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Novel Carrier Systems for Targeted and Controlled Drug Delivery refers to strate-
gies and the development of novel delivery vehicles that can be administered safely
to effectively deliver therapeutics at a controlled rate to the desired site in the body
while ensuring minimum to nil toxicity or side effects.

Various methods have been used to construct nanocarriers to deliver the encap-
sulated drug to the cancer cells. These nanocarriers alter the anticancer drug accu-
mulation and distribution thus producing the best possible therapeutic outcomes.
Nano-drug delivery by various drug delivery systems has emerged as a command-
ing technology for the treatment of various diseases.

Therapeutic drugs have many limitations and low concentrations of therapeutics
reach the target organ/cells. Moreover, most of the techniques used in the treatment
of various disease are not specific to target cell/organs. To overcome such limita-
tions, researchers are exploring various target-specific novel drug carriers. This
book contains 19 chapters including Chapter 1: Influence of drug properties and
routes of drug administration on design of sustained and controlled release systems;
Chapter 2 : Polymeric materials in controlled drug delivery; Chapter 3:
Biopharmaceutics and pharmacokinetic aspects of peroral controlled drug delivery
systems; Chapter 4: Parenteral drug delivery; Chapter 5: Transdermal drug delivery
system; Chapter 6: Implantable Drug Delivery system; Chapter 7: Proteins/peptides
drug delivery system; Chapter 8: Controlled release formulations for alternate
routes of administration; Chapter 9 : Regulatory approval pathways involved in con-
trolled release formulations; Chapter 10: Role of controlled release in veterinary
formulations; Chapter 11: Fundamentals of targeted drug delivery; Chapter 12:
Chemical drug delivery system; Chapter 13: Targeted brain delivery of therapeutics;
Chapter 14: Targeted tumour delivery; Chapter 15: Colloidal drug delivery systems:
(a) Liposomes and niosomes (b) Solid lipid nanoparticles and nanostructured lipid
carriers (c) Polymeric nanoparticles — PLGA, chitosan, albumin, gelatin, alginate,
etc. (d) Carbon nanotubes; Chapter 16: Overview of specialized drug delivery sys-
tems: transfersomes, ethosomes, layersomes, bilosomes, emulsomes, virosomes,
cubosomes, aquasomes, pharmacosomes, dendrimers, polymeric micelles and
resealed erythrocytes; Chapter 17: Stimuli-responsive drug delivery systems: mag-
netically, thermal and pH-assisted drug delivery system; Chapter 18: Theranostics
application of controlled release drug delivery systems; Chapter 19: Miscellaneous



vi Preface

targeting approaches: fundamentals of gene delivery, overview of colon, liver, mac-
rophage, mitochondrial and M cells targeting.

Each chapter is an attempt to discuss various aspects of the development of novel
and controlled drug delivery systems development, current status, and future pros-
pects of the same. Hope the book shall be a useful compilation to undergraduate,
postgraduate pharmacy students and researchers working in the drug delivery field,
research and development and National Research Institutes. We are thankful to our
research teams that includes Farhan Mazahir, Paul Gajanan Balaji, Amit kumar, Md
Imtiyaz alam and Shashi Kashyap (Dr. Awesh K. Yadav) and Parth Patel, Anchal
Pathak, Manisha Patel, Gijith KM and Sofiya Tarannum (Dr. Keerti Jain). The inputs
and support from them helped us a lot in bringing the book to its present shape. We
thankfully acknowledge the support of our respective family who assisted us to their
fullest. I (Dr. Awesh Yadav) place on record the motivation of my father and mother,
my wife Archana, my daughter, doorva and my son, darsh during the preparation of
this book. I (Dr. Keerti Jain) wish to acknowledge the support provided by my fam-
ilty particularly my husband, Vineet K. Jain, my dear son, Kritansh, my father,
mother, sister and brother, Atin Jain. We are also thankful to Springer Nature pub-
lisher for their interest and support in quality printing of the book. We realize that
feedback, suggestions and inputs from teachers, researchers and students shall help
to improve the next edition of the book.

