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Introduction

Nowadays, nanotechnology potentiates the synthesis of novel materials and tools
that help in the improvement of animal health and production (Bai et al., 2018). Sev-
eral applications of nanoparticle material in animal science include the improvement
of disease diagnosis, treatment, drug delivery, animal nutrition, breeding and repro-
duction, and food safety for human and animal health. Additional benefits of nano-
technology include biomedicine, tumor detection, tumor vaccines, tissue
engineering, MRI contrast enhancement, sensor development, and the detection of
biological molecules (Li et al., 2013; Saini et al., 2010). However, nanomedicine
has elevated the efficacy of drug delivery and cancer thereby (Da Silva et al.,
2016; Duncan and Gaspar, 2011). They added that several functionalized and con-
jugated nanoparticles could be used as drug delivery vehicles and act as cytotoxic
and bioimaging agents. In addition, the nano-sized materials enable efficient encap-
sulation and delivery of drugs (Farokhzad and Langer, 2009) as well as imaging,
measuring, modeling, manipulating the matter of diagnosis (National
Nanotechnology Initiative, 2006), and the treatment of cancer cells (Dilbaghi
et al., 2013a). Currently, the progressive advances in drug delivery by nanomaterial
have overcome the side effects of the old traditional drugs and improved its efficacy
in therapy (Davis et al., 2008; Hu and Zhang, 2010; Peer et al., 2007). On the other
hand, nanotechnology has elevated the efficacy of food system security, the food
industry, and safety (Chen et al., 2006) and has been used in industry, medicine,
and therapeutics (Gajjar et al., 2009). In developing countries, animals are of
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significant economic importance for the security of farmers (Thornton, 2010)
whereas the products of these animals such as milk, meat, hides, and leather are
essential for human populations (Patel et al., 2010). Nowadays, microbial infections
cause several health hazards to humans and animals. Despite progressive advances in
diagnosis and therapeutic technologies, microbial spoilage still has a major eco-
nomic impact on the world’s food supplies and is considered the main source of out-
breaks of human and animal diseases (Taylor and Rodwell, 2001). In the ongoing
race between the emergence of drug resistance and the development of novel anti-
microbial agents, microbes appear to be the targets of several studies (Hassan et al.,
2016a). In addition, nanotechnology helps in the development of new diagnostic
tools and treatments that improve the quality of life of veterinary animals. Some
studies employed nanomaterials in disease treatment such as African animal trypano-
somiasis (Kroubi et al., 2010) as well as foot and mouth disease in cattle (Greenwood
et al., 2008) and sheep (Mohanty et al., 2014). Recently, several studies evaluated the
use of nanobiosensors in the detection of estrus, hormone levels, and metabolite pro-
files (Monerris et al., 2012; Sagadevan and Periasamy, 2014). Also, nanomaterial has
the ability to preserve gonadal tissues, sperm, oocytes, and embryos (Saragusty and
Arav, 2011). Meanwhile, quantum dots (QDs) improve the understanding of mam-
malian spermatozoon and oocyte movements as well as their interactions in a differ-
ent physiological setting of fertility, as detected by Hill and Li (2017). Furthermore,
the nanocomposites can make products and applications for obtaining efficient
results in treatments and diagnosis (Gordon and Sagman, 2003). Also, the compos-
ites of drug molecules with nanomaterials elevated the efficacy of drug solubility and
passed through the blood supply to the targeted affected tissues (Zhang et al., 2008).
Moreover, several nanocomposites can be used in various applications such as nano-
shells to destroy cancer cells, alumino-silicate nanoparticles to reduce bleeding, car-
bon nanoparticles as sensors and for drug delivery, gold nanoparticles (Au NPs) for
diagnosis, silver nanoparticles (Ag NPs) as antimicrobial agents, and iron oxide
nanoparticles to improve MRI imaging (Chakravarthi and Balaji, 2010; Hassan
et al., 2015b). Additionally, other tools such as microfluidics, nanomaterial, and
bioanalytical nanosensors have the potential to solve many challenges in the diag-
nosis and treatment of diseases (Meena et al., 2018). Therefore, this chapter was
undertaken to spotlight the recent advances in nanotechnology and their application
in the field of veterinary medicine. Also, this review includes a brief discussion of the
use of nanomaterials and nanocomposites in human and animal science. Moreover,
practical applications and ways to overcome the suspected toxicity of nanomaterials
in veterinary medicine are fully discussed.

Nanomaterials and nanocomposite applications
in veterinary medicine

There have been rapid advances in the fields of nanomaterials and nanocomposite
applications in biomedical science related to human and animal health. A brief illus-
tration of the beneficial fields of nanomaterials and nanocomposite application in
animal science is shown in Fig. 24.1.
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FIG. 24.1
Field of nanotechnology applications in veterinary medicine and animal science.

24.2.1 Nanomaterial applications in veterinary medicine

Nowadays, there are a variety of nanomaterials that have been used for human and
animal science, including metal nanoparticles, carbon nanoparticles, nanoshells,
QDs, nanoemulsions, chitosan nanoparticles (CS NPs), silica nanoparticles, nano-
sensors, and nanotechnology applications in food (Fig. 24.2).

Recently, nanomaterials have had several applications in biotechnology, biomed-
ical science, engineering, and nanomedicine (Zhang et al., 2016). Some metals such
as gold, zinc, silver, iron oxide, and copper are used to prepare nanoparticles (Mishra
et al., 2009). Metal nanoparticles are employed in antimicrobial potentialities, bio-
sensing, bioimaging, cancer therapy, and other beneficial preparations (Greenwood
et al., 2008; Hassan et al., 2016a, b, 2017); they have resulted in efficient nanopro-
duct synthesis for human and animal health.

24.2.1.1 Antimicrobial agents

The worldwide health problem of microbial drug resistance has gained more atten-
tion with the discovery of new antimicrobial agents from metals such as silver,
zinc, and copper to treat microbial infections (Moghimi, 2005; Wilczynski, 2000).
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FIG. 24.2
Diagram of nanoparticle types used in veterinary medical applications and animal science.

The metal nanomaterials constitute effective antimicrobial agents against common
pathogenic microorganisms (Gong et al., 2007; Hassan et al., 2013a, b; Nabawy,
2015). In addition, metal nanoparticles have greater useful advantages than large-
sized metal particles (Stankic et al., 2016). Recently, Abd-Elsalam et al. (2016)
reported that metal nanoparticles such as Ag, silver oxide (Ag,0), titanium dioxide
(TiOy), silicon (Si), copper oxide (CuO), zinc oxide (ZnO), Au, calcium oxide
(Ca0), and magnesium oxide (MgO) have potential antifungal activity, whereas
most metals provide novel antimicrobial potential (Taylor et al., 2011). Another
study reported that the minimum inhibitory concentration (MIC) of zinc nanoparti-
cles (Zn NPs) was (1.013-296 pg/mL) (Hosseini et al., 2011). However, Hassan et al.
(2015a) showed the antimicrobial potential of Zn NPs against the dermatological
infection of buffaloes through species such as Trichophyton verucosum, Dermato-
philus congolensis, and Staphyloccocus aureus. Similarly, the authors detected the
antimicrobial potential of Zn NPs against Esherichia coli, S. aureas, Candida albi-
cans, and Aspergillus flavus, which caused mastitis in cattle. Regarding Ag NPs
applications, they have several potential uses such as their antimicrobial, antiinflam-
matory, and anticancer properties (Ge et al., 2014; Hassan et al., 2016a, 2017; Zhang
et al., 2016). Currently, Ag NPs showed antimicrobial effects against fungal causes
of skin diseases in bovines (Hassan et al., 2013b); fungal and bacterial diarrhea and
mastitis infection in buffaloes (Hassan et al., 2016a); and mastitis in goats
(Gurunathan et al., 2009; Yuan et al., 2017). However, Refai et al. (2017) detected
the antimicrobial effect of Ag NPs against S. aureus and C. albicans. Meanwhile, the
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Ag NPs significantly reduced the viability of coliform bacteria in ilea contents of
piglets (Fondevilaa et al., 2009). But in another study, no effects of enteric bacteria
were observed in piglets administered Ag NPs (Sawosz et al., 2007). Furthermore,
Hassan et al. (2013b) detected the antifungal potential of the Ag NPs against C. albi-
cans and Trichophyton mentagrophytes. Ag NPs also showed the ability to inhibit the
growth of fungal cells, particularly C. albicans and Dermatophytes (Lara et al.,
2010). Kim et al. (2008) showed that the MIC of Ag NPs against pathogenic Candida
spp. was 1 mg/mL of Ag NPs had higher potential than crud silver. The antifungal
potential of nanosilver against T. mentagrophytes and the Candida species was
detected by Kim et al. (2009). Moreover, the application of nanosilver in the biost-
abilization of footwear materials (1% solution) inhibited the growth of some mold
(Falkiewicz-Dulik and Macura, 2008). Nanoparticles of iron oxide (Fe,O; NPs)
exhibited strong antimicrobial activity (Kaul et al., 2012; Sawai, 2003). Currently,
Fe,O3 NPs are known to have antifungal potential against the growth of mycotoxi-
genic A. flavus while also altering their ability to produce aflatoxin (Ahmad et al.,
2003; Lopes et al., 2002; Nabawy et al., 2014). Meanwhile, Hassan et al. (2013c)
detected the antifungal effect of Fe,O3; NPs against C. neoformance that was recov-
ered from respiratory diseases in cattle. Similarly, Nabawy et al. (2014) and
Mouhamed et al. (2015) detected the antifungal potential of Fe,O; NPs against
the mycotoxigenic Aspergillus species that was isolated from feeds. In another study,
Hassan et al. (2015b) yielded the efficient antimicrobial potential of Fe,O3; NPs
against Trichophyton verrucosum, T. mentagrophytes, and the bacteria of Dermato-
philus sp., which is isolated from bovine skin infections. Abd El-Tawab et al. (2018)
discovered that Fe,O3; NPs have an more of an antifungal effect than Fe;04 NPs.
Nabawy et al. (2014) and Mouhamed et al. (2015) detected that aflatoxin Bl
(AFBI1) and ochratoxin production by respective fungal isolates was significantly
diminished until complete inhibition by increasing the dose treatment with Fe,03
NPs. Moreover, the antimicrobial action of metal nanoparticles was suggested as
being due to disrupting and penetration of the cell membrane of microorganism,
damage and rupture of the cell wall and leakage of cytoplasm contents (Gajbhiye
et al., 2009; Hassan et al., 2014, 2015a, b). In another study, Khandelwal et al.
(2014) determined that Ag NPs were able to prevent the penetration of a ruminant
virus into animal cells by the destructive action of nanomaterials on viral cells. In
another study, the antibacterial effects of Zn NPs against Gram-positive and
Gram-negative bacteria occurred due to the penetration of nanoparticles into the cell
membrane of bacteria and led to cell death (Arabi et al., 2012; Auffan et al., 2009;
Rosi and Mirkin, 2005). Furthermore, the antibacterial activity of ZnO-NPs due to
their interaction with bacterial cells caused microbial cell injury and could enter the
cells (Jin et al., 2009; Stoimenov et al., 2002; Zhang et al., 2007). Currently, we eval-
uate the synthesis and characterization of some metal nanoparticles such as Zn NPs,
Fe,O3 NPs, Ag NPs, and selenium NPs and their antimicrobial potential against the
viability of microbial causes of cow mastitis, abortion, and diarrhea (Fig. 24.3A-C).
The viability and growth of bacterial cells (E. coli and S. aureas) and fungal spores
(A.flavus and C. albicans) significantly decreased as the used concentration on metal
nanoparticles increased. When these isolates were observed by scanning electron
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(A) The SEM image of the particle size and distribution of some metal NPs: (1) Ag NPs,

