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Preface

The science of drug delivery has witnessed remarkable advancements in the ever-
evolving era of pharmaceuticals and healthcare that promise to revolutionize clini-
cal therapeutics. Among these breakthroughs, nanoparticles and novel drug delivery 
systems (NDDS) have emerged as game-changers, offering enhanced drug efficacy, 
reduced side effects, and improved patient outcomes. This book, Pharmacokinetics 
and Pharmacodynamics of Novel Drug Delivery Systems: From Basic Concepts to 
Applications, delves deep into the intricate world of these cutting-edge technolo-
gies. It seeks to unravel the mysteries of how nanoparticles interact with the human 
body, the dynamics of drug release, and the impact of these innovations on thera-
peutic response and clinical outcomes.

Nanoparticles represent a promising frontier in pharmaceuticals. Their ability to 
transport, protect, and release drugs with precision is nothing short of astounding. 
The intricate interplay between nanoparticles and biological systems, the optimiza-
tion of drug loading and release kinetics, and the quest for enhanced therapeutic 
efficacy demand a comprehensive understanding. Beyond nanoparticles, novel drug 
delivery systems encompass a wide array of ingenious techniques and formulations. 
From liposomes to microneedles, from implants to inhalation systems, each chapter 
explores the unique characteristics, challenges, and opportunities associated with 
these innovative approaches to drug delivery.

This book is an effort to provide a comprehensive understanding of the nuances 
of NDDS and its impact on the fascinating science of PK & PD. Each chapter is a 
carefully crafted exploration of a specific aspect of nanoparticle-based drug delivery 
or a novel delivery system, offering a holistic view of the subject.

The book is intended for researchers, clinicians, students, and anyone with an 
interest in the future of drug delivery. Whether you are a research scientist looking 
to strengthen your understanding or a student embarking on a journey of discovery, 
this book offers something for everyone. It is our hope that this book will serve as a 
beacon, guiding you through the complexities and possibilities of this field. As you 
embark on this voyage, we invite you to explore, question, and envision the future 
of pharmaceuticals with us.
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Welcome to the world of Pharmacokinetics and Pharmacodynamics of 
Nanoparticles and Novel Drug Delivery Systems.

� Munira M. Momin  

Preface
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Disclaimer

Auto-summaries can be generated by either an abstractive or extractive 
auto-summarization:

•	 An extraction-based summarizer identifies the most important sentences of a text 
and uses the original sentences to create the summary.

•	 An abstraction-based summarizer creates new text based on deep learning. New 
phrases are created to summarize the content.

The auto-summaries you will find in this book have been generated via an extractive 
summarization approach.

Each chapter was carefully edited by Prof. Dr. Munira Momin, Dr. Tabassum 
Khan, and Prof. Sankalp Gharat. The editors selected the papers which were then 
auto-summarized. The editors have not edited the auto-summaries due to the 
extraction-based approach and have not changed the original sentences. You will 
find the editors’ reviews and guidance on the auto-summaries in their chapter 
introductions.

In machine-generated books, editors are defined as those who curate the content 
for the book by selecting the papers to be auto-summarized and by organizing the 
output into a meaningful order. Next to the thoughtful curation of the papers, editors 
should guide the readers through the auto-summaries and make transparent why 
they selected the papers.

The ultimate goal is to provide a current literature review of Springer Nature 
publications on a given topic in order to support readers in overcoming information 
overload and to help them dive into a topic faster; to identify interdisciplinary over-
laps; and to present papers which might not have been on the readers’ radar.