Lucknow, Uttar Pradesh, India Awesh K. Yadav
Lucknow, Uttar Pradesh, India Keerti Jain
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MEC Minimum effective concentration

MTC Minimum toXic concentration

OCAS Oral Controlled Absorption System

OROS Osmotic-Controlled Release Oral Delivery System

OTC Over the counter
OVA Ovalbumin

PD Parkinsonism disease
PEG Polyethylene glycol
PLA Polylactic acid

PVA Polyvinyl alcohol
PVP Polyvinyl pyrrolidone
SR Sustained release

UDP Uridine diphosphate

1 Introduction

To efficiently approach the site of action after administration, every therapeutic
molecule requires a capable delivery system. In case of freshly developed new
chemical entity for therapeutic purpose, the selection and development of suitable
dosage form are very critical to get the maximal efficacy for the treatment of target
disease. When we opt for traditional drug delivery systems, they generally offer
instant release of incorporated drug without any control on the release rate. On the
other hand, sustained release and controlled release delivery systems are out-and-
out influential for their inimitable benefits, e.g., reduction in dosing frequency,
superior bioavailability of incorporated therapeutics, extension of the duration of
effective blood-plasma levels, minimal peak-to-trough concentration fluctuation,
and reduced side effects associated with conventionally developed formulations.

Still the dominancy of conventional formulations in terms of consumption by the
patients is well evident for both, i.e., over the counter medicines as well as for pre-
scriptional medicines. At the same time, a tremendous uplift in the utilization of
sustained or controlled release systems has been reported in past decade owing to
better efficiency and safety profiles [1]. Considering the increasing demand and
their effectiveness on therapeutic front, sustained/controlled delivery systems are in
demand nowadays. However, the formulator must compare the pros and cons with
conventional system while developing sustained/controlled release delivery system
for justifying the appropriate reasons and purpose to opt the comparatively much
expensive delivery system.

For the designing of any formulation, a formulator must consider the several fac-
tors, i.e., physicochemical properties of the drug, route of drug administration, and
pharmacological and biological effects. The safe and effective delivery of medica-
tion depends not only on the physicochemical features of the drug but also on how
the patient’s body reacts to the medication. Pharmacokinetics is the study of the



Influence of Drug Properties and Routes of Drug Administration on Design... 3

physiological mechanisms that impact a drug’s absorption, distribution, metabo-
lism, and excretion during the biological life of drug.

The role of physicochemical properties of both, i.e., drugs and the excipients,
was thoroughly studied as this influences the performance of drug in biological
environment. In this, the major properties that hamper the drug activity are solubil-
ity, stability, lipophilicity, and molecular interactions. The degree to which a solute
may dissolve in a solvent is referred to as its solubility. For a drug absorption by the
walls of the intestines, primarily it needs to dissolve at a significantly rapid rate in
the biological medium of the body. Because there is often fewer drug content dis-
solved in water at the absorption site, drug molecules with extremely low aqueous
solubility frequently have reduced bioavailability [2].

Drugs having water-soluble concentration of 10 mg/mL are predicted to have
impaired bioavailability. Once the medication is ingested, biological fluids in close
proximity to a drug particle may affect the medication’s stability. Drugs may be
subject to metabolic and chemical breakdown, which reduces its efficacy. Drugs
with weak acidic stability are able to bypass the acidic stomach when encased with
enteric-coated materials, and the GIT drug release will be done at lower rates. Drugs
may be resistant to enzymatic breakdown by changing their chemical structure in
order to create prodrugs [3].

In summary, it may be suggested that an optimal drug delivery system would
provide accurate dosages of a medicine at a set pace to reach the drug level required
for managing the ailment. The amount present in the medication will be kept within
the therapeutic limits when the drug is released at a zero-order rate for the majority
of medicines that clearly correlate concentration and response.

1.1 Concepts and Terminology

To predict the fate of medications after administration, the formulator must be aware
of the primary processes through which drug change is conceivable in a biological
context.

In the beginning, adsorption of drug from the action site enables compound
entrance into the blood stream. After being absorbed, the drug can move across the
tissues and intracellular fluids where it is reversibly attached to receptors, and then
it may leave the bloodstream. Distribution describes this dispersion. While some
medication molecules attach to receptors, others may escape from the receptors and
enter the bloodstream once more. Drug metabolization, also known as biochemical
alterations or metabolism, can occur in the liver or other tissues as a result of drug
particles in the blood stream. The medication and its by-products are then elimi-
nated from the body through feces or urine. Both metabolism and excretion are
methods of removing drugs from the body.