50nm; (2) Fe,03 NPs, 80nm; (3) Zn NPs, 50nm; and (4) Se NPs, 60nm. (B) Changes in

viability % of bacterial cell at different conc. of NPs (S. aureus and E. coli). (C) Changes

in viability % of fungal cell at different conc. of NPs (A. flavus and C. albicans).
(Continued)

microscopy (SEM), they showed complete destruction and death of the treated
microbial cells (Fig. 24.3D).

Recently, Bai et al. (2018) detected that Au NPs decreased the cell viability of
pathogenic bacteria in chicken. Meanwhile, the antibacterial potential of Au NPs
against the Bacillus species and E. coli was detected by Zhou et al. (2012). Recently,
Mohamed et al. (2017) detected the antibacterial activity of Au NPs against Cory-
nebacterium pseudotuberculosis, which caused chronic caseous lymphadenitis and
resulted in a major economic loss in goats and sheep. On the other hand, regarding
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(D)

FIG. 24.3, CONT'D

(D) Scanning electron microscopy (SEM) of Asperagillus spp. conidia (1) before and

(2) after treatment; C. albicans (3) before and (4) after treatment; E. coli0157:H7 (5) before
and (6) after treatment, and of S. aureus (7) before and (8) after treatment with metal
nanoparticles.
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the single-walled carbon nanotubes (SWCNTSs), it was detected that as the length
decreased, the antibacterial activity increased (Yang et al., 2010). Meanwhile, sus-
pensions such as phosphate-buffered saline decreased SWCNT toxicity and their
interactions with bacterial cells, hence reducing the aggregation of cells (Kang
et al., 2009). However, graphene oxides (GOs) exhibited stronger antimicrobial
potential against food-borne bacteria (Kurantowicz et al., 2015). Boor (2006)
detected the antimicrobial potential of CNTs against the activity of bacteria and
fungi. In another study, the antimicrobial potential of SWCNT was investigated
against bacteria, which caused the failure of bacterial film formation and caused cell
death (Kang et al., 2007). SWCNTs are also toxic to bacterial cells that have the abil-
ity to interrupt bacterial membranes (Liu et al., 2009). Carbon nanotubes (CNTs)
showed selective antibacterial agents (Fernandez-Lopez et al., 2001) and different
forms of graphene materials against Listeria monocytogenes and Salmonella species
(Yeetal., 2015). However, SWCNTs have potential antiviral activity against reovi-
rus (Gurunathan et al., 2013). Similarly, Ye et al. (2015) detected the antiviral activ-
ity of GO against the pseudorabies virus DNA and the porcine epidemic diarrhea
virus. Furthermore, other CNTs (fullerenes) and their derivatives showed antiviral
activity against HIV (Friedman et al., 1993; Sijbesma et al., 1993) and the vesicular
stomatitis virus (Kaesermann and Kempf, 1997).

The antifungal potential of chitosan and CS NPs against Fusarium graminearum
colonies was evaluated, may be used as a novel nano-biopesticides (Kheiri et al.,
2016) and a growth inhibitor for Rhizopus sp. and Aspergillus niger
(Chookhongkha et al., 2012). CS NPs also have antimicrobial activity against Staph-
ylococcus saprophyticus and E. coli (Soutter, 2013). In addition, nanosensors have
antibacterial and antiviral potential, even if used in a very small amount, which
improves the feedstock (Kuswandi et al., 2017; Vyas et al., 2015). Furthermore,
nanoscience produces a novel nontoxic antimicrobial agent against various patho-
gens, including Brucella, Mycobacterium bovis, S. aureus, and Rhodococcus equi
(Muktar et al., 2015) as well as fungi and bacteria that cause mastitis and aflatoxins
in feeds (Hassan et al., 2016a, 2017) in cattle.

24.2.1.2 Mycotoxin degradation

Over the past decade, various mycotoxins were detected as the main contaminant for
foods and feed products, infested with mycotoxigenic fungi which have the potential
ability to produce one or more types of mycotoxins. Mycotoxins are carcinogenic
and make other adverse effects on human and animal health. Hence, the degradation
of mycotoxins can improve animal health and production. Recently, it was reported
that ZnO NPs have antifungal potential against the growth of mycotoxigenic A. fla-
vus while altering its ability for aflatoxin production (Ahmad et al., 2003; Hassan
et al., 2013a; Lopes et al., 2002; Nabawy, 2015). Meanwhile, Hassan et al.
(2013a) demonstrated the ability of zinc NPs to inhibit the growth of mycotoxigenic
molds and respective mycotoxin production (aflatoxins, ochratoxins, fumonisin B1)
at the concentrations of 8, 10, and 10 pg/mL of ZnO NPs, respectively. Aflatoxigenic
A. flavus strains that require higher concentration of metals nanoparticles (250 pg/
mL) than nonaflatoxigenic strains (150 pg/mL) to inhibit their growth in animal feeds
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and aflatoxins production (Nabawy et al., 2014). Similarly, Mouhamed et al. (2015)
reported that Zn NPs inhibit the growth of ochratoxigenic mold in feeds. Moreover,
the inhibition of microbial growth by metal nanoparticles varies according to their
particle size and dose levels of treatment (Shawky et al., 2014; Violeta et al.,
2011). The first step in the degradation of mycotoxins by metal nanomaterials,
Hassan et al. (2016a, b, 2017) successfully eliminated the carcinogenic effects of
aflatoxins on vital organs such as the liver and kidney of rabbits by the addition
of Zn NPs in the feed. Similarly, Abd El-Fatah et al. (2017) detected the ability
of Zn NPs to eliminate the aflatoxicosis carcinogenic effects in rats. However,
ZnO NPs can cause toxicity to vital internal organs in sheep (Allen et al., 1983). Sim-
ilarly, the oral administration of Zn NPs in mice resulted in toxicity to their vital
organs (Wang et al., 2008a).

Nowadays, researchers detected that the treatment of trichothecenes-producing
Fusarium poae by Zn NPs and Ag NPs resulted in the inhibition of their growth via-
bility as well as trichothecenes mycotoxin production while decreasing the density
and quantity of biosynthetic genes as detected by RT-PCR. We also reported that the
nanoemulsion of cinnamon and olive oils caused the complete inhibition of myco-
toxigenic Fusarium growth and mycotoxin production at concentrations of 2%—3%.
Gholami-Ahangaran and Zia-Jahromi (2013, 2014) reported the ability of Ag NPs to
degrade aflatoxin in broiler chickens feed, Ag NPs are significantly elevated body
weight gain and feed consumption. The significant application of magnetic nanopar-
ticles (MNPs) in toxin degradation through dehydroxylation of the toxin (Mishima
et al., 2007). Moreover, Gibson et al. (2011) modified nanodiamond substrates in
carboxylation, hydrogenation, and hydroxylation for immobilization of the carcino-
genic effects of mycotoxins, particularly AFB1 and ochratoxin A (OTA). Currently,
the antimicrobial potential of CNTs against aflatoxigenic A. flavus and the preven-
tion of aflatoxin production in feeds were investigated (Hassan et al., 2019).
The obtained results showed that the viability of microbial cells was inhibited and
complete prevention of aflatoxin production occurred at a concentration level of
125 pg/mL of CNTs.

24.2.1.3 Diagnosis and therapy of animal diseases
Veterinary applications of metal nanoparticles have been used in various fields
related to animal disease diagnosis and treatment as well as biological sensing. Sev-
eral metal nanomaterials such as Zn NPs have been significantly used in diagnostic
and therapeutic activities in animal lymphomas, cutaneous cancers, transmissible
venereal tumors, and equine sarcomas (Borzacchiello and Corteggio, 2009; Carr
etal., 2001; Raguvaran et al., 2015; Scott and Miller, 2003). Recently, in dairy cattle,
Gurunathan et al. (2018) showed the antibacterial potency of Ag NPs against causes
of endometritis (Prevotella melaninogenica and Arcanobacterum pyogenes). More-
over, Asgary et al. (2016) used Ag NPs as adjuvants of the rabies virus in mice and
dogs and observed that no toxicity occurred.

