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Abstract

Nanotechnology is an emerging area of research interest in the present era. A number of
nanomedicines has been by approved by United States Food and Drug Administration
(FDA or USFDA) for clinical use in humans. Nanomedicine also has potential applications
in veterinary medicine which can act as an adjunct to the conventional treatment available.
Nano drug delivery system offers benefits such as low particle size, decreased drug dosage,
increased solubility and bioavailability, reduced side effects and degradation of drug. There
are number of nanocarriers developed overtime such as liposomes, nano emulsions,
micelles, lipid nanoparticles, polymeric nanoparticles, metallic nanoparticles, dendrimers
and others. The nanocarriers have proved to be beneficial in administration of drugs which
are highly hydrophobic or have large particle size in a sustained release manner which
thereby decreases the risks of toxicity and increases the therapeutic potential of the drug.
In conclusion, the use of nanomaterials in veterinary medicine can produce beneficial
effects and thus improve animal health and production
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Introduction

Pet and food-producing animal populations have been gradually increasing around the world.
In the present times, the field of nanotechnology has become an emerging scientific area of importance.
Nanotechnology plays an important role in the development of new materials and tools that aid in the
enhancement of animal health and output. In veterinary medicine, the production of effective and safe
products is highly required which upon administration to the animal produces minimum pain and
adverse effect which is a priority of pet owners. In the case of livestock products, ensuring the residual
number of drugs is at a safe minimum level is of great importance to the veterinary pharmaceutical
industries (Hill and Li, 2017). However, the drugs used for veterinary patients are similarly designed
as in human medicine, regardless of the difference in the biochemical, anatomical and physiological
systems between the species. For the sake of animal health and welfare, it is highly required to develop
novel pharmaceutical products having the potential to enhance animal health and livestock production.
Therefore, along with the conventional treatment, a new strategy has to be developed to design new
products veterinary, justifying the interest nanotechnology as effective therapeutics in veterinary
medicine.

The applications of nanotechnology include improved disease diagnosis and treatment,
enhanced drug delivery and sustained release of the active component, increases the solubility of
hydrophobic agents, reduces drug dosage and degradation of the active constituents. In order to
highlight the importance of nanotechnology in veterinary medicine, the present article covers the aspect
of nanomedicines, different types of nanomaterials of pharmaceutical importance and their application
in various ailments.

Nanomedicine

The medicinal products which are synthesized or produced by using nanocarriers or
nanomaterials are termed as nanomedicine (Tinkle et al., 2014) and the nanoparticles used to synthesize
nanomedicine are called as nanocarriers. Nanoparticles have hydrodynamic diameter less than 1000
nanometers (nm) and their diameter have greater impact on their physical and chemical interactions
with the biomolecules (Kreuter, 2007). In case of conventional therapy, due to the low bioavailability
or rapid metabolism of drug, a high dose is required to produce the desired pharmacological effect
which increases the risk of side effects or toxicity. Nano-compartmentalization provides benefit over
conventional therapy as the time-release profile and other pharmacokinetic parameters of the
therapeutic agent can be modulated without any change in the pharmacological properties of the drug
(Suri et al., 2007). Nanomedicine includes the development of nanoparticles capable of targeted
delivery of active biomolecules, synthetic drugs, nutrients, immunotherapeutic agents and natural

bioactive compounds (Lombardo et al., 2019). The nanocarriers have two types of system i.e. reservoir
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or matrix system. In the case of the reservoir system, the nanoparticles have an aqueous or oily core in
which the therapeutic agent is trapped (Fig. 1A), while in the matrix system, the therapeutic agent is
dispersed throughout the nanocarrier’s matrix (Fig. 1B). For targeted drug delivery, the
functionalization of the nanoparticle surface is carried out in which the therapeutic agent is attached to
the surface of the nanoparticle (Fig. 1C) (Rani and Paliwal, 2014). Nanomedicine is targeted to the
specific target in two ways: active and passive (Fig. 2). In passive nano-delivery, there is accumulation
of drug at the specific site while in the active process the surface of the nanoparticle is tagged with a
specific marker or therapeutic agent itself which specifically interact with the receptor at the target site
(Aiacoboae et al., 2017). Another system of nanomedicine is the stimulus responsive nanoparticles
which release the active drug in presence of a stimuli such as pH, temperature, light, electric or
magnetic field, and electrolytes (Sharma et al., 2015). The present article addresses the nanocarriers
which can/are used to synthesize nanomedicines of veterinary importance.
Nanocarriers