Please note that the selected papers are not used to train an LLM while the auto-
summaries are created.
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Chapter 1
Introduction to Pharmacokinetics 
and Pharmacodynamic Studies of Novel 
Drug Delivery Systems

Sankalp A. Gharat, Munira M. Momin, and Tabassum Khan

1.1 � Introduction

Nanoformulations have evolved to circumvent the limitations of conventional drug 
delivery systems. Novel Drug Delivery Systems (NDDS) have emerged as innova-
tive approaches that enhance the efficacy and safety of drug therapies. NDDS 
includes a diverse range of nanotechnologies designed to optimize the delivery of 
therapeutic agents to their intended targets within the body. The need for nanofor-
mulations arises from the limitations of traditional drug administration methods, 
that often results in suboptimal therapeutic outcomes and reduced patient compli-
ance [1]. The history of NDDS is an interesting narrative of human ingenuity and 
scientific progress; the first controlled-release polymer device was developed in 
1964. Bangham discovered the liposome in 1965; albumin-based nanoparticles 
were reported in 1972; liposome-based formulations were developed in 1973; the 
first micelle was developed and approved in 1983; the USFDA approved the first 
controlled formulation in 1989; and the first polyethylene glycol (PEG)-protein 
conjugate hit the market in 1990 [2].

The term “NDDS” covers various macro-micro-nano strategies and platforms 
that modulate the formulation for release, and targeting of drugs. These systems are 
designed to specific disease states, and patient populations, offering personalized 
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and optimized treatment approaches. Drug products containing nanomaterials pos-
sess distinct characteristics due to potential alteration of their chemical, physical, or 
biological properties in comparison to conventional pharmaceuticals, significantly 
impacting the quality, safety, and effectiveness of the product [3]. Nanomaterial-
based drug formulations may exhibit a different pharmacokinetic profile as com-
pared to traditional formulations containing the same drug. Once a drug loaded 
nanoparticle enters the bloodstream, it has the capacity to engage with specialized 
immune cells known as macrophages. These macrophages engulf the nanoparticles 
and facilitate its targeted delivery to specific locations that are typically challenging 
to access for conventional formulations [4]. In another scenario, a pharmaceutical 
formulated as a nanomaterial incorporates a unique “shielding” mechanism designed 
to prevent interactions with immune cells, enabling the drug to circulate in the 
bloodstream for extended periods, ultimately reaching its intended destination, such 
as tumor tissues. This capability to selectively target specific areas while avoiding 
others substantially reduces the risk of side effects and off-target toxicity, resulting 
in enhanced therapeutic efficacy [5–7].

Nanomaterials find their primary application in the treatment of conditions like 
cancer and microbial infections [8–10]. However, it is a challenging process to com-
prehend the transit of these nanoparticles within the biological system. Understanding 
PK (Pharmacokinetics) and PD (Pharmacodynamics) of nanoparticles is vital for 
optimizing drug delivery, ensuring efficacy, and minimizing potential side effects 
when using these nanoscale carriers for targeted therapies. Additionally, PK/PD 
studies guide the design of nanoparticle-based drug delivery systems, contributing 
to safer and more efficient healthcare solutions [11]. Before delving into PK/PD of 
nanoparticles, it is essential to have a comprehensive understanding of the current 
global scenario of NDDS.

The global NDDS market was estimated to be valued at approximately 
US$12.7 billion in year 2022. Projections indicate that it is poised to reach a 
revised market size of around US$61 billion by the year 2030, demonstrating a 
compounded annual growth rate (CAGR) of 21.6% over the analysis period span-
ning from 2022 to 2030. The NDDS market in the United States is estimated to 
be valued at approximately US$4.8 billion in 2022. China, as the world’s second-
largest economy, is expected to reach a projected market size of around US$7.4 
billion by 2030, exhibiting a CAGR of 26.4% during the analysis period from 
2022 to 2030. Noteworthy growth is also anticipated in other geographic markets, 
including Japan and Canada, which are forecast to experience growth rates of 
approximately 18.7% and 19.8%, respectively, over the period spanning from 
2022 to 2030. In Europe, Germany is expected to grow at a CAGR of approxi-
mately 20.2% [12].

“Nanotechnology—Over a Decade of Progress and Innovation”: A report by the 
USFDA, issued in July 2020 illustrates the increasing trend in Investigational New 
Drug (IND), New Drug Application (NDA), Abbreviated New Drug Application 
(ANDA) submissions of human drug products to the USFDA that involve nanoma-
terials from 1970 to 2019 [13], as shown in Fig. 1.1.