Multiple doses must be taken daily in order to attain and sustain optimal thera-
peutic effective plasma concentrations, which may result in considerable changes in
plasma levels. The decrease in drug level below the minimum effective concentra-
tion (MEC) or its raising above the maximum safe concentration (MSC) results in
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the variations in drug plasma levels. Such may lead to undesirable side effects or a
patient who does not receive the anticipated therapeutic benefit.

Although the phrases continuous release and controlled release are commonly
used concurrently, they refer to two distinct types of drug delivery systems.
Sustained release drug delivery is a way of prolonging the effectiveness of a response
by gradually releasing the medication, usually at the cost of a medicine’s delayed
onset and pharmacological potency. Controlled release dosage forms are developed
to disperse the medication at certain release rates within a specific period of time,
which is more sophisticated than just prolonging the release rate. Targeted delivery
systems are sometimes referred to as controlled delivery systems since they provide
spatial control of medicine distribution to a specific location in the body.

1.2 Objective of Controlled/Sustained Release Formulations

CRS is regarded as a delivery system with the objective of therapeutic application
of medications at the site of action for a predetermined amount of time at a pre-
controlled pace. It is well recognized that the release system formation is mandatory
for the proper maintenance of amount of drug in plasma while achieving the neces-
sary therapeutic impact. Studies have demonstrated that the use of CRS has a num-
ber of benefits, including better drug exposure control, evaluating drug permeability
across the barriers of biological system, assuring that the drug will reach the
intended site of action, and preventing early removal of drug compound [4].

The thorough understanding of biological characteristics, including as age, body
weight, sex, ethnicity, physiological processes, and pathological condition, that can
affect how a medicine is absorbed and removed from the body is another goal of this
chapter. For instance, due to their underdeveloped liver function and increased
amount of water in the body, newborns must be handled carefully while dosing.
Patients who are elderly may experience decreased sensitivity of several receptors,
which could result in insensitivity to some medications. It has been discovered that
individuals from various ethnic groups react to medications differently. For hyper-
tension Black individuals, beta blockers are preferred to diuretics and calcium chan-
nel blockers, but beta blockers are more effective for hypertensive Caucasian
patients. By changing the physiological mechanism, pathological alterations may
have an impact on the drug’s distribution and bioavailability. The clearance of many
medications will be impacted by decreased kidney and liver functioning [5].

1.2.1 Merits of Sustained and Controlled Delivery

For a number of reasons, the development of CRS is seen to be an intriguing topic.
First, new techniques are now capable of delivering genetically modified products,
like as altered amino acid chain, to certain locations of action without triggering the
body’s immunity or causing them to become biologically inactive [6]. Second, by
properly targeting the therapeutic molecule, the dosage for cancer therapies and
diseases caused by enzyme deficiencies can be reduced. Many nanomedicines are
being developed now, and many of them have a CR profile. These include
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formulations based on genetic material, dendrimers, solid lipid nanoparticles, poly-
meric nanoparticles, carbon nanotubes, and liposomes. To deliver the drug for vari-
ety of illnesses, these formulations demonstrated encouraging outcomes [7, 8].

1.3 Limitations of Sustained and Controlled Release
Dosage Form

The CRS has a number of other drawbacks, including as dosage dumping, toxicity,
and greater manufacturing costs. There are certain substantial drawbacks to these
delivery methods that must be ignored. One of them is the toxicity that needs to be
taken into account when creating CRS. Many medications intended for the sus-
tained or CR recently exhibit possible harm. The dumping of doses is yet another
serious issue [9].

For instance, if a single dose of CRS medication is skipped by the cancer patient,
it might have serious consequences. In order to insert, implant, or remove many
CR-based devices, surgical procedures are required. The surgical procedures are
rarely pleasant for patients and can place an additional financial load on the patient.
Designing and developing of CRS-based systems can be used strategically in the
pharmaceutical sector to extend the unique drug items whose patents get expired [ 10].