Several studies applied Au NPs in the diagnosis and detection of some viral
infections in chickens (Nurulfiza et al., 2011); the foot and mouth disease virus
(Ding et al., 2011); and the bluetongue virus in cows (Yin et al., 2011) and pigs
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(Wang et al., 2013). Au NPs were used in the detection and diagnosis of some bac-
terial diseases in chickens (Moongkarndi et al., 2011), Mycoplasma suis in pigs
(Meng et al., 2014), and bacterial toxins (Zhu et al., 2014). Also, Au NPs were
applied in serological diagnosis of cystic echinococcosis (Jahani et al., 2014) and
E. coli O157:H7 in feed and water in mastitis of cow (Hassan et al., 2015c) and
canine parasitic infestation (Jiang et al., 2015). Other studies have detected that
carbon-based nanomaterials (CBNs) such as CNTs, graphene (G), carbon fibers,
and carbon nanoparticles have huge potential in biomedicine, nanoelectronics,
and mechanical engineering (De-Volder et al., 2013; Le Croy et al., 2016). They
can be used in disease diagnosis, gene therapy, and physiological treatments (Li
et al., 2017; Wang et al., 2017). Nowadays, the varieties of nanomaterials and nano-
sensors have a significant value in all aspects of animal science such as the diagnosis
of tuberculosis in bovines and the resulting therapy (Kuswandi et al., 2017,
Sekhon, 2012).

24.2.1.4 Cancer detection, therapy, and imaging

It is interesting to report here that Zn NPs can kill cancer cells without affecting on
normal immune cells and hence can be used as anticancer agents and for cancer diag-
nostic devices in humans and veterinary animals (Wang et al., 2009). On the other
hand, a carbon nanoparticle suspension injection (CNSI) can act as a drug carrier,
where it has the ability to adsorb drugs such as epirubicin and doxorubicin drugs
(Xie et al., 2016), which are used in lymphatic chemotherapy (Yang et al., 2012).
Currently, CNST has been applied for clinical treatments as part of an injection during
oncological surgery (Xie et al., 2017a). CNSI could be applied for lymphatic map-
ping as well as in parathyroid gland and lymph node tumor imaging, such as in gastric
cancer (Lietal., 2016; Zhu et al., 2016) and breast cancer (Wu et al., 2015). Gu et al.
(2015) and Zhu et al. (2016) successfully investigated relevancy of CNSI in lymph
node dissection in the diagnosis of thyroid carcinoma. Furthermore, the CNSI might
include in photothermal therapy, gene delivery, and serve as an immune adjuvant
(Liu et al., 2013; Xie et al., 2017a, b). Meanwhile, the QDs polyethylene glycol
(PEG)-functionalized carbon nanoparticles were nontoxic to mice after intravenous
exposure (Yang et al., 2009). Moreover, CBNs can be utilized in the imaging of
organs such as lymph nodes as well as physiological treatments (Li et al., 2017;
Wang et al., 2017).

Wang et al. (2008b) evaluated silica nanoparticles (SNPs) in the imaging of
tumor cells, where the primary or secondary antibodies immobilized onto the SNPs
and attached them to cancer cells. Similarly, He et al. (2009) detected that the in vitro
adoption of SNPs in methylene blue dyes initiated fluorescent imaging of HeLa cells
and can be injected directly into the tumors in mouse causing its necrosis after laser
radiation treatment. SNPs can also be used for the photodynamic therapy of cancer
by producing singlet oxygen through fluorescence energy (Kim et al., 2007) and
MNP employed in medical imaging (Mishima et al., 2007). Recently in sheep,
Fe,O3 NPs were used for the diagnosis of tendon disease by fluorescent imaging
(Scharf et al., 2015).
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24.2.1.5 Drugs and vaccine delivery

The advance tools in nanotechnology developed new delivery systems and methods
at the nanoscale level to produce chemical and biological reactions related to targeted
sites and cells (Tomanek and Enbody, 2000). In the early stage, the use of nanotech-
nology in the treatment of Sal/monella typhi infection in mice conjugated with ampi-
cillin resulted in a decrease in the amount of ampicillin used. Therefore, their
residues in animal tissues were reduced, which reflected the safety of produced food
(Fattal et al., 1989). Significant applications of MNPs include pathogen detection,
protein purification, and drug delivery (Mishima et al., 2007). Narducci (2007)
injected the Ag NP-loaded rabies vaccine into dogs, checked them daily for 14 days,
the obtained data noted that no abnormal signs. Recently, CS NPs have been widely
studied for the delivery of antibiotic drugs (Cover et al., 2012; Zaki and Hafez, 2012)
and anticancer drugs such as S-fluorouracil, paclitaxel doxorubicin, letrozole, and
saponin (Rejinold et al., 2011; Saboktakin et al., 2011). Several reports examined
the application of CBNs in animal disease diagnosis and drug delivery (Li et al.,
2017; Wang et al., 2017), and carbon-based drug delivery systems for cancer treat-
ment (Reina et al., 2017). Furthermore, the use of nanotechnology in drug delivery
reduces the amount of antibiotics administered for the treatment of diseased animals
and hence reduces their residue in animal tissues.

24.2.1.6 Animal production, reproduction, nutrition, and breeding

The novel tools of diagnosis and treatment of animal diseases by recent nanotech-
nology have potentiated progressive advances in animal production and reproduc-
tion. The feed supplements at the nanoscale of nanocopper and nanochromium
are more bioavailable to animals and poultry, allowing more interaction to occur
in the gut and better absorbance (Gonzales-Eguia et al., 2009; Huang et al., 2009;
Sirirat et al., 2013; Wang and Xu, 2004; Zha et al., 2009).

Recently, several studies detected that the supplementation of ZnONPs into poul-
try feeds to improve their growth performance, immune status, reproduction activity,
and preventing microbial infections (Partha et al., 2015) and piglets and poultry
(Lina et al., 2009; Yang and Sun, 2006). However, the bulk of the zinc was added
as a feed additive to pigs to treat diarrhea caused by enterotoxigenic E. coli
(Broom et al., 2006; Case and Carlson, 2002). The dietary supplementation of
zinc-methionine in feeds of mastitis cows caused an elevation in milk production
(Salama et al., 2003). Meantime, the addition of Zn NPs in cows that suffered from
subclinical mastitis caused a reduction in the level of the somatic cell and improved
milk production (Rajendran et al., 2013). However, the mastitis disease caused huge
economic losses by reducing the milk yield. The most recovered organisms are S.
aureus, E. coli, C. albicans, A. flavus and A. niger, and they can be successfully trea-
ted by ZnO NPs (Bajpa et al., 2012; Hassan et al., 2014; Jalal et al., 2011). Currently,
Bai et al. (2018) screened the antibacterial potential of Zn NPs against Staphylococ-
cus epidermidis, Streptococcus agalactiae, Klebsiella pneumoniae, and E. coli
recovered from mastitis. On the other hand, in poultry, the addition of ZnO-NPs
to feeds of broiler chicks significantly improved the growth, production, and dress
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performance (Lina et al., 2009; Mishra et al., 2014). Within another function, it has
the ability to potentiate economic importance in piglets via increasing their growth
performance and feeding utility (Yang and Sun, 2006). Ag NPs in broiler chickens
caused antimicrobial and growth-promoting effects, but the level of plasma immu-
noglobulin (IgG) was decreased (Pineda et al., 2012). Furthermore, nanographene is
monitored in the measurement of blood parameters and the milk of large and small
ruminant animals (Bischoff et al., 2010; McComb et al., 2010; Rahimi, 2013). In
addition, the oral administration of milk containing casein nanoparticles conjugated
with vitamin D to humans or animals reached the stomach in which nanocasein
hydrolyzed separated from vitamin D, resulting in the elevation of their bioavailabil-
ity (Haham et al., 2012). Several reports evaluated employed various nanoparticles to
improve meat and egg quality. Wang and Xu (2004) added chromium nanoparticles
(200 pg/kg) in pig feed, which caused an increase in muscle mass and improved pork
quality. Similar results were detected in birds when chromium nanoparticles added to
feed (500 pg/kg) caused the decreased cholesterol content of muscles and raised the
feed efficiency (Zha et al., 2009). Huang et al. (2009) gave a nanocalcium compound
to mice that resulted in its bioavailability and increased the density of bone minerals,
which is higher than the use of calcium compounds on a large scale.

The administration of CS NPs loaded with chromium pigs feed resulted in an
improvement in pork quality and the low-fat content of meat by decreasing the syn-
thesis of fatty acids (Wang et al., 2012, 2014).

Regarding animal reproduction, nanotechnology develops nanobiosensors for
detection of the reproductive and fertility status of animals for use in fertility control
applications, the cryopreservation of gametes and embryos, and the detection of fer-
tility hormones (Saragusty and Arav, 2011). They added that nanobiosensor devices
can help in the detection of diseases, pathogens, estrus, hormone levels, and metab-
olites as tools for reproductive management. Similarly, the level of estrogen hor-
mones in the blood of animals could be measured by implantation of nanotubes
under the skin and hence the detection of estrus. This is due to the nanotubes binding
with estradiol antibodies by fluorescence-producing signals that help in the control
system of breeding (O’Connell et al., 2002). The state of animal breeding such as
fertilization and the viability of sperm and eggs can be measured by nanofluid. In
addition, metal nanoparticles are used for the cryopreservation of gonadal tissues,
sperm, oocytes, and embryos to cause ultrafast cooling rates and homogeneous
rewarming of the biological materials (Tomanek and Enbody, 2000).

24.2.1.7 Food and feed safety

Applications of nanomaterials are currently used for the meat and food industry,
including the use of nanomaterials as carriers of food ingredients/additives that
are placed directly into food or as a part of food packaging. In addition, this can
improve the dispersing ability of fat-soluble additives in food products, enhance
taste, and reduce the use of fat, salt, sugar and preservatives, preventing hypertension
and cardiovascular disease in humans and animals. Nowadays, several applications
of metal nanomaterials in veterinary medicine used Zn NPs as a food preservative
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and feed additive. However, they are toxic to microorganisms and used as antimicro-
bial agents (Hosseini et al., 2011) and their addition in cow feeds resulted in a sig-
nificant increase in milk production (Rajendran et al., 2013). In addition, they can be
used in catalysis, sensors, environmental remediation, and personal care products of
humans and animals (Raguvaran et al., 2015).