S. A. Gharat et al.
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Fig. 1.1  Nanomaterials based applications submitted to the United States Food and Drug 
Administration (USFDA) in the period of 1970–2019 (Figure adapted from USFDA website data 
freely available in public domain: “Nanotechnology—Over a Decade of Progress and Innovation: 
A report by the USFDA”) [13]

The growth of the NDDS market is driven by a combination of medical, techno-
logical, regulatory, and economic factors, with a focus on improving patient out-
comes and treatment options [14], including:

Chronic Diseases: The rising prevalence of chronic diseases, such as cancer, diabe-
tes, and cardiovascular diseases, creates a demand for advanced drug delivery 
systems to improve treatment outcomes.

Biopharmaceuticals: The growth of biopharmaceuticals, including monoclonal 
antibodies and gene therapies, has spurred the development of specialized drug 
delivery technologies to enhance their delivery and effectiveness.

Personalized Medicine: The shift towards patient-centric healthcare and personal-
ized medicine is fueling the demand for tailored drug delivery systems that meet 
individual patient needs.

Population: The aging population in many countries is driving the need for innova-
tive drug delivery systems to address age-related health conditions.

Technological Advancements: Advances in nanotechnology, materials science, 
and microfabrication have opened up new possibilities for creating novel drug 
delivery platforms.

Regulatory Support: Favourable regulatory policies and incentives for innovative 
drug delivery systems encourage companies to invest in research and development.

1  Introduction to Pharmacokinetics and Pharmacodynamic Studies of Novel Drug…
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Investment and Research: Significant investments in research and development by 
pharmaceutical companies, startups, and government initiatives are fueling inno-
vation in drug delivery technologies.

Global Pandemic: The COVID-19 pandemic has accelerated research into vaccine 
delivery systems, including nanoparticle-based platforms, which will likely have 
lasting impacts on pharmaceutical industry [15].

As nanotechnology continues to evolve, the range and impact of marketed nano-
technological products are expected to grow, shaping the future of industries and 
improving the quality of life for people around the world. Over the past few decades, 
nanotechnology has transitioned from laboratory research to translational applica-
tions, leading to the emergence of a wide range of nanotechnological products in the 
global market. Table 1.1 summarises various approved nanotechnology based mar-
keted formulations.

The translation of NDDS from the laboratory to commercialization is a complex 
and multifaceted process. While these technologies hold the potential to revolution-
ise healthcare, there are several challenges that companies and researchers must 
address to successfully commercialise these innovations. Several factors contribute 
to these translational gaps are as follows [19]:

	(a)	 Complexity of nanostructures: Nano formulations involve complex structures 
with precise control over size, shape, surface properties, and drug loading. 
Scaling up these complex structures while maintaining their integrity and func-
tionality is highly challenging.

	(b)	 Regulatory hurdles: Regulatory agencies like the USFDA and EMA (European 
Medicines Agency) have stringent requirements for approving new drug formu-
lations, especially those involving nanoparticles. Demonstrating safety and effi-
cacy, characterizing the product’s quality, and ensuring consistent manufacturing 
processes is time-consuming and expensive.

	(c)	 Biocompatibility and toxicity: Nanoformulations must be carefully evaluated 
for their biocompatibility and potential toxicity. This requires extensive pre-
clinical studies to understand their effects in different biological systems.

	(d)	 Stability and shelf life: Maintaining the stability of nano formulations over 
time is crucial for commercial viability. Ensuring that nanoparticles remain 
stable, both in storage and during administration, is challenging.

	(e)	 Scalability: Transitioning from small-scale laboratory production to large-
scale commercial manufacturing is tough. Achieving the same level of preci-
sion and quality control at scale is a significant hurdle.

	(f)	 Cost-effectiveness: The production of nanoparticles often involves expensive 
and specialized equipment and materials. Reducing the cost of manufacturing 
while maintaining quality is significant barrier to translation.

	(g)	 Targeted delivery and efficacy: While nano formulations offer the promise of 
targeted drug delivery, ensuring that the nanoparticles effectively reach their 
intended target and produce the desired therapeutic effect is complex and 
requires further optimization.

