-0691.2012.04002.x
http://doi.org/10.1016/j.poly.2008.08.020
http://doi.org/10.1016/s0271-5317(00)00163-9
http://doi.org/10.1016/s0271-5317(00)00163-9
http://doi.org/10.1021/acshemneuro.8b00622
http://dx.doi.org/10.4067/s0718-381x2016000300024
http://dx.doi.org/10.4067/s0718-381x2016000300024
http://doi.org/10.1016/j.cub.2014.03.034
http://doi.org/10.1080/14693062.2017.1333949
http://doi.org/10.1016/j.jmmm.2005.06.023
http://doi.org/10.1016/j.rvsc.2004.11.015
http://doi.org/10.1385/BTER:112:3:247
http://www.researchgate.net/publication/260775
http://doi.org/10.3382/japr.2007-00029
http://doi.org/10.1186/s11671-017-2383-3
http://doi.org/10.1186/s11671-017-2383-3
http://doi:10.1021/ie060869b
http://doi.org/10.1016/s0753-3322(03)00012-x
http://doi.org/10.3389/fmicb.2018.01364
http://doi.org/10.1016/j.jviromet.2011.09.003
http://doi.org/10.5923/j.nn.2012020301
http://doi.org/10.1016/j.scitotenv.2006.11.007
https://doi.org/10.1016/j.smallrumres.2007.06.010
https://doi.org/10.1016/j.smallrumres.2007.06.010

MIJIVM, Vol. (3), Issue (1), 2023. Special Issue of 2nd Sci Conference of Fac Vet Med Matrouh University.

DO0I:10.21608/MJVM.2023.182170.1016
Cite this Paper

Mahboba Abd Elwanees Zaky, Said Ibrahim Fathalla, Sherif
Mohamed Shawky, Ahmed M.A. El-Seidy, Ibrahim Said Abu-
alya, and Shimaa Ramadan Masoud (2023). Importance of
Metal Nanoparticles in Veterinary Medicine. MJVM., Vol. (3),
Issue (1) Special Issue of 2nd Sci Conference of Fac Vet Med
Matrouh University, pages (50-57).
DOI:10.21608/MJVM.2023.182170.1016.

About the Journal

Matrouh Journal of Veterinary Medicine (MJVM)
The official journal of the faculty of veterinary
medicine, Matrouh University, Egypt.

Publisher: Matrouh University, Egypt.

ISSN (Online):2735-458X

ISSN (Print): 2735-4903

Indexed in EKB Database

ZAKY et. al.