A common situation is changing a medicine formulation that is currently on the
market and requires many daily doses to once-a-day dose to maintain command
over the generic rivals. Some medications need regulated delivery since fast release
dose forms cannot produce the desired pharmacological effect. These involve lipo-
philic bioactive that require increases in solubility to get satisfactory clinical results,
whereas hydrophilic medicines require a softer release and a longer duration of
action. Additionally, medications with a short half-life that require regular intake
and medications with a non-specific effect that need to be delivered to target areas
are some other examples.

1.4 Rationale for the Design of Controlled Release System

Controlled release drug delivery systems (CRDDS) are thought to be fundamentally
motivated by the alteration of both pharmacokinetic and pharmacodynamic proper-
ties. This can be accomplished in one of two ways: either by utilizing novel drug
delivery systems or by changing the drug’s molecular structure and/or physiological
properties in a way that maximizes its effectiveness while minimizing side effects
and treating the disease [11].

Research and studies have typically demonstrated that a drug’s pharmacokinetic
qualities depend more on the parameters of the delivery mechanism being utilized
than they do on the drug itself. The pharmacokinetic and pharmacodynamic profiles
of pharmaceuticals which have provided time-based dynamic profiles connecting
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the amount of drug and its target, considering it as a necessary process of develop-
ing new delivery options [12].

In general, CRS aims at the fulfillment of patients’ compliance requirements
while ensuring the safety of medications and increased efficacy. Since medications
must attain the easy penetration into biological barriers, prevent abrupt waste
removal, and be carried to the appropriate targeted site where drug plasma levels
must be exceedingly managed throughout timely with the lowest possible dosage
frequency in order to achieve those goals [13].

Every drug has a distinct therapeutic plasma concentration (TPC), with lower
concentrations resulting in inadequate effectiveness and higher amounts having
potentially dangerous adverse effects. Each medicine has a distinct dosage (D) and
dosing interval (t), which distinguishes it from other drugs [4].

The therapeutic efficacy and drug release kinetics are both improved by CRS; as
shown in (Fig. 1), an increase in drug levels in the blood is due to stability between
the least and most efficacious levels that is known as the effective range. The pro-
cess by which the product’s active ingredient is released is referred to as drug
release. Depending on the CRS, the drug release profile, which comprises burst
release, lag followed by sudden rupture, zero order, pulsatile, and diffused CR, will
be altered (Fig. 2). The zero-order style of release was supplied by ideal CR drug
delivery systems. When set in the distributing medium, a majority of preparations
released a large amount of the therapeutic ingredient immediately, even before the
rate of release of drugs is controlled. In essence, this occurrence is referred to as a
“burst release.” The burst release phenomenon typically results in a greater initial
dose of the medicine being delivered while shortening the lifespan of the delivery
device. A release of drug with a well-defined lag time is represented by a pulsatile
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drug release mechanism. It has been established that these systems have advantages
over other kinds of systems. The symptoms of several diseased conditions include
myocardial infarction, bronchial asthma, hypertension, angina, and rheumatic dis-
eases [14].

The drug molecule that has been dissolved diffuses via the rate-controlling ele-
ment in a diffusion-controlled drug delivery system. Thus, in such a system, the
rate-controlling component is insoluble, nonerodible, and non-degradable. Diffusion
is useful in a wide range of controlled drugs administration systems [15]. When a
material undergoes from a higher concentration levels to a lower concentration lev-
els, the phenomenon of this movement is known as diffusion mechanism and is also
regarded as the primary cause of CRS. Drugs accumulate and subsequently released
via this process into a matrix of insoluble polymer of inert water, which is often
termed as the reservoir system or, more colloquially, as the polymeric matrix, in the
CRS acting by the diffusion mechanism (monolithic systems).

Diffusion CRS can be broadly categorized into four categories depending upon
the architecture of the systems and the drug loading technique. There are different
forms of diffusion systems, such as monolithic dispersion and monolithic solution,
as well as continuous drug source reservoirs and discontinuous drug source reser-
voirs [16].