Number of nanocarriers are used for the delivery of drugs, as of veterinary importance, the
nanocarriers which are used and addressed in the present article include liposomes, micelles, lipid
nanoparticles, nanoemulsions, polymeric nanoparticles, dendrimers and metallic nanoparticles. With
the help of these nanocarriers, reformulation of the traditional dosage forms can be done. Many
therapeutic agents have great pharmacological potential, but due to their large particle size and toxic
effect, the dosage of that particular drug is reduced, leading to a decrease in its therapeutic effect. On
the other hand, some drugs are highly hydrophobic in nature and insoluble in aqueous solution and
require toxic solvents for its administration. Nanocarriers have proved to be beneficial in the
administration of such drugs. One such example is the Abraxane®, approved by the FDA in 2005. The
anti-tumor drug paclitaxel is capable of inducing an anaphylactic reaction in susceptible patients, while
the nanoparticle albumin-bound paclitaxel formulation has proved to be more tolerable than the
conventional paclitaxel therapy (Caster et al., 2017). The principal objective of using nanocarriers in
Veterinary medicine is that it enables the delivery of therapeutic agents with dose reduction, decreased

risk of adverse reactions or toxicity and discomfort in chronic therapy.

Potential application of different nanocarriers in Veterinary medicine

Liposomes
Liposomes have a double lipid layer consisting of phospholipids and have a varying hydrodynamic
diameter ranging from 25nm to 1000nm. Liposomes are useful in the delivery of both hydrophilic and
lipophilic compounds; its surface charge and size can be modulated easily along with its

functionalization capacity.
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This nanoparticulate system is widely described and used in the veterinary application. B and T cell

epitope peptides were entrapped in the liposome having hydrodynamic diameter of 127-141nm and

zeta potential of -25.1 to -31.8 millivolts (mV) were used as vaccine against the influenza virus (HLIN1)

in pigs (Dhakal et al., 2018). The liposomes improved haemagglutination, IgA response and protected

from adverse effects caused by influenza A virus HLN1, such as fever and lesions. There are reports

where liposomes were used as a nanoparticulate system for the treatment and prevention of tumors.

Protein or
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Fig 1. Nanoparticulate system: A Reservoir system, B. Matrix system C.
Functionalization of the nanoparticle surface [Pictorial representation is desizned
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Fig 2. Nano-delivery system: Passive process (left), Active process (Right) [Pictorial representation is
designed manually by using an online tool (Biorender)]

Curcumin was encapsulated in liposome and its effect was studied against naturally induced canine

cancer. The liposomes exhibited good anti-tumor effect in in vitro as well as in in vivo studies (Withers

et al., 2018).
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Nanoemulsion

Nanoemulsion is a nanoparticulate system which consist of at least oil, water and an emulsifier
and have the hydrodynamic diameter ranging from 50nm to 1000nm (Salvia-Trujillo et al., 2017). It
consist of colloidal dispersion of droplets which are kinetically stable but thermodynamically unstable
(Gupta et al., 2019). Nanoemulsion for canine cancer chemotherapy was synthesized (Lucas et al.,
2015). Carmustine containing lipid nanoemulsion was used for canine lymphoma therapy using
ultrasonication for reducing the size of the nanoparticles. Another study reported use of photodynamic
therapy along with the aluminium-chloride-phthalo-cyanine nanoemulsion for the treatment of
cutaneous hemangiosarcoma in dogs which lead to complete disappearance of tumor (Rocha et al.,
2019). A study reported anesthetizing tilapia fish by using clove oil nanoemulsion having
hydrodynamic diameter of 64 = 1.0nm and it was observed that nanoemulsion enhanced the efficacy
of clove oil as compared to eugenol ethanolic solution with respect to anesthesia of tilapia (Kheawfu
etal., 2017).