S. A. Gharat et al.
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	(h)	 Clinical trials: Conducting clinical trials to demonstrate the safety and efficacy 
of nano formulations is time-consuming and expensive. Moreover, recruiting 
patients for such trials is tough, particularly if the formulation targets a rare 
disease or a niche market.

	(i)	 Market adoption: Even if a nanoformulation successfully traverses the regula-
tory process and demonstrates clinical efficacy, market adoption may be slow 
owing to factors such as physician acceptance and competition with established 
therapeutic modalities.

	(j)	 Intellectual property: Protecting intellectual property associated with nano-
formulations can be challenging and hinders their translation.

To bridge the translational gap for nanoformulations, collaboration among research-
ers, clinicians, regulatory agencies, and industry stakeholders is essential. 
Additionally, continued investment in research, development, and the establishment 
of standardized protocols for evaluation and manufacturing can help overcome 
some of these challenges.

1.2 � Regulatory Guidelines for NDDS 
in Pharmaceutical Industry

Food products, cosmetics, medical devices, and medications have incorporated nan-
otechnology over the course of several decades. There is a wide range of pharma-
ceuticals incorporating nanomaterials that are under the jurisdiction of the USFDA’s 
Centre for Drug Evaluation and Research (CDER). The number of authorised drug 
products utilising nanomaterials has steadily increased, which includes generic 
medications as well as experimental novel pharmaceuticals, new drug applications, 
and abbreviated new drug applications. Since the early 1970s, more than 60 applica-
tions have been accepted, and the demand continues to grow [20]. Current nano-
technology research is concentrated on the exploration of pivotal processes and 
material attributes that possess the potential to influence product quality, while com-
prehending quality within the broader framework of effectiveness and safety. The 
stability of liposomes, is also a significant aspect under scrutiny, given its direct 
bearing on product quality. Additionally, there is a focus on assessing the extent to 
which manufacturing deviations, such as temperature fluctuations or drying proce-
dures, can affect particle size, distribution within the body, and overall stability.

Manufacturers are obligated to meticulously opt for and execute suitable quality 
control measures to enable the detection of any potential variations in the nanoprod-
uct. The Office of Testing and Research (OTR) focuses their attention on assessing 
the drug’s performance through the utilization of advanced analytical techniques. 
These assessments include examinations conducted both within the body (in-vivo) 
and in external settings (in-vitro). The primary objectives are to unravel the mecha-
nisms governing the release of the drug from nanocarriers and to establish a correla-
tion between in-vivo and in-vitro findings [21].

1  Introduction to Pharmacokinetics and Pharmacodynamic Studies of Novel Drug…
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In 2014, the formation of the Nanotechnology Risk Assessment Working Group 
aimed to evaluate the implications of nanotechnology on drug products. Comprising 
of experts from various domains within the CDER, this working group is actively 
engaged in establishing standards for nanomaterials applied in drug development, 
thereby fostering technological progress. The collective findings of this working 
group indicate that, for the most part, current assessment procedures suffice for the 
evaluation of drugs incorporating nanomaterials. However, this is contingent upon 
the drug applicant’s diligent execution of appropriate studies early in the develop-
mental phase and the implementation of a formulation control strategy to ensure 
consistent clinical outcomes. The CDER has dedicated substantial efforts over 
recent years to comprehend the attributes of nanomaterials when utilized in drug 
products. This aims to establish a regulatory framework that can effectively evaluate 
the influence of these unique physical properties on the safety and efficacy of such 
nanotechnology-based products. The initial phase of this work concentrated on 
exploring the role of zinc oxide and titanium dioxide nanomaterials in sunscreens. 
CDER conducted studies to investigate the potential penetration of titanium dioxide 
nanomaterials into normal skin, demonstrating in pig model that such penetration 
did not occur beyond the dermis. In more recent times, CDER’s ongoing research 
initiatives encompass a broader scope, including the characterization and safety 
assessment of nanomaterials in drug products [22].