The nanocarriers enable nutritive substances to be resistant to protease enzymes
and other desaturating compounds. Also, it may be increasing its ability to transfer
across the intestinal membrane into blood. In addition, nanocarriers controlled
release and better dispersion of nutrients in aqueous systems to water-insoluble food
ingredients (Lee, 2010). Nanomaterials can produce novel tools for the detection of
food-borne pathogens such as nanomaterials loaded with anti-S. aureus antibodies;
gold and iron oxide nanoparticles yielded the rapid detection of S. aureus in milk
(Sung et al., 2013). Similarly, nanotechnology could be applied in the science of bio-
medicine, food systems, food system security, and disease treatment delivery (Scott,
2005). Nowadays, the varieties of nanomaterials and nanosensors are of significant
value in all aspects of animal science, and are used as additives to animal products
and food safety (Muktar et al., 2015). In the near future, nanotechnology will poten-
tiate in the production of “interactive” poultry meat that changes color, flavor, or
nutrients (Meena et al., 2018).

Nanocomposite applications in veterinary medicine

Until now, the conjugated and functionalized nanoparticles have resulted in the for-
mation of hybrid nanomaterials (nanocomposites) that have significant benefits to
animal health and production. They can be used in drug delivery, MRI imaging,
the delivery of therapeutic agents such as anticancer drugs, and disease diagnosis,
particularly tumor imaging.

24.2.2.1 Antimicrobial agents

Nowadays, several studies have employed nanomaterials to avoid the toxic doses of
metal nanoparticles for animal health. Hassan et al. (2016a, 2017) reported that syn-
ergistic and combination therapy has the ability to overcome microbial resistance to
traditional antibiotics, resulting in more efficient antimicrobial and antitoxin activity
of metal nanoparticles for the treatment of human and animal diseases. However,
Mody et al. (2010) detected the availability of metal nanomaterial conjugation with
drugs and other biomedical components of health importance. Hassan et al. (2016a)
detected that the combination between Ag NPs and traditional antibiotics resulted in
the requirement of lower concentrations from both to obtain the strong antimicrobial
effects against C. albicans, A. flavus, Salmonella, and S. aureas. In addition, the com-
bined and synergistic therapy of low dose levels of antibiotics and Ag NPs enhanced
their antibacterial and antifungal effects (Gurunathan et al., 2014, 2015). The con-
jugation of nanosilver together with Fluconazole (antifungal) and Florfenico (anti-
bacterial) have more potential to inhibit the growth of microbial causes of disease
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in buffaloes rather than their single forms (Hassan et al., 2016a). This combination
resulted in a decrease in Ag NPs dosage to avoid toxicity in the animal. Similarly,
Smekalova et al. (2016) screened the antibacterial activity in the combined therapy
of Ag NPs with penicillin G against Actinobacillus pleuropneumoniae. These activ-
ities are attributed to the potential of Ag NPs in killing and their destructive effects on
microbial cells (Kim et al., 2008). In addition, the functionalized SWCNTs had an
antiviral effect against reovirus (Gurunathan et al., 2013), HIV (Friedman et al.,
1993), and vesicular stomatitis virus (Kaesermann and Kempf, 1997). Therefore,
it is suggested that SWCNTSs and multiwalled carbon nanotubes (MWCNTSs) could
be functionalized and combined with bioactive molecules to be a benefit in diverse
biological applications (Endo et al., 2008). The carbohydrate-functionalized CNTs
have antibacterial and antifungal potential against E. coli, C. albicans, A. flavus
(Elkin et al., 2005), and Bacillus anthracis (Wang et al., 2008c). Meanwhile, the func-
tionalized CNTs can influence the viability of cells by injection CNTs with complex
cells (Kam et al., 2005). Also, CNTs were employed as cancer biomarkers (Thakare
etal., 2010) and viruses therapy agent (Patolsky et al., 2004). CNTs have the ability to
detect particular DNA sequences in cells (Tu et al., 2009). Zhu et al. (2015) and Zhang
and Gurunathan (2016) determined the significant antibacterial effects of various car-
bon nanoparticles and nanocomposites against bacteria causing mastitis in cows. The
well-functionalized CNTs have more beneficial effects on biological cells than the
nonfunctionalized CNTs (Khalid et al., 2016). Hence, the benefit activity of CNTs
is associated with the property of conjugation with other biological components
(Dumortier et al., 2006). Therefore, there is significant importance in functionalized
SWNTs for clinical applications in human and animal health (Fig. 24.4).

Several studies illustrated that the antimicrobial potential of liposomal formula-
tions against several pathogenic bacterial species (Swenson et al., 1998). The
liposome-encapsulated gentamicin has antibacterial potential against causes of mas-
titis in bovines such as S. aureus (MacLeod and Prescott, 1988). However, liposome-
encapsulating tobramycin has broad-spectrum antibacterial effects against different
kinds of bacteria (Sachetelli et al., 2000). In a study by Singla et al. (2016), liposome-
encapsulating phage showed strong antibacterial potential against multidrug-
resistant bacterial infections. Moreover, the liposomal AmB is an effective and less
toxic antifungal than conventional agents in the treatment of mycotic respiratory
infection in animals (Lambros et al., 1997; Leenders and De Marie, 1996) as well
as yeast infections in mice (Khan et al., 2005) and dogs (Krawiec et al., 1996). In
a recent study, Al-Qushawi et al. (2016) investigated the antimicrobial potentials
of tilmicosin in poultry in its binding with the micelle’s nanomaterials. Similarly,
the antiviral activity of liposomal-encapsulated ribavirin was used in animals, result-
ing in increasing the drug safety efficacy and preventing replication of the virus
(Kende et al., 1985; Makabi-Panzu et al., 1994). Also, it can be used as a carrier
against different types of microorganisms, such as the influenza virus (Boraschi
and Italiani, 2015), HAV, HIV (Qiao et al., 2016), and infectious Plasmodium vivax
(Powles et al., 2015). Moreover, the conjugation of the hem-agglutinin-derived syn-
thetic peptide with liposome induces antiviral protection against the lethal influenza
virus (Rhee et al., 2012).
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FIG. 24.4

Schematic of different methods of functionalizing SWNTs: (A) single-walled carbon nanotube,
(B) endohedral functionalization with, for example, C60, (C) covalent sidewall
functionalization, (D) defect-group functionalization, (E) noncovalent exohedral
functionalization with surfactants, (F) noncovalent exohedral functionalization with polymers,
and (G) metal plating of carbon nanotubes.
Copyright from reference Rakesh, P.S., Abdalla, A.M., Abdel Fattah, A., Ghosh, S., Puri, I.K., 2018. Chapter 2:
Synthesis, characterization, and applications of carbon nanotubes functionalized with magnetic nanoparticles.
In: Balasubramanian, G. (Ed.), Advances in Nanomaterials. Springer International Publishing AG 37. https:/doi.
0rg/10.1007/978-3-319-64717-3_2 (web archive link).

Recently, the antimicrobial potential of polymeric nanoparticles composed of
chitosan was evaluated against various causes of diseases such as E. coli O157:
H7 (Doavi et al., 2016), Pseudomonas aeruginosa (Cui et al., 2015), the influenza
virus (Oberoi et al., 2016), HBV (Lebre et al., 2016), filariasis (Malathi et al.,
2015), and dengue (Hunsawong et al., 2015). Furthermore, the attached hybrid
dendrimer-based nanomaterials with the biological molecules of the cell wall as pro-
teins initiated the rapid destruction of bacterial cells (Xiao et al., 2016).
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The antimicrobial potential of dendrimer-based nanocomposites caused inhibi-
tion of the growth of several pathogenic bacterial species via their ability to penetrate
microbial cell membranes and cytoplasm contents with the final death of cells (Bai
et al., 2018). Recently, Meena et al. (2018) reported that lipophilic substances and
protection from degradation are the significant advantages of nanoemulsions. Essen-
tial oils obtained from Mentha piperita and encapsulated in chitosan nanogels with
cinnamon acid showed antifungal potential against A. flavus (Beyki et al., 2014).
Hassan et al. (2012a, b) used forskolin emulsions as antifungals against mycotoxi-
genic fungi (Hassan et al., 2012a, b). Hassan and Mansour (2003) and Hassan
et al. (2008) determined that nanoemulsions of Rhamnus cathartica oil, molasses,
and garlic extracts successfully eliminated the fungal contamination in tested feeds.
Moreover, the nanoemulsions of natural oils are characterized by their physical
activity and avoid chemical action. In addition, the contact of oil nanodrops with
the membranes of bacteria, fungi, or enveloped viruses caused the leakage of cell
contents and the death of organisms (Meena et al., 2018). The administration of con-
jugated penicillin or methicillin (f-lactam drug) to polymeric polyacrylate nanopar-
ticles may increase the antibacterial activities of drugs. This due to the nanoparticles
improves the destroying action of B-lactamase in the animal body and used against
penicillin and methicillin-resistant S. aureas (Turos et al., 2007). Similarly, Ghosh
et al. (2010) evaluated the antibacterial potential of tetracycline loaded into poly-
meric CS NPs against E. coli strains and the MIC was 700 pg/mL.