Solid lipid nanoparticles (SLN)

Solid lipid nanoparticles have hydrodynamic diameter ranging from 50nm to 1000nm and are
used as an alternative system to liposomes (Muller et al., 2011). SLN consist of solid lipids and
surfactants are used as stabilizer. In contrast to nanoemulsion, the SLN have solid lipid replacing the
liquid lipid used in nanoemulsion. This improves the stability and release profile of the SLN under
severe environmental condition (Gordillo-galeano and Mora-huertas, 2018). For the treatment of
leishmaniasis, oryzalin has proved to be a promising drug, but due to its less bioavailability and
toxicity, it is not well tolerated in animals. To overcome this, a study reported development of SLN
encapsulating oryzalin which consisted of mixture of soy lecithin, tween® 20 and sodium deoxycholate
as surfactant and tripalmitin as solid lipid and the synthesized SLN had hydrodynamic diameter of less
than 140 nm and zeta potential of -35mV with encapsulation efficiency of more than 75%. The
cytotoxic effect of this SLN was analysed revealing that the nanoparticulate system allowed increased
tolerability of the drug (Lopes et al., 2012).

An important Veterinary application of SLN is the delivery of antibiotic for the treatment of
mastitis. Tilmicosin was encapsulated in SLN containing hydrogenated castor oil, which enhanced
activity of tilmicosin with reduction in side effects related to tilmicosin (Wang, 2014; Ling, 2016). The
SLN has proved to be cost effective as the tilmicosin encapsulated SLN were incorporated into a
sodium alginate chitosan nanogel used for the treatment of the cow mastitis, such formulation required

low concentration of the drug and had long post antibiotic effect (Zhou et al., 2019).

Nanostructured lipid carriers (NLC)
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Nanostructured lipid carriers are similar to the SLN consisting of a structural solid lipid and
stabilized by a surfactant which is amphiphilic in nature (Garcés et al., 2018). However, there is a
minor difference between NLC and SLN, as NLC contains solid lipid which contains a small fraction
liquid lipid which enhances more accommodation and encapsulation of the drug by the NLC and
prevents the untimely release of the drug (Garcés et al., 2018). Nanotoxicological studies have shown
that both SLN and NLC are biodegradable and have greater biocompatibility (Doktorovova et al.,
2014). Buparvaquone was encapsulated in the NLC. The NLC were developed using Softisan® 154
and Miglyol® 812 as lipids and surfactants used were Kolliphor P188 as well as tween 80. High-
pressure homogenization method was used for the synthesis of NLC, forming nanoparticles having
hydrodynamic diameter around 350nm and encapsulation efficiency close to 100%. Another study
involved synthesis of functionalised NLC, where the surface of NLC was modified with chitosan and
dextran to co-deliver buparvaquone and polymixin B against L. infantum. The functionalisation and
co-delivery enhance leishmanicidal activity in in vitro test up to 3-fold compared to free buparvaquone
(Monteiro et al., 2019).