The USFDA has released a series of guidance documents concerning the utiliza-
tion of nanotechnology in products that fall under FDA regulation. These guidance 
documents are being issued as a part of the USFDA’s ongoing efforts to implement 
the recommendations outlined in the FDA’s 2007 Nanotechnology Task Force 
Report. It is important to note that while these guidance documents do not establish 
or grant any rights to individuals or impose binding obligations on the FDA or the 
public, they do serve as a reflection of the FDA’s current perspective on the subject 
matter. Some of the guidance documents that address the use of nanotechnology or 
nanomaterials in products regulated by the FDA are discussed in Table 1.2:

The existing regulatory framework in Europe actively supports the advancement 
of novel nanomedicines and has demonstrated its efficacy in evaluating marketing 
authorization applications for such products. A substantial commitment is being 
made both at the European and international levels to ensure that regulatory science 
progresses in sync with the evolving knowledge of nanotechnology. In 2007, the 
EMA, in collaboration with experts from regulatory agencies in the United States, 
Japan, Canada, and Australia, participated in a global initiative led by the FDA. This 
initiative aimed to establish the defining characteristics of medicines utilizing nano-
technology. The consortium of regulatory bodies engaged in discussion and infor-
mation sharing on guidelines as well as scientific and legislative efforts in their 
respective regions. This exchange of information and experience facilitated valu-
able insights, drawing from analogous frameworks such as cosmetics, medical 
devices, and consumer products. Under the chairmanship of the EMA, this group 
also formulated a working descriptor for “nano-medicines intended for internal 
use.” This descriptor served as a common reference point to enable global regula-
tory authorities to exchange experiences and deliberate on their respective 

S. A. Gharat et al.
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approaches to regulating this emerging field. It ensured that regulatory science 
advancements were collaborative and open to input from various stakeholders, 
including the work of ISO 199 TC. Building upon the collaborative work of this 
international expert group, the EMA organized the First International Scientific 
Workshop on Nanomedicines on September 2–3, 2010. The workshop brought 
together approximately 200 participants from Europe and around the world, repre-
senting 27 countries, including Australia, Canada, India, Japan, and the United 
States. These participants engaged in discussions concerning the advantages and 
challenges associated with the application of nanotechnologies in medicine [24, 29].

1.3 � Need of Pharmacokinetic and Pharmacodynamic Studies 
(PK/PD) of NDDS

Understanding pharmacokinetics and pharmacodynamics play a significant role in 
overcoming the translational challenges of NDDS. PK/PD studies are essential in 
evaluating the impact of these nano systems, which aim to enhance drug efficacy 
and safety through controlled and targeted release as shown in Fig. 1.2.

PK is the study of how the body interacts with a drug after administration. It 
involves the processes of absorption, distribution, metabolism, and excretion 
(ADME) that a drug undergoes within the body. In the context of novel drug deliv-
ery systems, understanding pharmacokinetics becomes crucial for optimizing drug 
release profiles, extending drug circulation times, and achieving targeted delivery. 
Various routes of administration, including oral, parenteral, transdermal, and inha-
lation, offer distinct pharmacokinetic profiles that influence the design and selection 
of delivery systems. By studying the PK of novel drug delivery systems, researchers 
can assess their bioavailability, tissue distribution, and elimination kinetics. This 
knowledge helps optimize dosage regimens, predict drug concentrations at the tar-
get site, and determine the duration of therapeutic effect. On the other hand, PD 
refers to the study of a drug’s mechanism of action and its effects on the body. It 
encompasses receptor binding, signal transduction, and the resulting physiological 
responses. Novel drug delivery systems often aim to enhance pharmacodynamic 
outcomes by providing controlled and sustained drug release, localized drug action, 
or modulation of drug release in response to specific physiological cues. PD studies 
of NDDS provide insight into their mechanism of action, therapeutic efficacy, and 
potential side effects [11].

PK/PD studies of NDDS provide valuable insights into the behavior of drugs and 
nanoparticles in the body, their interactions with biological systems, and their thera-
peutic effects. Understanding PK/PD of nanoformulations helps in [30]:

	(a)	 Optimizing drug delivery: PK studies help determine the ADME of nanofor-
mulations. This information guides the designing of nanoparticles to enhance 
drug delivery. For example, understanding the drug’s PK profile can help mod-
ify the nanoparticles to improve drug release kinetics, bioavailability, and tis-
sue-specific targeting.
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	(b)	 Dosing regimen: PD studies elucidates the relationship between drug concen-
tration and therapeutic effect. This knowledge helps to establish the appropriate 
dosing regimen of nanoformulations, ensuring that the drug concentration 
remains within the therapeutic window while minimizing side effects.

