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Abstract:

Smart drug delivery systems (SDDS) are revolutionizing veterinary pharmacology by offering
advanced solutions to the limitations of conventional drug administration in animals. These
technologies, including nano-formulations, long-acting injectables (LAls), and smart-release
systems, aim to enhance drug bioavailability, reduce dosing frequency, and improve treatment
compliance, particularly in livestock and companion animals. SDDS contribute to better
therapeutic efficacy, minimized stress in animals, and improved public health through
controlled drug use. Nano-based carriers enhance solubility and cellular uptake, while LAls
enable sustained therapeutic levels for extended periods. Smart-release systems respond to
physiological triggers such as pH or temperature, releasing drugs at the desired site of action.
This article reviews the principles, advantages, and applications of these delivery systems,
while addressing the regulatory and implementation challenges, with reference to recent
advancements in veterinary science.
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Introduction:

Drug delivery in veterinary practice often involves repeated handling, stress, and inconsistent
absorption, particularly in animals like cattle, poultry, and wild species. Traditional systems suffer from
poor bioavailability and increased drug resistance due to improper use. The need for precision and
sustainable therapies in animals has led to the adoption of Smart Drug Delivery Systems (SDDS). These
systems are designed to ensure efficient drug delivery through targeted, sustained, or stimuli-responsive
mechanisms. Veterinary SDDS mirror advancements in human medicine but require customization for
interspecies variation in metabolism, digestion, and physiology. This article explores the evolution and

impact of SDDS, including nano-formulations, long-acting injectables, and smart-release systems,
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drawing from various animal health studies and applications.

Overview of Technologies:
1. Nano-formulations:

Nano-sized carriers such as liposomes, polymeric nanoparticles, and solid lipid nanoparticles are

used to encapsulate drugs, enhancing solubility and reducing toxicity. For instance, nano-

encapsulated curcumin has demonstrated anti-inflammatory effects in equines (Santos et al,

2020). Chitosan-based nanoparticles have been used for sustained antibiotic delivery in poultry

(Zhang et al,, 2018).

2. Long-Acting Injectables (LAIs):

LAls use polymers like polylactic-co-glycolic acid (PLGA) or oil-based depots to release drugs over

days or weeks. These are valuable for livestock where frequent handling is impractical. Injectable

formulations of oxytetracycline and ivermectin offer long-term protection against infections and

parasites (Gokbulut & McKellar, 2018).

3. Smart-Release Systems:

These systems use responsive materials that release drugs based on environmental triggers like

pH, temperature, or enzyme presence. Thermosensitive hydrogels and pH-sensitive nanoparticles

have been explored for localized treatment in mastitis and gastrointestinal infections (Li et al,

2021).

4. Diagnostic and Case Reports:

Field applications in cattle and poultry have shown that SDDS reduce drug residues in meat and

milk and improve compliance in mass medication programs. In small animals, sustained analgesic

formulations improve post-operative care with minimal interventions.
Discussion:

SDDS provide multiple advantages over traditional methods. Nano-formulations enhance drug
stability, enable intracellular delivery, and reduce systemic toxicity. Studies show improved
pharmacokinetics of nano-antibiotics and antiparasitics in ruminants (Gao et al, 2019). Long-acting
injectables are widely accepted for mass livestock treatments, ensuring steady plasma drug levels. This
reduces antimicrobial misuse and enhances animal welfare by reducing frequent handling. Smart-release
technologies allow site-specific treatment, reducing off-target effects. For example, pH-sensitive systems
release antimicrobials only in the rumen or infected udder, increasing efficacy while minimizing systemic
exposure (Chen et al, 2022).

Challenges include the high cost of development, regulatory limitations, and lack of species-
specific pharmacokinetic data. Most technologies are extrapolated from human medicine, requiring

veterinary adaptation. Moreover, environmental concerns over nanoparticle residues and polymer
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degradation need further research. Nevertheless, SDDS align with One Health principles by reducing

antibiotic resistance risks and ensuring food safety through controlled drug use. Public-private
partnerships, veterinary policy support, and interdisciplinary research are crucial for mainstream
adoption of these technologies.

Conclusion:

Smart Drug Delivery Systems have transformed the landscape of veterinary medicine by offering
precision, convenience, and sustainability in treatment protocols. As livestock and pet populations grow,
and regulatory scrutiny over drug residues tightens, SDDS offer a reliable path forward. Nano-
formulations improve bioavailability and targeted therapy; LAls reduce dosing frequency and stress; and
smart-release systems enable intelligent, condition-specific treatment. Despite existing challenges, the
integration of SDDS into veterinary practice holds promise for enhanced productivity, reduced disease
burden, and better animal welfare. Continued investment in veterinary-specific innovations, education,
and regulatory adaptation will pave the way for widespread implementation.
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