Micelles

Micelles are particulate system which consist of the polymers which are amphiphilic in nature.
Micelles having anti-leishmanial activity were developed in which amphotericin B was encapsulated
in the pluronic F127 micelles coated with chitosan. The hydrodynamic diameter of the synthesized
micelle was 102.23 + 11.14nm with encapsulation efficiency around 60%. The micelles were 21.97
times more internalized by macrophage as compared to the free drug in flow cytometric studies (Singh
et al., 2017). Pluronic F127 encapsulated bilirubin nanoparticles were synthesized to enhance the
wound healing activity in Wistar rats (Kamothi et al., 2022). The synthesized bilirubin nanoparticles
had hydrodynamic diameter ranging from 100-150 nm and showed greater wound healing activity than
the free drug by stimulating the expression of VEGF, TGF- and IL-10 levels.
Polymeric nanoparticles

Polymeric nanoparticles can be prepared using number of polymers which are either natural,
semi-synthetic or synthetic in nature (Sur et al., 2019), having hydrodynamic diameter ranging from 1
to 100nm and the polymeric nanoparticles are further divided into two types i.e. Nanocapsules and
nanospheres (Ferreira et al., 2018). Natural polymers consist of chitosan, alginate, hyaluronic acid,
dextran, carboxymethyl cellulose and pectin (Ferreira et al., 2018) and are biodegradable,
biocompatible and non-toxic in nature (Jin et al., 2019). A study reported the synthesis of platin-M
encapsulated polymeric nanoparticles for the treatment of canine brain tumors (Feldhaeusser et al.,
2015). The nanoparticles exhibited a good anti-cancerous effect by disrupting mitochondrial energy

production in glioblastoma and canine glioma cell lines.
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To treat and prevent the diseases related to poultry breeding, sodium alginate-polyvinyl alcohol
was used to encapsulate amoxicillin having hydrodynamic diameter of 513nm and surface charge of -
45mV encapsulating around 43% of the drug. The amoxicillin encapsulated sodium alginate-polyvinyl
alcohol nanoparticles exhibited increased bioavailability and plasma half-life as compared to the free
drug, thus increasing the mean residence time in the intestinal and circulatory system (Glinciim et al.,
2018).

Another study reported a cream prepared by synthesis of nano composite consisting of
chlorhexidine, calcium phosphate nanoparticles mixed with polyethylene glycol polymer for wound
healing (Viswanathan et al., 2016).

Metallic nanoparticle

Metallic nanoparticles are mainly used in biosensing, bioimaging, drug delivery, gene delivery
and cellular labelling (McNamara and Tofail, 2017). Metal nanoparticles mainly include silver, iron
oxide, gold, zinc and copper nanoparticles. These are mainly used as antimicrobial and antiviral agents
in veterinary. In a study, silver nanoparticles were synthesized to evaluate its antimicrobial effect
against drug-resistant strains of Pseudomonas aeruginosa and Staphylococcus aureus isolated from
mastitis-infected goats (Yuan et al., 2017). The synthesized nanoparticles had hydrodynamic diameter
of 10-50nm and surface charge of 37.7mV and exhibited anti-bacterial effect by generating ROS
against bacterial cells.
Dendrimers

Dendrimers are branched structure consisting of number of functional groups allowing the
delivery of hydrophilic or hydrophobic therapeutic agents, internalized or attached to the surface.
Dendrimer based classical swine fever vaccine was developed and it was observed that the vaccine
elicited better immune response against the virus due to the inclusion of dendrimer (Tarradas et al.,
2012).

In a study, generation six dendrimer cyanine 5 conjugates were prepared targeting hypothermic
circulatory arrest (HCA) induced brain injury in a canine model (Grimm et al., 2016). It was found that
the administration of dendrimer cyanine 5 conjugates systemically leads to penetration of blood brain

barrier by the conjugates and its accumulation in areas of the brain most affected with HCA.
Conclusion

In the present era, there is a need for the development of novel pharmaceutical products for
Veterinary medicine. The field of nanotechnology holds great potential for the synthesis of novel

formulations which can enhance animal health and productivity. Nanomedicine can be used along with
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the conventional treatments available in order to enhance the efficacy of the therapy and decrease the
time required for recovery of the animals, thus improving animal health and livestock production.
References

Abd El-Tawab, M. M., Youssef, I. M., Bakr, H. A., Fthenakis, G. C. and Giadinis, N. D. 2016. Role of
probiotics in nutrition and health of small ruminants. Pol. J. Vet. Sci. 19(4): 893-906.