	(c)	 Minimizing toxicity: PK studies identify potential toxicity associated with 
nanoformulations, such as accumulation of nanoparticles in specific tissues. 
Understanding the distribution of nanoparticles in the body and their clearance 
rates helps design safer formulations.

	(d)	 Predicting clinical efficacy: PD studies help establish a dose-response rela-
tionship, enabling researchers to predict the clinical efficacy of nanoformula-
tions. This information is crucial for designing effective clinical trials and 
determining appropriate endpoints.

	(e)	 Patient stratification: PK/PD data helps identify patient populations that are 
most likely to benefit from nanoformulations. This personalized medicine 
approach improves the chances of success in clinical trials and enhances the 
value proposition of the nanoformulation.

	(f)	 Biomarker development: PK/PD studies aids in the identification of biomark-
ers that correlate with therapeutic response or toxicity. These biomarkers serve 
as valuable tools for patient selection, monitoring treatment efficacy, and pre-
dicting treatment outcomes.

	(g)	 Regulatory approval: Regulatory agencies require comprehensive PK/PD 
data as part of the drug approval process. A thorough understanding of the 
behavior of the drug in the body can facilitate and streamline the approval pro-
cess for nanoformulations.

	(h)	 Dose optimization: PK/PD modeling and simulations helps optimize dosing 
regimens, reducing the risk of underdosing or overdosing patients. This is par-
ticularly important for nanoformulations, where drug release and distribution is 
complex.

	(i)	 Long-term safety: PK studies provide insights into the long-term safety of 
nanoformulations by monitoring drug and nanoparticle persistence in the body. 
This information helps in addressing concerns about potential accumulative 
toxicity.

	(j)	 Translational success: A robust understanding of PK/PD can improve the pre-
dictability of a nanoformulations performance in humans, reducing the likeli-
hood of translational failures. This can save time and resources in the drug 
development process.

In summary, PK/PD studies are essential tools for characterizing the behavior of 
nanoformulations in-vivo and optimizing their design for clinical use. They provide 
crucial data for regulatory submissions, dose selection, patient stratification, and 
overall translational success. Incorporating PK/PD insights into the development 
process can enhance the probability of successful translation and commercialization 
of nanoformulations. While PK/PD studies offer numerous advantages in the devel-
opment of NDDS, they also introduce unique challenges. Some challenges specific 
to the PK/PD aspects of NDDS are as follows [31–34]:
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	(a)	 Complex pharmacokinetics: The complex nature of NDDS leads to more 
complex PK profiles. Factors such as drug release rates, particle size, surface 
characteristics, and carrier interactions influence drug absorption, distribution, 
and elimination.

	(b)	 Variability in drug release: NDDS often exhibit controlled or sustained drug 
release profiles, leading to variability in drug exposure. This variability 
requires careful consideration and adjustments to ensure consistent therapeu-
tic effects.

	(c)	 Non-linear pharmacokinetics: Some NDDS exhibit non-linear PK, where 
changes in dose do not lead to proportional changes in drug concentration. 
Understanding and predicting these non-linear relationships can be challenging.

	(d)	 Tissue distribution and accumulation: Targeted NDDS alters the tissue dis-
tribution pattern of drugs. Achieving desired drug accumulation at target sites 
while minimizing off-target accumulation can be complex and depends on fac-
tors like particle size, surface modification, and targeting ligands.

	(e)	 Stability and degradation: NDDS have significant impact on the drug stabil-
ity and its susceptibility towards degradation. Factors like pH, temperature, and 
interaction with carrier materials can impact drug stability and subsequently 
affect PK.

	 (f)	 Interactions with biological carriers: NDDS often interact with biological 
barriers, such as cell membranes and the blood-brain barrier and these interac-
tions influence the ADME of encapsulated drugs. Biological responses to 
NDDS are further more complex and multifaceted, influenced by factors 
beyond drug release, such as carrier-cell interactions and immune responses.

