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Introduction
Parasitic infectious diseases, such as giardiasis, toxoplasmosis 

and leishmaniasis, bacterial diseases, such as leptospirosis, 
campylobacteriosis, salmonellosis, and infections caused by 
microorganisms with resistance profile are among the leading 
cause of morbidity and mortality in domestic and wild animals. 
The high prevalence of these infections in domestic animals can 
represent a serious threat to human health due to the zoonotic 
potential of many of these microorganisms, as well as the spread 
of these infections among animals of the same species, which 
may lead to the sacrifice of these animals [1,2]. In addition, in 
recent decades, many of the bacterial infections in companion 
animals are caused by resistant microorganisms. Bacterial 
resistance is an unavoidable consequence of natural selection, 
but some factors can accelerate its emergence, among them the 
inappropriate use of antimicrobial agents in human and animal 
health [1,3]. 

Although most drugs exhibit effective antibacterial and/or 
antiparasitic activities against these infections, these compounds 
demonstrate restrictions on their use in clinical practice, such 
as its side effects and low bioavailability. The resistance to the 
antimicrobial agents that some microorganisms have been 
presenting due to the continuous use of these drugs is also 
troublesome. Thus, nanotechnology arises as a powerful tool to 
overcome the pharmacological difficulties of these molecules,  

 
making them viable as therapeutic options, aiming for greater 
treatment efficacy and lower toxicity [4,5].

Among nanobiotechnology products, nanocarriers for 
drug-controlled release, such as liposomes, appear as potential 
applications. Liposomes can be defined as vesicles having one 
or more phospholipid bilayers around an aqueous core. These 
nanocarriers are widely used as drug delivery systems because of 
their efficiency, biocompatibility, non-immunogenicity, and their 
ability to encapsulate hydrophilic and hydrophobic molecules 
[6,7]. Liposomes maintain the concentration of the drug within 
the therapeutic range, decrease its side effects and increase 
the bioavailability of the encapsulated drug, thus increasing 
patient compliance with treatment [8]. Liposome formulations 
are already used in the clinical routine of infections in humans 
and in domestic and wild animals [4,9]. In this context, are been 
realized new research and dissemination of studies related 
to the application of nanotechnologies approaches, such as 
liposomes, in the treatment of infections in domestic animals, 
aiming to obtain new therapeutic options for systemic infections 
in animals and the diffusion of the multidisciplinary knowledge 
which involves veterinary medicine and pharmaceutical 
nanotechnology.

Bacterial and parasitic infections in domestic animals 
Zoonoses, which are diseases transmitted to humans through 
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animals, are a global concern since they affect the entire world 
population, particularly affecting elder people, pregnant or 
immunocompromised, groups more susceptible to infections 
[10]. Commonly, the zoonoses are transmitted by domesticated 
pets, as they may be infected and/or colonized with a wide 
variety of pathogenic bacteria and parasites [11].

Children and the elderly are generally more exposed to 
pathogenic organisms from domestic animals, since they 
sometimes present lacks effective hygiene standards and 
greater physical contact with these animals and the domestic 
environment [10]. Contamination occurs through different 
routes, such as bites, scratches, inhalation, and food and water 
intake, besides contact with urine, feces or environments 
contaminated by microorganisms [10,11].

Domestic animals can be affected by bacterial and parasitic 
infections. Among the bacterial infections, salmonellosis, 
campylobacteriosis, leptospirosis and infections caused by 
bacterial with resistance profile stand out. Salmonellosis is an 
infection caused by Salmonella spp. which can survive for weeks 
or months in the environment, especially in hot and humid 
places. This bacterium has reptiles as natural reservoir, but 
colonizes dogs and cats, especially those lost or sheltered, as well 
as those who eat raw food [12].

Campylobacteriosis is a foodborne infection and can be 
transmitted by pets. Its etiologic agent is bacteria of the genus 
Campylobacter and is associated with human gastroenteritis. 
Dogs and cats are carriers of these microorganisms, especially 
in the newborn puppies [13]. Leptospirosis is considered a 
reemerging disease caused by species of the genus Leptospira 
that can survive for long periods of time in hot and humid 
environments. This disease can affect dogs and cats, particularly 
those that are abandoned, and can be considered a serious and 
highly contagious disease [10].