Aiacoboae, A., Gheorghe, T., Lungu, I. I., Curutiu, C., Chifiriuc, M. C., Grumezescu, A. M. and
Holban, A. M. 2017. Applications of nanoscale drugs carriers in the treatment of chronic
diseases. In Nanostructures for Novel Therapy (pp. 37-55). Elsevier.

Aiacoboae, A., Gheorghe, T., Lungu, L.I., Curutiu, C., Chifiriuc, M.C., Grumezescu, A.M., Holban,
A.M., 2017. Applications of nanoscale drugs carriers in the treatment of chronic diseases.
Nanostructures for Novel Therapy: Synthesis, Characterization and Applications. Elsevier
Inc.

Caster, J.M., Patel, A.N., Zhang, T. and Wang, A. 2017. Investigational nanomedicines in 2016: a
review of nanotherapeutics currently undergoing clinical trials. Wiley Interdiscip. Rev.
Nanomed. Nanobiotechnol. 9(1): 1416.

Dhakal, S., Cheng, X., Salcido, J., Renu, S., Bondra, K., Lakshmanappa, Y.S., Misch, C., Ghimire, S.,
Feliciano-Ruiz, N., Hogshead, B., Krakowka, S., Carson, K., McDonough, J., Lee, C.W. and
Renukaradhya, G.J. 2018. Liposomal nanoparticle-based conserved peptide influenza
vaccine and monosodium urate crystal adjuvant elicit protective immune response in pigs.
Int. J. Nanomed. 13: 6699-6715

Doktorovova, S., Souto, E.B. and Silva, A.M. 2014. Nanotoxicology applied to solid lipid
nanoparticles and nanostructured lipid carriers - A systematic review of in vitro data. Eur. J.
Pharm. Biopharm. 87: 1-18.

Feldhaeusser, B., Platt, S.R., Marrache, S., Kolishetti, N., Pathak, R.K., Montgomery, D.J., Reno, L.R.,
Howerth, E. and Dhar, S. 2015. Evaluation of nanoparticle delivered cisplatin in beagles.
Nanoscale. 7: 13822—-13830.

Ferreira, L. M., Kiill, C. P., Pedreiro, L. N., Santos, A. M. and Gremido, M. P. D. 2018. Supramolecular
design of hydrophobic and hydrophilic polymeric nanoparticles. In Design and Development
of New Nanocarriers (pp. 181-221). William Andrew Publishing.

Garcés, A., Amaral, M.H., Lobo, J.M.S. and Silva, A.C. 2018. Formulations based on solid lipid
nanoparticles (SLN) and nanostructured lipid carriers (NLC) for cutaneous use : A review.
Eur. J. Pharm. Sci. 112: 159-167.

Gordillo-galeano, A. and Mora-huertas, C.E. 2018. Solid lipid nanoparticles and nanostructured lipid
carriers : A review emphasizing on particle structure and drug release. Eur. J. Pharm.
Biopharm. 133: 285-308.

Grimm, J.C., Magruder, J.T., Wilson, M.A., Blue, M.E., Crawford, T.C., Troncoso, J.C., Zhang, F.,
Kannan, S., Sciortino, C.M., Johnston, M.V., Kannan, R.M. and Baumgartner, W.A. 2016.
Nanotechnology approaches to targeting inflammation and excitotoxicity in a canine model
of hypothermic circulatory arrest-induced brain injury. Ann. Thorac. Surg. 102: 743-750.

Giinciim, E., Isiklan, N., Anlas, C., Unal, N., Bulut, E. and Bakirel, T. 2018. Development and
characterization of polymeric-based nanoparticles for sustained release of amoxicillin—an
antimicrobial drug. Artif. Cells. Nanomed. Biotechnol. 46: 964-973.