24.2.2.2 Mycotoxin degradation

The authors of this chapter evaluated the antifungal and antimycotoxin potentials of
conjugated Ag NPs with olive oil against the mycotoxin-producing Fusarium sp.
They caused the inhibition of fungus growth and the prevention of trichothecene
and zearalenone production. In addition to antiflatoxins and antishiglla toxins, the
antimicrobial potentials for nanoemulsions of cinnamon oil and Zn NPs were eval-
uated against isolated A. flavus and E. coli from feeds and diarrheic buffaloes. The
results showed the complete inhibition of microbial growth and that toxin production
requires lower levels of the combined form (100 pg/mL of Zn NPs and 1% of cinna-
mon oil) than the single use of Zn NPs (500 pg/mL) and cinnamon oil (3%) in treat-
ment. In other studies, the role of MNPs in toxin decorporation was reported by
Leroux (2007) while the reduction and removal of toxins from contaminated mate-
rials was detected by Wang et al. (2006). Similarly, mycotoxins such as aflatoxins
and OTA were completely detoxified by the addition of Fe,O; NPs to mycotoxicosis
poultry feeds (Mouhamed et al., 2015; Nabawy et al., 2014). It is interesting to report
that the synergistic and combination therapy of the lower doses of Zn NPs and ozone
fumigation were able to cause the complete detoxification of AFB1 in poultry feed at
lower nontoxic doses (40 ppm of ozone +25 pg of Zn NPS/kg of yellow corn) (Hassan
et al., 2017). The authors have evaluated olive oil and cinnamon oil emulsions
against the mycotoxigenic Fusarium species and the production of trichothecene
and zearalenone mycotoxins. These emulsions have antifungal and antimycotoxin
potentials at concentrations of 2%—3%.
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24.2.2.3 Diagnosis and therapy of animal diseases

In recent years, there have been progressive advances in the diagnosis and therapy of
animal diseases, particularly using nanocomposites to improve diagnostic tools. The
main types of MNPs are composed of iron oxide and have several applications in
biomedicine through coating MNPs by biofunctional molecules to increase their sen-
sitivity for many biological applications. Furthermore, biocompatibility, a large
surface-to-volume ratio, and chemically reactive biomolecules provide a lot of
chemically active sites for biomolecule conjugation, responsible for their functiona-
lization and the encapsulation of other biological materials (Gupta and Gupta, 2005;
Shokrollahi, 2013; Tartaj et al., 2003). The MNP structures and coating schemes with
many other beneficial materials are of significant health importance to humans and
animals; they are illustrated in Fig. 24.5.

In this direction, Gu et al. (2003) used vancomycin-conjugated FePt nano-
particles to detect vancomycin-resistant enterococci and other Gram-positive bac-
teria at low concentrations by increasing the ability of vancomycin to penetrate the
microbial cells after conjugation. Moreover, Kaittanis et al. (2007) detected the
high potential of immunomagnetic nanosensors (superparamagnetic iron oxide
NPs) in the detection of Mycobacterium avium paratuberculosis. In another study,
E. coli O157:H7 could be detected by dextran-coated iron oxide nanosensors or
silica-coated iron oxide nanosensors (Kaittanis et al., 2008). Furthermore, MNPs
will be useful for various biological applications in veterinary medicine and
produce useful tools for disease diagnosis, MRI imaging, drug delivery, and cancer
therapy (Michalet et al., 2005). The recent exposure of murine models to Fe,03
NPs resulted in a significant decrease in inflammatory reactions such as footpad
swelling and increased phagocytosis activity in the spleen (Shen et al., 2012). In
addition, MNPs offer a simple and versatile platform for separating six histidines
(6xHis)-tagged protein and increasing the protein binding capacity (Xu et al.,
2004a, b). The production of heterodimers of two distinct nanospheres is a way
to fabricate Fe;O4-Au heterodimers in a homogeneous organic solvent (Yu
et al., 2005).

) (B)
FIG. 24.5

Magnetic nanoparticle (MNP) structures and coating schemes. (A) End-grafted polymer-
coated MNP; (B) MNP fully encapsulated in polymer coating; (C) liposome-encapsulated

MNP; (D) core-shell MNP; and (E) heterodimer MNP.
Copyright from reference Sun, C., Lee, J.S., Zhang, M., 2008. Magnetic nanoparticles in MR imaging and drug

delivery. Adv. Drug Deliv. Rev. 60 (11), 1252-1265, with permission from Elsevier.
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In recent years, Au NPs have been characterized by their biocompatibility with
human cells and the ability to conjugate with DNA, RNA, antibodies, and peptides
(Shah et al., 2014), which has resulted in the initiation of novel nanodiagnostic tools
(Syed and Bokhari, 2011). Some studies used Au NPs as biosensors in the synthesis
of the immune-chromatographic strip for efficient diagnostic assays (Halfpenny and
Wright, 2010; Syed and Bokhari, 2011) to detect antibodies against microbial anti-
gens (Cui et al., 2008) and bacterial and viral diseases (Peng et al., 2008). Further-
more, the functionalized Ag NPs with some oils were used for treatment of
dermatophytes diseases in animals (Bansod et al., 2015). The authors have deter-
mined that the conjugation of Ag NPs with olive oil resulted in significant and obvi-
ous antimicrobial effects against bacterial and fungal causes of mastitis in cows at
concentrations of 300-500 pg/mL.

However, Parvongnukul and Lumb (1978) detected the useful application of
functionalized graphite in the treatment of bone disorders in ovine. In addition, func-
tionalized nanographene has several advantages that help in clinical applications in
the therapy of animal diseases (Novoselov, 2004; Sanchez et al., 2012) and can also
be used in various biomedical applications (Sun et al., 2008a, b). In another study, the
polymers of nanomaterials can be prepared by adhesion of the natural biological
compound as carbohydrates and protein molecules with a polymer that increases
the efficacy of delivery of these compounds (Meena et al., 2018). In addition, several
studies used natural polymeric nanoparticles in disease diagnosis such as inulin in
anthrax (Feinen et al., 2014); L. monocytogenes (Rodriguez-Del et al., 2015), the
influenza virus (Honda-Okubo et al., 2012), SARS-CoV (Honda-Okubo et al.,
2015), HBV (Saade et al., 2013), and HIV (Petrovsky and Cooper, 2015).

Synthetic polymer nanoparticles were used in the treatment of several diseases
(Cho et al., 2008). In addition, the synthetic polymeric nanoparticle drugs were used
to detect several causes of animal diseases such as S. aureus (Colonna et al., 2013;
Liu et al., 2017), tuberculosis (Lawlor et al., 2016; Parlane et al., 2012), Brucella
abortus, B. anthracis (Zhao et al., 2014a, b), influenza (Oberoi et al., 2016), and
Plasmodium malariae (Powles et al., 2015) infections. Also, QDs could be used
to screen blood samples for certain proteins that may indicate certain diseases
(Mohanty et al., 2014). QDs were applied in microbial detection such as pathogenic
mycobacteria with CdSe QDs conjugated with streptavidin (Liandris et al., 2011).
Hahn et al. (2005) used the brighter signal of streptavidin-conjugated CdSe/ZnS
(core/shell) QDs for detection of the E. coli O157:H7 strain.

Modified CS NPs have the ability to decrease doses of used drugs in disease treat-
ment, which can lower the costs associated with drug treatments (Aruna et al., 2013;
Fang et al., 2007; Wang et al., 201 1a) and also in antitumor treatments (Ghadi et al.,
2014). Moreover, chitosan nanocomposites could be used for tumor therapy (Aruna
etal., 2013; Cao and Zhou, 2005; Fang et al., 2007). Other studies by Lu et al. (1999)
illustrated that the injection of a chitosan solution in articular cartilage increases the
chondrocyte density and their genesis. The chitosan-based material can support
chondrogenesis, activate produced new cartilage, and improve the long-term out-
comes of cartilage repair in clinical settings (Suh and Matthew, 2000). In addition,
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it can be used in gene therapy and have an adjuvant effect in vaccines in vivo
(Peniche and Peniche, 2011; Shi et al., 2012).

Silica nanoparticles (SNPs) have been characterized by well-defined structures
that enable them to be easily combined with other materials (Burns et al., 2006).
In addition, their optical transparency allows excitation and emission light to pass
through targeted cells (Shirahata, 2011). SNPs can also be conjugated with drug mol-
ecules and enter targeted cells in diseased animals, resulting from the effective accu-
mulation of drugs inside cells and hence treatment (Taylor-Pashow et al., 2010;
Wang et al., 2008b). Peled et al. (2012) diagnosed a respiratory mycobacterial infec-
tion in cattle using nanocomposite tools. Nanomaterials have the ability to conjugate
with biological elements such as viral and phage cells and are used for bacterial
detection (Billington et al., 2014).

Recently, Bai et al. (2018) reported that nanosensors can provide a diagnosis of
subclinical bovine ketosis by using p-hydroxybutyrate (BHBA). In addition, nano-
sensor tools are used in the measurement of different physical and chemical blood
parameters (Cui and Mumper, 2001; Hasuwa et al., 2010; Rolfe, 2012) and the detec-
tion of the constituents of animal excretions such as sweat, breath, and temperature
(Neethirajan et al., 2017). Currently, various types of nanosensors can be utilized in
the detection of cations, anions, organic compounds, and other toxic and microbial
content in feed, food, and intelligent packaging (Lu and Bowles, 2013; Neethirajan
et al., 2017). Generally, it is suggested that the action potentials of nanosensors are
due to two detection principles: catalytic sensing (using enzymes, cells, tissues/
organelles, and microorganisms) and affinity sensing (antibodies, nucleic acid,
phages, bonding proteins, polymers, and synthetic proteins) as a diagnosis tools
(Akkoyun et al., 2000). The first step in this direction, Wang et al. (2011b) used
the nanocomposites of polyclonal antibodies and Au NPs for immunochromato-
graphic strip detection of toxin contaminants in milk such as carcinogenic
aflatoxin M1.

Nanoshells are composed of a dielectric core material such as silica conjugated
with a metallic material layer can be injected into animals with targeted agents that
search and attach to cancer cell receptors (Hirsch et al., 2003).

While QDs have many advantages over organic fluorescent dyes, they are
brighter and easier to visualize than organic dyes. Hence, they can observe cell path-
ways and events inside the animal body as well as drug delivery to target tissues
(Chakravarthi and Balaji, 2010). QDs also may be injected into the bloodstream
of animals, and they may detect cells that are malfunctioning by illuminating the
body with light and stimulating the QD to produce sufficient heat to kill the cancer
cell (Freitas, 2005).