Infections caused by bacterial with resistance profile 
affecting dogs and cats are being an emerging human and 
animal health problem. These infections have as their etiological 
agents’ methicillin-resistant Staphylococcus aureus (MRSA), 
methicillin-resistant Streptococcus pyogenes (MRSP), extended 
spectrum β-lactamase-producing Enterobacteriaceae (ESBL) 
and multidrug-resistant Acinetobacter baumannii (MDR) [14]. 
Studies report that the risk of domestic animals acquiring 
resistant strains is particularly high. Contact with pets is a high-
risk factor for human infections by resistant bacteria, since 
strains that correspond to clones disseminated by dogs and cats 
have been found in the human population, suggesting home 
transmission of resistant strains between pets and their owners 
[15].

Among the parasitic diseases that affect the animals are 
giardiasis, leishmaniasis and toxoplasmosis. Giardiasis is caused 
by the protozoan Giardia duodenalis and this infection has been 
widely reported in humans and domestic animals. Domestic dogs 
and cats are vulnerable to gastrointestinal infections caused 

by this parasite [16]. Cutaneous leishmaniasis is caused by the 
parasite of the genus Leishmania and is transmitted to humans 
and other mammals by the bite of a phlebotomine infected 
sand flies. Dogs are hosts and reservoirs in different parts of 
the world and are responsible for maintaining transmission of 
leishmaniasis in different locations [17,18]. Toxoplasmosis is 
a parasitic disease caused by Toxoplasma gondii and presents 
a high incidence in humans, reaching 50-60% of the world 
population. Cats and dogs infected with T. gondii may present 
risks to human health, especially in areas where these animals 
live close to humans [16,19].

Intestinal parasitic infections are the most common diseases 
among humans and domestic animals, such as dogs, cats and 
pigs, being these hosts reservoirs of the parasites Ancylostoma 
ceylanicum, Ascaris spp., Trichuris spp. (pigs), Echinostoma spp. 
and Cryptosporidium spp. Dogs and cats are associated with 
more than 60 zoonotic parasites and have potential to transmit 
due to association with family members, being one of the serious 
public health hazards worldwide [20].

Nanotechnology and Nanomedicine
Nanotechnology is a specific field of science dedicated to 

the construction and material handling of functional structures 
at the nanometer scale, often 1 to 100 nm, but usually extends 
to include materials smaller than 1μm [21]. Nanotechnology 
applications targeting human and veterinary medicine, known 
as nanomedicine, have progressively increased in recent 
years, making nanotechnology an extremely promising area 
in veterinary medicine. The materials developed through 
nanomedicine have great potential to overcome serious hazards 
related to animal health, in addition to the preventive action, 
diagnoses and treatments for the several diseases that can attack 
them [22]. Among the nanocarriers, we highlight the liposomes, 
nanocarriers that were first described in 1961 and are defined as 
vesicles composed of one or more bilayers of phospholipids and 
an aqueous nucleus within these bilayers. The presence of an 
aqueous core and a lipid bilayer make liposomes be considered 
highly versatile delivery systems capable of incorporating 
hydrophilic and lipophilic molecules [8].

Liposomes can be conjugated to antibodies or ligands 
designed to optimize their suitability for the intended route and 
action site. They are developed to be generally administered 
intravenously and intramuscularly, but are vulnerable to 
degradation in the gastrointestinal tract, so they are rarely used 
for oral route. Liposomes are commonly studied to improve the 
targeting of drugs and vaccines [8]. In this sense, nanotechnology 
is a set of technologies that are used individually or in combination 
to produce products and applications in various fields, including 
in veterinary medicine [22].

Liposomes for the Treatment of Bacterial and Parasitic 
Infections 

Liposomes may act directly or indirectly in the microorganism, 
or by activating the immune system. The first studies of the 
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efficacy of liposomal formulations in dogs occurred in the early 
1980s [23,24]. Since then, several studies looking at ways to 
incorporate drugs into liposomes and to develop new treatments 
for bacterial and parasitic infections for these animals. One of 
the first studies using liposomes to treat Toxoplasma gondii was 
performed by Mellors [25], which showed that recombinant 
IFN-γ (rIFN-γ) encapsulated into liposomes was ten times 
more potent in the activation of macrophages to produce H2O2 
and improve the anti-Toxoplasma activity of rIFN-γ, as well as 
prolong its effects. In another study, El-Zawawy [26] purpose the 
treatment of tachyzoites T. gondii-infected mice with triclosan 
(TS) (150mg/kg/day) and TS encapsulated in liposomes 
(100mg/kg/day). The animals of the infected and untreated 
group showed a decrease in food intake and lethargic behavior. 
The number of tachyzoites decreased in the peritoneal fluid and 
in the liver smear of all treated groups, nevertheless a significant 
reduction in parasite load was observed in the group treated 
with TS encapsulated in liposomes compared to the group 
treated with TS.