Gupta, P.K., Bhandari, N., Shah, H.N., Khanchandani, V., Keerthana, R., Nagarajan, V. and Hiremath,
L. 2019. Na Update on Nanoemulsions Using Nanosized Liquid in Liquid Colloidal
Systems. IntechOpen. 2019: 1-20.

H Muller, R., Shegokar, R. and M Keck, C. 2011. 20 years of lipid nanoparticles (SLN & NLC): present
state of development & industrial applications. Curr. Drug Discov. Technol. 8(3): 207-227.

Hill, E. K. and Li, J. 2017. Current and future prospects for nanotechnology in animal production. J.
Anim. Sci. Biotechnol. 8: 26.

%) 1519



b

%) 1520

The ionce O orld & Monthly ¢ Hiagazive, August, 2022; 2(8), 1512-1520 Kamothi et al

Jin, Z., Gao, S., Cui, X,, Sun, D. and Zhao, K. 2019. Adjuvants and delivery systems based on
polymeric nanoparticles for mucosal vaccines. Int. J. Pharm. 572: 118731.

Kamothi, D. J., Kant, V., Jangir, B. L., Joshi, V. G., Ahuja, M. and Kumar, V. 2022. Novel preparation
of bilirubin-encapsulated pluronic F-127 nanoparticles as a potential biomaterial for wound
healing. Eur. J. Pharmacol. 919: 174809.

Kheawfu, K., Pikulkaew, S., Rades, T., Mullertz, A. and Okonogi, S. 2018. Development and
characterization of clove oil nanoemulsions and self-microemulsifying drug delivery
systems. J. Drug Deliv. Sci. Technol. 46: 330-338.

Kreuter, J. 2007. Nanoparticles-a historical perspective. Int. J. Pharm. 331: 1-10.

Li, X.D., Gao, J.Y., Yang, Y., 2013. Nanomaterials in the application of tumor vaccines: advantages
and disadvantages. OncoTargets Ther. 6, 629-634.

Lombardo, D., Kiselev, M.A. and Caccamo, M.T. 2019. Smart nanoparticles for drug delivery
application: development of versatile nanocarrier platforms in biotechnology and
nanomedicine. J. Nanomater. 2019: 1-26.

Lopes, R., Eleutério, C.V., Gongalves, L.M.D., Cruz, M.E.M. and Almeida, A.J. 2012. Lipid
nanoparticles containing oryzalin for the treatment of leishmaniasis. Eur. J. Pharm. Sci. 45:
442-450.

Lucas, S.R.R., Maranhdo, R.C., Guerra, J.L., Coelho, B.M.P., Barboza, R. and Pozzi, D.H.B. 2015.
Pilot clinical study of carmustine associated with a lipid nanoemulsion in combination with
vincristine and prednisone for the treatment of canine lymphoma. Vet. Comp. Oncol. 13:
184-193.

McNamara, K. and Tofail, S.A.M. 2016. Nanoparticles in biomedical applications. J. Adv. Phys.: X.
2: 54-88

Monteiro, L.M., Lébenberg, R., Fotaki, N., de Araujo, G.L.B., Cotrim, P.C. and Bou-Chacra, N. 2019.
Co-delivery of buparvaquone and polymyxin B in a nanostructured lipid carrier for
leishmaniasis treatment. J. Glob. Antimicrob. Resist. 18: 279-283

Rani, K. and Paliwal, S. 2014. A review on targeted drug delivery: its entire focus on advanced
therapeutics and diagnostics. Sch. J. Appl. Med. Sci. 2: 328-331

Rocha, M.S.T., Lucci, C.M., dos Santos, J.A.M., Longo, J.P.F., Muehlmann, L.A. and Azevedo, R.B.
2019. Photodynamic therapy for cutaneous hemangiosarcoma in dogs. Photodiag. Photodyn.
Ther. 27: 39-43.