24.2.2.4 Cancer detection, therapy, and imaging

The nanocomposites and nanomaterials have the advantages to enter into the cancer
cells and agglomerated to form large clusters inside tumor cells (Yigit et al., 2012).
This helps in drug delivery, imaging, and cancer therapy (Fig. 24.6).
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FIG. 24.6

Schematics of different nanotechnology-based tools used for cancer therapy and imaging.
Liposomes are made up of lipid structures that can be made stealthy by PEGylation and
encapsulating different therapeutic agents; these are used as a potential nanocarrier for

cancer therapy. Nanocantilevers are array-like structures in which engineered tiny bars

anchored at one end help in the detection of altered proteins present in certain types of
cancers. Quantum dots are fluorescent nanocrystals that can be conjugated to a ligand by
coating a polymeric layer onto it; therapeutic agents are encapsulated and used for cancer

therapy. New synthetic methods have been developed to design multifunctional

and the delivery of therapeutic agents.

nanoparticles, in which we can encapsulate both therapeutic and imaging agents in a single
nanocarrier system that will conjugate with more than one ligand on the surface. Thus, it will
act as a novel multifunctional nanocarrier system with the capacity of targeted tumor imaging

Copyright from reference Misra, R., Acharya, S., Sahoo, S.K., 2010. Cancer nanotechnology: application of
nanotechnology in cancer therapy. Drug Discov. Today 15 (19/20), 824-850, with permission from Elsevier.
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The most recent drug delivery in targeted tissues was achieved by nanocarrier
composites with biological molecules such as fluorescent nanostructured glucose-
and sucrose-derived nanoparticles, which help successfully deliver therapeutic
agents to lung carcinoma (Ajmal et al., 2015). Similarly, when injected, superpara-
magnetic nanoparticles made essentially from iron oxide target cancer cell receptors,
enhance the location of cancer cells, and deliver the attached drug to kill the cancer
cells. The encapsulation of QDs with SNPs and coating with PEGylated phospho-
lipids and a paramagnetic lipid coating have been applied in animal science (Van-
Schooneveld et al., 2008). Moreover, QDs also may be injected into the bloodstream
of animals. Platinum-containing nanoparticles (FePt) without any surface coating
may act as potential anticancer drugs (Gao et al., 2006; Yin et al., 2004). Magnetic
NPs encapsulated with silica could be used as carriers for anticancer drugs and fluo-
rescence molecules (Xu and Sun, 2013). In addition, the combination of
FePt@Fe,0; with yolk-shell nanoparticles has high cytotoxicity and strong MR con-
trast enhancement (Gao et al., 2007b; Peng and Sun, 2007). They added that it can
encapsulate anticancer drugs. The functionalization of yolk-shell MNPs can target a
specific tissue for delivering therapeutic agents and monitoring the transformation of
the tumor by MRI. The MNPs can combine with QDs to exhibit magnetic and fluo-
rescent properties (Gao et al., 2007a, 2008a; Gu et al., 2004) and sequentially grow
metallic nanocomponents (Gu et al., 2005b). They added that exotic nanostructures
such as yolk-shell nanoparticles are very stable because the biocompatible, compact
Fe;0, shells prevent the oxidative species from reaching the FePt (Gao et al., 2007b,
2008b). Ag NPs and FePt nanocomposites remediate tumors and radiation therapy in
cats (Woods et al., 2012). Liposomes have the potential to provide several valuable
tools in the diagnosis and therapy of tumors (Hofheinz et al., 2005; Johnston et al.,
2007; Sadozai and Saeidi, 2013). They also have the ability to functionalize and con-
jugate with biologically valuable materials for use in animals as anticancer drugs
(Alexis et al., 2010). It is interesting to report that the intravenous administration
of conjugated Au NPs with Gum Arabic (GA) to swine helped in the detection of
tumor tissues by Au NP constructs (Fent et al., 2009). Similarly, when conjugated,
radioactive Au NPs with GA were injected intralesionally in canine animals suffer-
ing from prostate cancer. A successful entrance of Au NPs with drugs to the prostate
tissues occurred, resulting in successful cancer therapy (Axiak-Bechtel et al., 2014).
Au NPs can be used for cancer detection and imaging in dogs and mice (Chanda
et al., 2014). The variations in the thickness of the nanoshells help with their use
in diagnostic assays and tumor detection (Avaritt et al., 1997).

CNTs without any additive were toxic to mice lungs (Lam et al., 2004; Shvedova
et al., 2005). The functionalization of CNTs was nontoxic to animals in conjunction
with other beneficial materials (Schipper et al., 2008; Wu et al., 2008). Hence, the
nonfunctionalized, long MWCNTSs may be carcinogenic to mice (Ding et al., 2005).
The drug is delivered for cancer therapy by liposomes characterized by the successful
reach of drugs to the site of cancer cells that overcome the resistance of cancer for
therapy (Malam et al., 2009). Zamboni et al. (2008) also detected the efficacy of doc-
etaxel encapsulated in the liposome bilayer for treatments of cancers in the mice
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prostate and pancreas as well as nonsmall-cell lung cancer. In a similar study,
Torchilin (2005) and Sadozai and Saeidi (2013) detected the ability of liposome
nanocomposites to treat canine cancers in the spleen. Meanwhile, Kleiter et al.
(2010) showed that liposome-encapsulated muramyl tripeptide showed antitumor
potential and prolonged disease-free survival in canines. Dendrimers are nanocom-
posites characterized by low cost, high potentiality in complexion or encapsulation
with other beneficial biomaterials, and active destruction of the target cell membrane
in cancer cells (Baker et al., 2001; Koda et al., 2008; Sekowski et al., 2008). In addi-
tion, these characteristics enable dendrimers to attach to drugs through a sphere on
their surface and enter from the site of administration to targeted tissues via the blood
vascular system, resulting in effective cancer therapy (Al-Jamal et al., 2009). The
polymers also adhered to albumin molecules, which potentiated their delivery and
could be used in cancer detection and therapy (Gradishar et al., 2005).

Recently, Meena et al. (2018) detected major benefits of CNTs for animal health
and production. They can be used as sensors, antimicrobial agents, anticancer agents,
and for drug delivery. Fernandez-Lopez et al. (2001) and Dilbaghi et al. (2013b)
illustrated that dendrimers can be used in the diagnosis and therapy of tumors in ani-
mals as well as the detection of their nature by their ability to penetrate tumor cells
and change the biochemical content of cytoplasm, leading to cell death.

Various studies have shown that mesoporous silica nanoparticles (MSNPs) have
potential applications (Hom et al., 2009; Slowing et al., 2008, 2010; Vivero-Escoto
etal.,2010c). MSNPs have a high surface area and volume, a stable mesostructure, a
tunable pore diameter (2-10nm), and a modifiable morphology (Vivero-Escoto
et al., 2010a, b). Recently, MSNPs were effectively used to protect conjugated mol-
ecules and agents (Juan et al., 2011). They can be functionalized with nanostructures
and employed for drug/gene delivery and sensing applications (Igor et al., 2007). The
MSNPs were readily internalized by eukaryotic cells without detectable toxic effects
(Radu et al., 2004). In addition, the surface functionalization of MSNPs was manip-
ulated by the uptake efficiency of HeLa cancer cells (Slowing et al., 2006). In the
meantime, the MSNPs were functionalized with folic acid to form folate receptors,
which facilitated drug aggregation in target cells and hence gave a promising result in
the regulation of human cancers in mice (Lu et al., 2010).

Today, there are different progressive advances in nanotechnology applications
in the diagnosis and therapy of cancer that successfully target cancer cells without
affecting normal, healthy cells (Fig. 24.7).

24.2.2.5 Bioimaging (X-ray, fluorescent, magnetic resonance

imaging (MRI))

Today, the right diagnosis of human and animal diseases depends on visions of the
activities of body cells and organs by imaging technology, which has progressively
advanced. The essential nanomaterial is the MNPs that are used for various biological
applications in veterinary medicine and produce useful tools for MRI imaging
(Michalet et al., 2005). The MNPs can penetrate cell membranes and image
the targeted tissues using magnetic resonance imaging (MRI) (Soenen et al., 2010)
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Different approaches of nanotechnology such as gene therapy, photodynamic therapy, radio
therapy, radiofrequency therapy, and cancer theragnostics are being applied for the
treatment of cancer. These advanced technologies help target cancer cells only, without
affecting normal cells. Ultimately, this leads to the death of the cancer cells while the normal

healthy cells survive.
Data from Misra, R., Acharya, S. and Sahoo, S.K., 2010. Cancer nanotechnology: application of nanotechnology
in cancer therapy. Drug Discov. Today 15 (19/20), 824—850, with permission from Elsevier.

and produce fluorescence through light signal activation (Ajmal et al., 2015;
Croissant et al., 2014). Cheon and Lee (2008) reported that the conjugation of MNPs
and dyes will lead to efficient MRI and optical imaging. Furthermore, Gu et al.
(2005a) and Neuberger et al. (2005) revealed that porphyrin-modified Fe;O4 nanopar-
ticles can act as a multifunctional nanomedicine that combines anticancer treatment
and noninvasive MRI imaging. Similarly, Gao et al. (2006) detected that the conju-
gation of fluorescent vancomycin with fluorescein-amine stains or FePt@ Van causes
the quick, sensitive, and low-cost detection of bacteria by using fluorescence micros-
copy; it also offers the ability to enhance contrast in MRI. Kolecka et al. (2017) incu-
bated canine stem cells with superparamagnetic iron oxide nanoparticles for 24 h.
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The nano-sized materials entered the cells by endocytosis and acted as contrasts for
the detection of the activity of canine stem cells. Long et al. (2015) also reported that
the ultrasmall superparamagnetic nanoparticles could be used for MRI imaging for
temporal lobe epilepsy and the detection of any abnormalities. In addition, the
Fe;04-Cd-Se heterodimer nanoparticles produced fluorescent MNPs that allow their
intracellular movements to be controlled using magnetic force and a fluorescent
microscope (Gao et al., 2008a). Another study detected the reduced coated graphene
oxide used in the treatment and diagnosis of diseases in humans and animals. It may
employ as an opt-acoustic transmitter for producing high-pressure and high-
frequency ultrasound (Lee et al., 2015).