Uric acid, a natural compound found in some species of 
lichens of the genus Usnea, has a variety of biological effects, 
including activity against protozoa [27,28]. Due to their toxicity 
and low water solubility, the use of liposomes may enhance 
the transport of this drug to the target cells. Analysis of the 
therapeutic effects of usnic acid and liposomes containing usnic 
acid (~130nm) was performed by Si [29] in Swiss mice infected 
intraperitoneally with tachyzoites of the Toxoplasma gondii RH 
strain. The authors found higher survival rates in mice treated 
with usnic acid encapsulated into liposomes when compared with 
mice treated only with usnic acid and concluded that liposomes 
containing usnic acid present a low toxicity, inhibitory effect on 
toxoplasma tachyzoite viability and promote a destruction of 
organelle membranes related to virulence.

Enrofloxacin, a second generation of fluoroquinolones, 
is used as a veterinary medicinal product for the treatment 
of salmonellosis due to its antibacterial properties [30]. 
Notwithstanding, this molecule achieves lower intracellular 
concentrations, which implies in failure of treatment, drug 
resistance, high incidence of relapse and toxicity to some organs. 
Therefore, the elimination of intracellular Salmonella, mainly 
in macrophages, requires new therapeutic strategies. Hence, 
nanocarriers can accumulate into macrophages and other 
cells, which makes them potentially useful for the treatment 
of intracellular infections, including Salmonellosis. Liposomes 
and polymeric nanoparticles have been reported as efficient 
nanocarriers, increasing the intracellular accumulation of 
fluoroquinolones at the site of infection with reduced toxicity 
and side effects [31].

Studies demonstrate the efficacy of liposomal enrofloxacin 
in delivery the drug to the monocytes of sheepdogs, resulting 
in a more effective treatment against intracellular infections 
compared to the drug in its free form [32,33]. Enrofloxacin 

encapsulated in multilamellar liposomes also increase the drug 
concentration in blood cells of dogs and was a more effective 
treatment for intracellular S. aureus infections [34]. In a similar 
way, another study showed that the use of liposomes resulted in 
an increased enrofloxacin activity against S. aureus in sheep dog 
neutrophils [35].

Pentavalent antimonials are first-line drugs for the 
treatment of leishmaniasis. The recommended treatment with 
these drugs has demonstrated good clinical efficacy, however, 
its use is limited by the need of daily parenteral administration, 
besides the serious side effects and treatment failures, since the 
treatment does not eliminate the infection [5]. In this context, 
several nanocarriers, such as liposomes, are designed for the 
targeting of antimonial drugs to the sites of visceral leishmaniasis 
infection, as well as for oral and topical antimony administration 
in visceral and cutaneous leishmaniasis [5].

A research conducted by Ribeiro [36] evaluated the 
antiparasitic activity of liposomes containing meglumine 
antimoniate (AML) against Leishmania spp. Dogs were infected 
with the parasite and treated parenterally with AML, liposomes 
without the drug and saline solution. A significant reduction in 
dog infection was found in the AML treated group when compared 
to the other groups. Another important study conducted in 
Brazil by da Silva [37] included 52 infected dogs distributed 
in six treatment groups: liposomes containing meglumine 
antimoniate, allopurinol, liposomal formulation of antimoniate 
plus allopurinol, liposomes containing allopurinol, liposomes 
without drug and saline solution. The authors observed that 
AML promoted both long-term suppression of the parasite and 
the reduction of infectious load in treated dogs. Despite these 
results, 5 months after treatment, the parasites were still found 
in the bone marrow of the animals. In this way, the researchers 
decided to compare the effectiveness of the treatment with AML 
with the treatment using AML associated with allopurinol. This 
therapeutic combination has been shown to promote clinical 
improvement and a significant decrease in the parasite load in 
the bone marrow and spleen of dogs, in addition to minimize the 
toxicity of these drugs by their encapsulation in liposomes.

Conclusion
In view of the foregoing, the use of liposomes to control the 

delivery of antibacterial and antiparasitic drugs and overcome 
their serious pharmaceutical limitations, such as toxicity and 
bioavailability, can improve significantly the in vivo efficacy 
and safety of these drugs. Moreover, this promising therapeutic 
approach can also be designing to target organs that present 
higher bacterial or parasite loads, improving the specificity of 
drugs for the treatment of bacterial and parasitic infections for 
veterinary applications.
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