Saini, R., Saini, S., Sharma, S., 2010. Nanotechnology: the future medicine. J. Cutan. Aesthet. Surg. 3,
32-33.

Salvia-Trujillo, L., Soliva-Fortuny, R., Rojas-Grat, M.A., McClements, D.J. and MartinBelloso, O.
2017. Edible nanoemulsions as carriers of active ingredients: a review. Annu. Rev. Food Sci.
Technol. 8: 439-466.

Sharma, H., Mishra, P.K., Talegaonkar, S. and Vaidya, B. 2015. Metal nanoparticles: A theranostic
nanotool against cancer. Drug Discov. Today. 20: 1143-1151.

Singh, P.K., Pawar, V.K., Jaiswal, A.K., Singh, Y., Srikanth, C.H., Chaurasia, M., Bora, H.K., Raval,
K., Meher, J.G., Gayen, J.R., Dube, A. and Chourasia, M.K. 2017. Chitosan coated
PluronicF127 micelles for effective delivery of Amphotericin B in experimental visceral
leishmaniasis. Int. J. Biol. Macromol. 105: 1220-1231.

Sur, S., Rathore, A., Dave, V., Reddy, K. R., Chouhan, R. S. and Sadhu, V. 2019. Recent developments
in functionalized polymer nanoparticles for efficient drug delivery system. Nano-Struct.
Nano-Objects. 20: 100397.

Suri, S.S., Fenniri, H. and Singh, B. 2007. Nanotechnology-based drug delivery systems. J. Occup.
Med. Toxicol. 2: 1-6.

Tarradas, J., Monso, M., Fraile, L., de la Torre, B.G., Mufioz, M., Rosell, R., Riquelme, C., Pérez, L.J.,

Nofrarias, M., Domingo, M., Sobrino, F., Andreu, D. and Ganges, L. 2012. A T-cell epitope

on NS3 non-structural protein enhances the B and T cell responses elicited by dendrimeric

constructions against CSFV in domestic pigs. Vet. Immunol. Immunopathol. 150: 36—46.



The ionce O orld & Monthly ¢ Hiagazive, August, 2022; 2(8), 1512-1520 Kamothi et al

Tinkle, S., McNeil, S. E., Mihlebach, S., Bawa, R., Borchard, G., Barenholz, Y. Tamarkin, L. and
Desai, N. 2014. Nanomedicines: addressing the scientific and regulatory gap. Ann. N. Y.
Acad. Sci., 1313(1): 35-56.

Viswanathan, K., Monisha, P., Srinivasan, M., Swathi, D., Raman, M. and Dhinakar Raj, G. 2016.
Chlorhexidine-calcium phosphate nanoparticles - Polymer mixer based wound healing
cream and their applications. Mater. Sci. Eng. C. 67: 516-521.

Withers, S.S., York, D., Johnson, E., Al-Nadaf, S., Skorupski, K.A., Rodriguez, C.O., Burton, J.H.,
Guerrero, T., Sein, K., Wittenburg, L. and Rebhun, R.B. 2018. In vitro and in vivo activity
of liposome-encapsulated curcumin for naturally occurring canine cancers. Vet. Comp.
Oncol. 16: 571-579.

Yuan, Y.G., Peng, Q.L. and Gurunathan, S. 2017. Effects of silver nanoparticles on multiple drug-
resistant strains of Staphylococcus aureus and Pseudomonas aeruginosa from mastitis-
infected goats: An alternative approach for antimicrobial therapy. Int. J. Mol. Sci. 18.

Zhou, K., Wang, X., Chen, D., Yuan, Y., Wang, S., Li, C., Yan, Y., Liu, Q., Shao, L., Huang, L., Yuan,
Z. and Xie, S. 2019. Enhanced treatment effects of tilmicosin against staphylococcus aureus
cow mastitis by self-assembly sodium alginate-chitosan nanogel. Pharmaceutics. 11(10):
524.

%) 1521