It is interesting to report that the hypernanocomposites of dendrimers can be
used as alternative tools to the traditional dyes used as MRI contrasts as well as
in genes and drug delivery for therapy (Kim and Zimmerman, 1998; Margerum
et al., 1997; Samad et al., 2009). Nowadays, real-time sensitive imaging and
sensing applications have been adopted with the development of QDs, which are
crystalline materials with a facet and lattice structure that are analogous to bulk
semiconductor materials. Several useful biomedical applications of QDs in biology
have highlighted its potential in nanobiotechnology (Michalet et al., 2005).
They can be used as sensors and detecting tools for biomarkers, pathogens, and
immune-labeling of cells and tissues (Geszke-Moritz and Moritz, 2013;
Kaittanis et al., 2010). Most QDs used for analytical applications are synthesized
as core/shell structures (Geszke-Moritz and Moritz, 2013). They have greater
stability and resistance to photo-bleaching. They exhibit both fluorescence and
magnetism, such as Co@Cd-Se core-shell nanocomposites (Kim et al., 2005)
and FePt-Zn S nanosponges (Gu et al., 2005b). Similarly, the MNPs can combine
with QDs to exhibit magnetic and fluorescent properties for imaging target cells
and organs (Gao et al., 2007a, b, 2008a, b). The modification of the QD surface
gives rise to a variety of conjugation strategies with biomolecules such as vitamins,
proteins, peptides, and antibodies, and initiates their entrance to targets in animal
cells. Similarly, Masa (2016) illustrated that QDs produced a signal of fluorescence
(fluorophores) to detect different biological events and helped in enhancing sensi-
tivity in analyzing different biological processes. He added that different fluoro-
phores transfer energy from biological events into specific lights that can be
detected. The most effective target detection is achieved by coupling biomolecules
(such as enzymes, antibodies, small molecules, and oligonucleotides) into fluores-
cents (Kaittanis et al., 2010). Furthermore, the combination of nano-sized particles
and fluorescence has become a good alternative to detect biological events (Hotzer
et al., 2012; Ruedas-Rama et al., 2012). Giri et al. (2005) added that QD barcodes
were conjugated with single-stranded oligonucleotides that can hybridize to a tar-
get sequence and conjugate to a specific dye, resulting in a genetic biomarker that is
measured by its optical emissions by a fluorescence signal. Moreover, QDs have a
unique property such as highly bright and extremely photo-stable with longer
excited-state lifetimes than classical fluorescent dyes and chemical degradation
(Petryayeva et al., 2013).
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Fluorescent bioconjugated silica NPs were also used in the encapsulation of
fluorescent dye molecules, producing a highly amplified and reproducible signal
(Zhao et al., 2004). Moreover, the rapid detection of E. coli O157:H7 was performed
with a fluorescence microscope using SNPs encapsulated with dye (Tuitemwong
et al., 2013). This produced effective detection rather than using dyes alone (He
et al., 2009). The use of doped SNPs with fluorescent dyes, QDs, and metal NPs
did not cause any changes in encapsulated agents (Tallury et al., 2010). Hence, SNPs
have the advantage of robust materials while also being mechanically stable and
transparent, enabling the stabilization and protection of encapsulated fluorophores.
Moreover, Juan et al. (2011) quantified the biodistribution of SNPs doped in fluores-
cent dye and found that the main organs for accumulation were the liver and spleen,
then passing to the stomach via fecal excretion. Currently, MRI is a recent imaging
technology that is considered a noninvasive diagnostic tool with a high payload of
molecules and molecular contrast agents (Na and Hyeon, 2009; Villaraza et al.,
2010). In another study, MSNPs were used as an alternative to MRI contrast agents
and the produced signal loss in the liver was detected (Taylor et al., 2008). The liver,
kidney, and spleen are the main organs of carryover of nanomaterial after intrave-
nous administration (Souris et al., 2010). Furthermore, MSNPs may applicable in
biomedical imaging and develop new tools for clinical diagnosis and disease therapy
(Lai et al., 2003; Lu et al., 2010; Radu et al., 2004). Another study reported that the
biodistributions and detection of disease pathogenesis by biomarkers for therapeutic
treatments (Cheon and Lee, 2008).

24.2.2.6 Drugs and vaccine delivery

The advances in nanotechnology enable us to develop delivery systems and tools at
the nanoscale and to produce chemical and biological reactions related to targeted
sites and cells (Tomanek and Enbody, 2000). Magnetic nanocomposites are useful
for various biological applications in veterinary medicine and produce new tools
for drug delivery and cancer therapy (Michalet et al., 2005). It is suggested that
an efficient delivery system should have the capability to transport the desired guest
molecules without any loss before reaching the targeted location (Radin et al., 2001).
However, Rejman et al. (2004) showed that MSNPs can be efficiently employed as
carriers for intracellular drug delivery as well as cell tracers and cytoplasmic biosen-
sors. In addition, liposomes have been successfully used for targeted drugs, imaging
agents, vaccines, and gene delivery (Bakker-Woudenberg et al., 2005; Hiszczynska-
Sawicka et al., 2012). Mesosilica nanoparticles (MSNPs) can be encapsulated in
drugs to increase the delivery to target organs (Vallet-Regi et al., 2001) such as cad-
mium sulfide (Lai et al., 2003), gold (Liu et al., 2010; Torney et al., 2007), and iron
oxide (Giri et al., 2005; Vivero-Escoto et al., 2009). Dendrimers (Radu et al., 2004)
proteins (Zhao et al., 2009), and polymers have been developed (Liu et al., 2009;
Radu et al., 2004). Several studies have detected the availability of fluorescent SNPs
in gene therapy such as DNA probes and carriers (Lee et al., 2011b; Mintzer and
Simanek, 2009; Wang et al., 2008b; Zhao et al., 2014a, b). They can also help in
transferring genes in mice lungs using silica nanoparticles (Ravi et al., 2004).
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Micelle nanoparticles are characterized by a hydrophobic core stabilized by a
hydrophilic shell and used in transdermal therapeutics (Lee et al., 2011a). The
micelle nanoparticles are highly water soluble due to their hydrophilic shell; hence,
they have low toxicity and are used for the drug delivery of therapeutic agents (Koo
et al., 2005). Scott-Moncrieff et al. (1994) determined that insulin mixed with
micelles was efficiently absorbed in dogs, resulting in successful insulin delivery
and therapy. Vail et al. (2012) currently uses the water-soluble micelle paclitaxel
to efficiently treat tumors in dogs. The activity and safety of micelle paclitaxel
are superior to lomustine by a high ability to enter the targeted cancer cells. Several
studies illustrated that polymer compositions, structures, and properties potentiated
its use in a biomedical application such as drug delivery (Moreno-Vega et al., 2012;
Yang, 2000). The advantages of using polymer-drug conjugates include their ability
to overcome drug resistance and to elicit immune-stimulatory effects (Rihova et al.,
2003; Sirova et al., 2007). Moreover, some studies detected that skin administration
is the better route for the administration of polymer-based nanoparticles such as hydro-
gels containing dexamethasone for the treatment of psoriasis (Degim, 2006). Mean-
while, drug delivery can use polymers to coat MNPs and to encapsulate drugs to
form nanocapsules or micelles (Gupta and Gupta, 2005), which may require compli-
cated processes and result in modest efficiency. Klajnert and Bryszewska (2001) and
Stecko et al. (2008) formed a dendrimer-based nanocomposite with vaccine prepara-
tion, increased the efficacy of vaccine delivery, and potentiated its immunogenicity.
Furthermore, nanoemulsions of natural oils were successfully used in veterinary med-
icine as a drug delivery agent (Kang et al., 2004; Vandamme et al., 2011).

24.2.2.7 Animal production, reproduction, nutrition, and breeding

Today, there is progressive exploration and refinement in nanotechnology, which
plays a significant role in animal production and reproduction. Some nanoparticles
have been demonstrated to enhance fertility and protect spermatozoa through the
functional groups they carry. Recently, QDs have been used to improve the detection
of spermatozoon and oocyte movement and their interactions in a physiological set-
ting. They potentiated the production of greater signal intensity than the old tradi-
tional method used in imaging gametes (Druart et al., 2009; Feugang et al., 2012;
Long et al., 2005). Feugang et al. (2015) and Hasuwa et al. (2010) detected that
the consumption of composed bioluminescence resonance energy transfer-
conjugated quantum dot nanoparticles can be used in male pig gametes for the obser-
vation and imaging of fertilization events in deep gonadal tissues. The purification of
semen is essential for successful artificial insemination in animals. Recently, coated
MNPs with antibodies or lectins were used for the separation of damaged sperm from
undamaged healthy sperm, while the conjugated antibodies with MNPs directed
directed to ubiquitin characteristic material for defective sperm (Odhiambo et al.,
2014; Petruska et al., 2014). In addition, the application of nanotechnology in sperm
cryopreservation fixes the stability of sperm quality and prevents microbial pollution
during storage (Bryla and Trzcinska, 2015). Antibiotic treatment may reduce the
motility and activity of sperm; this problem will be solved by the use of nanoparticles
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that replace extender antibiotics (Hargreaves et al., 1998). Also, mesoporous silica
nanoparticles were loaded with DNA and transferred the sperm in vitro without
changes in its quality (Barkalina et al., 2014). Pawar and Kaul (2012) detected that
the incubation of buffalo sperm with low levels (10 pg/mL) of titanium led to suc-
cessful fertilization. The administration of nanofunctionalized a-tocopherol dose
for horses may increases the absorption and plasma concentration due to the oxida-
tive status of racehorses become under intense training (Rey et al., 2013). The sup-
plementation of Ag NPs singly or in combination with amino acids in chicken feed
can improve their immune status (Bhanja et al., 2015). Similarly, Rey et al. (2014)
demonstrated the potential of the administration of micellar nanoparticles conjugated
with vitamin E to pigs in improving the health status of the animals.