The full dose of a medicine enters the general circulation when it is administered
intravenously. An intravenous dose of an injection ensures the quick attainment of a
higher concentration, which may be necessary for some medications but is not rec-
ommended for others and may cause toxicity and side effects. When a medication is
taken into its single dose, it keeps the concentration more than the minimal thera-
peutic concentration for a while, giving the action a finite duration before declining
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and having no further therapeutic effect. The medication concentration will exceed
the maximal therapeutic concentration if a double dose is given, causing toxicity
and undesirable side effects. The release leads to therapeutic concentration stability
prolongation within the predetermined range as shown in (Fig. 3) [17].

2 Factors Influencing the Design of Controlled/Sustained
Release System

CRS is dependent on their designing procedure on a number of parameters that
researchers and formulators need to take into consideration before moving forward
with the process of developing CRS-based drugs. The physicochemical characteris-
tics of a medication, including its soluble nature, charge, and partitioning coeffi-
cient, as well as its proclivity for protein binding, are among the most critical
considerations, since they all perform a significant influence in the development and
efficacy of systems. This makes them one of the most important factors [18]. The
method by which the medicine is administered is another crucial consideration. The
enhancement of the release site and action now makes use of technological ways,
which assist the implementation of the correctly functioning. The controlled release
system (CRS) is a mechanism or device designed to deliver drugs or therapeutic
agents in a controlled and sustained manner over a prolonged period. While CRS
offers numerous advantages in drug delivery, certain limitations can affect its per-
formance. These limitations are often associated with physiological factors that
influence drug absorption, distribution, and clearance within the body. Some of the
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commonly reported limitations include first-pass metabolism, blood supply, the
motility of the GIT, and the sequestration mechanism of the small foreign parti-
cles [19].

It is vital to increase the proportion of the dose to the maximum at the specific
target site of action in order to prevent any potentially negative consequences from
occurring. This is something that might be possible to do with the use of locally
administered medications, while in other situations, the utilization of carriers might
prove to be beneficial. However, as the vast majority of medications have big mol-
ecules, they are limited by their impermeability across most surfaces. Because of
this, intravascular or intra-arterial administration is the only viable option for deliv-
ering these treatments [15, 20].

The anticipated cure, the extent of illness control, and the necessary duration of
drug therapy must all be taken into account while creating CRS. These consider-
ations are essential [21]. Furthermore, it was shown that the pathological alterations
contributed to the choice of the best drug delivery system designing. When develop-
ing the CRS, it may be useful to link clinical symptoms with biochemical indicators
of illness, as is the case with specific cancer biomarkers including specific enzy-
matic expression, lower extracellular pH, and hypoxia. This is the case in the exam-
ple of the unique tumor biomarkers. It has been demonstrated that several different
compounds are capable of producing selective cytotoxicity in hypoxia cells through
the process of reductive activation. A few examples of these agents are nitro com-
pounds, quinones, and aromatic N-oxides, such as mitomycin C [22, 23].

The development procedure of CRS has been demonstrated to be impacted by
the patient-related factors as well, regardless of whether the patient is fatty or not,
mobile or immobile, along with other linked qualities while this remains unaffected
by the patients age. For instance, on delivering drug intramuscularly into a mobile
patient’s body, it is possible that it will behave differently than if it were to be
administered subcutaneously into a patient who was bedridden. However, some
more elements can be uniquely related with a single patient, in which case variances
remain uncontrolled throughout the research phases. On the other hand, other fac-
tors are important to be considered during the process of CRS formulation. Our
discussion in this chapter is mostly centered on the characteristics of medications
and the many ways they might be given to patients, despite the fact that the CR of
drug delivery is affected by a wide variety of parameters [15].

The primary subjects of a discussion on the impact of the drug’s properties and
route of administration on the design of CRS are the activity of the drug in the car-
rier system, which is also termed as drug release, and both the drug and carrier
system activity or their presence at the action site. Initially, it discusses the impact
of the drug’s physicochemical attributes on the features of its release from the car-
rier system, whereas the second principle is complex as it highly depends on the
drug’s pharmacokinetic profile. The features of the drug’s release delivery method
are what both the basics explain [1].