	(g)	 Biocompatibility and immunogenicity: Some NDDS triggers immune 
responses or adverse reactions, affecting both PK and PD. Evaluating the bio-
compatibility and potential immunogenicity of these materials is important.

	(h)	 Dosing strategies: Determining appropriate dosing strategies for NDDS is 
challenging. Balancing the release profile with therapeutic efficacy and safety 
considerations requires careful optimization.

	 (i)	 PK/PD modeling: Developing accurate PK/PD models for NDDS is complex 
due to the numerous variables involved. Specialized modeling approaches are 
often needed to accurately predict the drug behavior.

	 (j)	 Targeting and non-targeting effects: NDDS offer targeted delivery, however 
unintended interactions with off-target tissues can occur, affecting both PK and 
PD responses.

	(k)	 Patient variability: The impact of NDDS on PK/PD can vary among individu-
als due to genetic, physiological, and disease-related factors. Individualized 
treatment approaches may be needed.

	 (l)	 In-vivo validation: NDDS require in-vivo validation to assess PK/PD behav-
ior accurately. Designing and conducting these studies can be 
resource-intensive.

	(m)	 Long-term effects: Understanding the long-term PK/PD effects of NDDS, 
especially in chronic diseases, requires extensive research to ensure safety and 
sustained therapeutic benefits.
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Addressing these challenges requires interdisciplinary collaboration among formu-
lation scientists, pharmacologists, material scientists, clinicians, and regulatory 
experts. Combining in  vitro studies, preclinical assessment, advanced modeling 
techniques, and clinical trials is essential to comprehensively understand and opti-
mize the PK/PD behavior of NDDS, ensuring their safe and effective translation 
from the lab to clinical practice.

1.4 � Conclusion

The advent of novel drug delivery systems has revolutionized the pharmaceutical 
industry by offering improved therapeutic outcomes and patient comfort. As NDDS 
continues to evolve, they hold promise of transforming the future of medicine, mak-
ing treatments more effective, accessible to individual health conditions. The study 
of PK/PD of nanoparticles represents a dynamic and rapidly evolving field with 
immense potential for improving drug delivery and patient outcomes. The subse-
quent chapters delve deeper into PK/PD of specific delivery systems, and their 
applications.
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Chapter 2
Absorption, Distribution, Metabolism 
and Excretion of Novel Drug Delivery 
Systems

Sankalp A. Gharat, Munira M. Momin, and Tabassum Khan

Introduction by the Editor
Nanotechnology has revolutionized various fields, from drug delivery to diagnosis, 
by enabling the designing and engineering of drug carriers at the nanoscale level. 
Nanoparticles, possess unique properties that make them highly valuable in numer-
ous applications. However, understanding how these nanoparticles are absorbed, 
distributed, metabolized, and excreted within biological systems is crucial for 
ensuring their safe utilization [1]. Once inside the body, nanoparticles get distrib-
uted across different tissues and organs, facilitated by their unique physicochemical 
characteristics as depicted in Fig. 2.1. It is therefore important to understand the 
factors that affect the absorption, distribution, metabolism and excretion (ADME) 
of nanoparticles. The factors affecting ADME of nanoparticles are as follows [2–4]:

	(a)	 Physicochemical properties of nanoparticles (size, shape, surface area to vol-
ume ratio, surface charge, surface coating, surface chemistry, surface topology, 
crystallinity, functionalization, PEGylation, ligand conjugation, composition of 
nanoparticles, density, porosity, solubility of nanoparticles, stability and aggre-
gation potential of nanoparticles)

	(b)	 Route of administration of nanoparticles and type of delivery system
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Fig. 2.1  Factors affecting absorption, distribution, metabolism, excretion of nanoparticles

	(c)	 Physiological factors (Blood circulation, Reticuloendothelial system (RES) 
interaction, perfusion, permeability, physiological barriers, tissue specific fac-
tors, protein binding)

	(d)	 Patient related factors (age, gender, disease type, tumor type and location, body 
composition and prior treatments)
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