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DESCRIPTION
Nanotechnology has revolutionized the field of drug delivery, 
suggesting innovative solutions to improve therapeutic efficacy, 
reduce side effects and enhance patient compliance. Nano Drug 
Delivery Systems (Nano-DDSs) have emerged as a potential 
approach to target drugs to specific tissues or cells, enabling 
controlled release and prolonged circulation in the body. 
However, the Pharmacokinetic (PK) behavior of Nano-DDSs is 
complex and differs significantly from conventional drug 
formulations, necessitating the development of specialized 
analytical methods to study their pharmacokinetics. This article 
provides an overview of the analytical methods employed in the 
pharmacokinetic study of Nano-DDSs, highlighting their 
importance and challenges.

Pharmacokinetics in Nano-DDSs

Pharmacokinetics refers to the study of the Absorption, 
Distribution, Metabolism and Excretion (ADME) of drugs 
within the body. In the context of Nano-DDSs, the 
pharmacokinetic profile is influenced by the physicochemical 
properties of the nanocarrier, such as size, surface charge, shape 
and composition, as well as the interaction between the 
nanocarrier and biological systems. Nano-DDSs can modify the 
ADME processes, leading to altered biodistribution, enhanced 
tissue penetration and prolonged circulation time. Therefore, 
accurate and reliable analytical methods are important to 
elucidate the pharmacokinetic behavior of these complex 
systems.

Analytical methods for pharmacokinetic studies of
Nano-DDSs

Sample preparation and extraction techniques: The first step in 
pharmacokinetic studies of Nano-DDSs involves the preparation 
of biological samples, such as blood, plasma, urine, or tissues, to 
isolate the drug and its nanocarrier. Various sample preparation 
techniques are used to extract Nano-DDSs from complex

biological matrices. These techniques include Solid-Phase 
Extraction (SPE), Liquid-Liquid Extraction (LLE) and protein 
precipitation. The choice of technique depends on the 
physicochemical properties of the Nano-DDSs and the nature of 
the biological sample. Proper sample preparation is essential to 
minimize matrix effects and ensure accurate quantification of 
the drug and nanocarrier.

Chromatographic techniques: Chromatography is a widely used 
analytical technique in pharmacokinetic studies of Nano-DDSs, 
particularly for the separation and quantification of drugs and 
nanocarriers. High-Performance Liquid Chromatography 
(HPLC) and Ultra-High-Performance Liquid Chromatography 
(UHPLC) are commonly employed due to their high resolution, 
sensitivity and reproducibility. HPLC coupled with various 
detectors, such as Ultraviolet (UV), fluorescence, or Mass 
Spectrometry (MS), allows for the simultaneous detection of the 
drug and its nanocarrier. In some cases, Size-Exclusion 
Chromatography (SEC) is used to separate the free drug from 
the drug-loaded nanocarrier, enabling the assessment of drug 
release and stability.

Mass Spectrometry (MS) techniques: Mass spectrometry plays a 
pivotal role in the pharmacokinetic analysis of Nano-DDSs due 
to its ability to provide detailed information on the molecular 
composition and structure of drugs and nanocarriers. MS 
techniques, such as Liquid Chromatography-Mass Spectrometry 
(LC-MS) and association Mass Spectrometry (MS/MS), are used 
to quantify drugs in biological samples with high sensitivity and 
specificity. These techniques can also be employed to study the 
metabolism of drugs within Nano-DDSs and to identify 
degradation products. Moreover, MS imaging techniques, such 
as MALDI-TOF (Matrix-Assisted Laser Desorption/Ionization 
Time-of-Flight), enable the visualization of the spatial 
distribution of Nano-DDSs within tissues.

Nuclear Magnetic Resonance (NMR) spectroscopy: NMR 
spectroscopy is a potential analytical tool for studying the 
pharmacokinetics of Nano-DDSs, particularly in terms of drug 
release and nanocarrier stability. NMR can provide detailed
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Additionally, the interactions between Nano-DDSs and 
biological components, such as proteins and cells, can lead to 
changes in their pharmacokinetic profile, complicating the 
interpretation of results. Moreover, the development of 
standardized analytical protocols and the establishment of 
regulatory guidelines for the pharmacokinetic evaluation of 
Nano-DDSs are still in their infancy.

Future research should focus on developing more complicated 
analytical techniques that can provide a deeper understanding of 
the pharmacokinetics of Nano-DDSs. Advances in nanotechnology, 
bioinformatics and computational modeling will likely 
contribute to the design of more effective and safer Nano-DDSs. 
Furthermore, the integration of multiple analytical techniques, 
such as combining imaging with chromatography or MS, may 
offer comprehensive insights into the pharmacokinetics of these 
complex systems.

CONCLUSION
Pharmacokinetic studies of Nano-DDSs are essential for 
understanding their in vivo behavior, optimizing their design 
and ensuring their safety and efficacy. The development of 
specialized analytical methods customized to the unique 
properties of Nano-DDSs is important for advancing the field of 
nanomedicine. As nanotechnology continues to evolve, so too 
will the analytical approaches used to study these innovative drug 
delivery systems, ultimately leading to the development of more 
effective and targeted therapies for a wide range of diseases.
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structural information on both the drug and the nanocarrier, 
allowing for the assessment of drug encapsulation efficiency, 
drug-nanocarrier interactions and the release kinetics of the drug 
from the nanocarrier. Furthermore, NMR spectroscopy can be 
used to study the in vivo biodistribution of Nano-DDSs by 
labeling the nanocarrier with NMR-active nuclei, such as ¹H, 
¹³C, or ¹⁹F.

Imaging techniques: Imaging techniques, such as Positron 
Emission Tomography (PET), Single-Photon Emission 
Computed Tomography (SPECT) and Magnetic Resonance 
Imaging (MRI), are invaluable tools for studying the 
biodistribution and pharmacokinetics of Nano-DDSs in vivo. 
These techniques allow for the non-invasive tracking of Nano-
DDSs in real-time, providing insights into their tissue 
accumulation, clearance and targeting efficiency. Radiolabeling 
of Nano-DDSs with isotopes like ⁶⁴Cu, ¹¹¹In, or ¹²⁴I enables their 
detection by PET or SPECT, while contrast agents such as 
gadolinium or iron oxide can be used for MRI studies. Imaging 
techniques complement traditional analytical methods by 
suggesting spatial and temporal resolution in the study of Nano-
DDS pharmacokinetics.

Challenges and future perspectives

Despite the advancements in analytical methods for 
pharmacokinetic studies of Nano-DDSs, several challenges 
remain. The complexity of Nano-DDSs, including their 
polydispersity, heterogeneous composition and effective behavior 
in biological systems, poses significant analytical challenges.
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