Several studies have used nanobiosensors for animal reproduction and measure-
ment of their fertility (Monerris et al., 2012; Sagadevan and Periasamy, 2014) and
detection of the viability of reproductive organ functions and fetus (Saragusty and
Arav, 2011). Furthermore, engineered nanoparticles with fluorescent probes visual-
ize the events during ovulation and pregnancy in reproductive tissues (Feugang et al.,
2015; Hasuwa et al., 2010). In addition, QDs have the ability to detect the mamma-
lian spermatozoon and oocyte movement, which significantly helps in animal pro-
duction (Hill and Li, 2017). Moreover, the small size of the biosensors and the
high surface-to-volume ratio enable them to act as signal reporters in biosensors
and reduce the time of target cells to be detectable by spectrophotometer, fluores-
cence microscope, and luminometer (Koedrith et al., 2015).

Mechanism of action of nanoparticles
and nanocomposites

Greenwood et al. (2008) suggested that the formation of reactive oxygen species
(ROS) and free radical production by nanomaterials causes the destruction of mito-
chondria, the denaturation of proteins, and the damage of DNA. Several studies have
detected that ROS production can be found in C60 fullerenes, SWNTs, and QDs
(Dilbaghi et al., 2013a). The mechanism of action of nanoparticles is briefly illus-
trated in Fig. 24.8.

The nanomaterial potentials such as anticancer, antimicrobial, and other activi-
ties against target cells resulted in the penetration and disruption of the cell mem-
brane and cell death. Particularly, when the microbial cells that were treated by
metal nanoparticles were examined by a scanning electron microscope, cell mem-
brane damage and adhered nanoparticles to the respiratory sequence of cytoplasm
were observed, followed by the death of target cells (Gajbhiye et al., 2009;
Hassan et al., 2013b, 2014, 2015a, b; Nabawy, 2015). Another suggestion is the inter-
action between the constituents of target cells with the oxygen atom and metal ions of
metal nanoparticles, which can cause damaged cell components and death (Brayner
et al., 2006; Matei et al., 2010; Moraru et al., 2003; Violeta et al., 2011).



Nanoparticles

Release of ions

ROS (reactive

oxygen species)
Cell wall and

membrane
(damage-interaction-
disruption
and internalize cell)

e Qe (@A @ - « O E==D).Q EZXD)
| o © ©
¢ denaturation
SHS - - Final leakage of >
C Lipid-peroxidation .. ‘0

Cell death

The mechanism of action of nanoparticles and nanocomposites.

FIG. 24.8




24.4 Toxicity risk of nanoparticles 611

Toxicity risk of nanoparticles

In spite of the progressive and valuable tools of biosensor applications in animal sci-
ence, their toxicity risk to animals and the environment is the essential reason for
limiting their use in human and animal science (Donaldson et al., 2004;
Oberdorster and Kuhlbusch, 2018). In addition to nanotechnology applications in
several aspects of biomedicine, there are potential toxicity hazards to the environ-
ment and users as well (Baltic et al., 2013). Oxidative stress and inflammation are
caused by affected tissue fibers or secondary mutations (Aschberger et al., 2011).
In general, nanomaterial toxicity varies according to nano-sized particles, the health
states of the humans and animals, the administered doses, and the time of exposure
(Aschberger et al., 2011; Maynard, 2006; Rim et al., 2013). Also, the efficient eval-
uation of nanoparticle toxicity risk must include their particle size and shape, crys-
talline form, functionalization, and purity (Aschberger et al., 2011).

Some nanoparticles are toxic to sperm; this is adversely reflected as it decreases
its viability in vitro due to overdoses and long exposure to zinc oxide and titanium
oxide nanoparticles (Pawar and Kaul, 2012). The incubation of the sperm with the
concentrations of 100-500 pg/mL of Zn NPs resulted in the death of sperm within a
few minutes (Barkhordari et al., 2013). Pawar and Kaul (2012) detected that the incu-
bation of buffalo sperm with 100 pg/mL of titanium oxide nanoparticles reduced its
viability. Several studies have reported that metal nanoparticles may induce toxicity
by their ability to easily access the skin, lungs, and brain, causing adverse effects in
biological functions. The toxicity of Zn NP nanoparticles to animals and the envi-
ronment must be briefly studied before they are used as a feed additive. Therefore,
the measurement of effective nontoxic doses of metal nanoparticles in laboratory
animal models must be undertaken to study the suitability of their field application
(Abd El-Fatah et al., 2017; Asharani et al., 2008; Hassan et al., 2017; Shaw et al.,
2008). Until now, there has been a lack of toxicological effects of nanoparticles
on health (Savolainen et al., 2010). So, the toxicological aspects of nanomaterials
require further continuous studies to be completely understood (Fig. 24.9).

Regarding the route of exposure to nanomaterials, ingestion is the main exposure
route for humans and animals (Aschberger et al., 2011). Upon ingestion, the nano-
materials enter the gastrointestinal tract to the intestines and are eliminated rapidly
through the liver and spleen (Oberdorster et al., 2004). The ingestion mainly results
from the presence of nanoparticles in food due to direct contact of nanopackaging to
food (Baltic et al., 2013; Bouwmeester et al., 2009). The nanoparticles are distributed
in the liver and spleen in circulation (Baltic et al., 2013; Silvestre et al., 2011). Inha-
lation and the skin are other routes of nanoparticle toxicity, which are detected
mainly in the laboratory and in industry workers in nanomaterial production factories
(Aschberger et al., 2011).

Another study described that inhalation and skin exposure to magnesium oxide
nanoparticles allows them to enter the nerve cells and central nervous system (Elder
et al., 2009). Nurkiewicz et al. (2008) demonstrated that the inhalation of nano-sized
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titanium dioxide reached systemic circulation in rats. Tinkle et al. (2003) and Tsuji
et al. (2006) detected the ability of nanomaterials to enter healthy human skin during
constant flexing, causing many controversial effects (Monteiro-Riviere et al., 2007).

In other studies, the Zn NPs detected the availability of penetrated skin tissue
(Baltic et al., 2013; Sharma et al., 2009) and have carcinogenic effects such as
asbestos-caused fibrosis in the lungs (Muller et al., 2008). The inhalation of high
doses of nano-TiO, also has the potential for lung carcinogenesis (Aschberger
et al., 2011). Furthermore, the entrance of nanoparticles via the bloodstream may
affect blood vessel function and cause blood clot formation and other adverse effects
on the cardiovascular system, as in the case of inhalation of ambient ultrafine par-
ticles (Pekkanen et al., 2002). Similar microvascular dysfunction was observed in
rats after inhalation exposure to low concentrations of nano-sized titanium dioxide
(Nurkiewicz et al., 2008) and platelet aggregation and vascular thrombosis after
inhalation exposure to SWCNTs and MWCNTs (Radomski et al., 2005). Some stud-
ies reported that nanomaterials can penetrate the blood and are distributed in body
organ cell tissues, and sometimes transmitted to the fetus via the blood supply (Baltic
et al., 2013; Silvestre et al., 2011).

In the near future, more progressive advancement in nanobiomedical science and
availability to improve animal health is needed. They will have the potential to solve
many problems related to animal disease diagnosis, animal production, reproduction,
and good hygienic practices during rearing and maintaining of food animals. The
possible applications of the technology are almost incredible in relation to livestock.
Although much research is needed before nanotechnology applications are used in
veterinary and animal sciences, in particular the toxicity risk.
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Conclusions and future perspectives

Until now, nanotechnology has offered significant advances in the development of
novel technology in human and veterinary medicine as a synthesis of new materials
and tools that help increase animal health and production. Several applications of
nanomaterials are used to produce strategies for disease diagnosis, drug delivery, ani-
mal nutrition, breeding and reproduction, additives to animal products, and finally
food safety for human and animal health. In addition, they are used for tumor detec-
tion, production of tumor vaccines, tissue engineering, MRI images, sensor develop-
ment, and the detection of pathogens, proteins, and biological molecules. These
applications resulted in the development of novel nanodrugs such as metal nanopar-
ticles (particularly, Zn NPs, Ag NPs, Au NPs, and MNPs), liposomes, polymeric
nanoparticles, dendrimers, CS NPs, QDs, etc. The use of metallic nanoparticles in
nanomedicine has the ability to improve imaging and therapeutic drug delivery
for the treatment of cancer in humans and veterinary medicine. The nanomaterials
and nanocomposites bind with biological fluids to help control drug release and
hence are used in the synthesis of biological markers, imaging, drug delivery sys-
tems, and disease detection.

In addition, the potential of nanoparticles in disease treatment and diagnosis, anti-
microbial, anticancer and other activities of metals nanoparticles against target cells
resulted from disruption of cell membrane, damage, rupture of cell wall and leakage
in inter cellular components and finally cell death. The toxicity of nanomaterials is
mainly due to oxidative stress. The exact mechanism of the formation and generation
of ROS requires more study to be completely understood. Oxidative stress resulting
from the use of nanomaterials can cause inflammation, fibrosis, genotoxicity, and
cancers.

In the future, there will be progressive advances in nanobiomedical science
and use in improving animal health. It will have the potential to solve many
problems related to animal health, animal production, reproduction, and good
hygienic practices during rearing and maintaining of food animals. The possible
applications of the technology are almost incredible in relation to livestock.
However, special attention is required for the known toxicological aspects of
nanomaterials prior to application in veterinary and animal sciences. Because
there is no brief knowledge about toxicology studies available, hence much research
is urgently needed before nanotechnology applications can be used, in particular
their toxicity risk.
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