It is generally agreed that the rate-limiting phase in the administration of phar-
maceuticals is the process by which a medication is absorbed across one of the
biological membranes of the body, such as the wall of the gastrointestinal tract (GI).
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When a CRS is being used, the step that is deemed to be the rate-determining step
is not the absorption of the medication but rather the release of the drug from the
dosage form. Therefore, rather than absorption, which is a significantly lower rate
than the drug’s intrinsic absorption rate, bioavailability is determined by the kinetics
of drug release [17].

When creating CRS, numerous different methods are utilized, such as dissolv-
ing, swelling, diffusing, applying osmotic pressure, ion-exchanging, complexing,
and magnetic field application. The relationship that exists between the physio-
chemical qualities of the medicine and the parameters of the delivery method is
what determines the temporal pattern of the drug’s release.

3 Physiochemical Properties of Controlled/Sustained
Release Systems Influencing Design

The CRS is influenced by a number of physicochemical characteristics as described
in Fig. 4.

3.1 Molecular Weight and Diffusion Constant

It has been found that absorption of drugs with lower molecular weights is more
quick and complete than those with higher molecular weights. The process of pas-
sive diffusion was demonstrated to be responsible for the absorption of around 95%
of the pharmacological medicines. One definition of “diffusivity” is “the power of a
drug to diffuse within a biological membrane.” “Diffusivity” is the term used to
describe this capability, which has been proven to be inversely related to the mole-
cule’s size [24]. Additionally, drugs that are delivered via sustained release (SR)
systems must also be able to diffuse through the biological matrix. When calculat-
ing the value of diffusivity, one of the most significant factors that comes into play
is the molecular weight of the substances being diffused (D). It has been found that
the value of D is connected to features such as the dimensions and contours of the
cavities, in addition to the medications themselves. In most cases, the values of the
diffusion coefficient for pharmaceuticals with molecular weights ranging from 150
to 400 Da were reported to fall somewhere in the range of 1026-1029 cm?'s.

On the other hand, the values were found to be extremely low and difficult to
quantify for big pharmaceuticals with a molecular weight of more than 500, which
is to say that they were less than 10,212 cm?s. As a result, it is reasonable to antici-
pate that medications with high molecular weights will have a very sluggish rate of
release from SR devices. In these devices, the release of these medications through
the matrix is accomplished by the releasing mechanism [18, 25].

Studies have indicated that medications with larger molecular mass, such as pro-
teins and peptides, are not an ideal choice for oral CRS. This applies to both of these
types of molecules. Experiments have also indicated that the maximum molecular
weight of 600 Da for medications is developed through passive diffusion for oral
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administration. This is the upper limit of the molecular weight range for these drugs.
In many polymers, the diffusion coefficient of medications with a molecular weight
more than 500 Da is frequently so modest that it is difficult to calculate. This is the
case for many types of chemotherapy drugs. Therefore, it is reasonable to anticipate
that high molecular weight medications will exhibit extremely sluggish release
kinetics in extended release devices that use diffusion across polymeric membrane
or matrices as the mechanism for delivering the drug [26].

3.2 Solubility in Aqueous Medium

Due to their high level of solubility in aqueous environments, pH-independent phar-
maceuticals become excellent choice for the formulating oral CRS. The minimum
solubility limit of pharmaceuticals that are exhibited to be made as CRS has been
determined by researchers to be 0.1 mg/mL, and this limit is relatively equivalent to
this value. The solubility of a drug is the primary factor that is considered when
selecting the appropriate mechanism to be used for CRS. For instance, certain dif-
fusional methods are not appropriate for pharmaceuticals that have a low solubility
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in water. The dissolving rate can limit the amount of a drug’s absorption that it gets
due to its poor solubility profile. Because of this, the device use to control release
was unable to exert any influence over the process of absorption; hence, these medi-
cations are not considered to be good candidates for such CRS [27]. The biophar-
maceutical classification system, also known as BCS, is a technique that makes it
easier to determine the relative importance of three parameters that influence oral
absorption of medication: solubility, dissolution, and intestinal permeability.
According to the BCS, medicines that are placed in class III (high solubility-low
permeability) and class IV (low solubility-low permeability) are considered to be
poor candidates for being manufactured as a CR dosage form. This is because of the
low permeability of the drug [28, 29].

33 pH and pKa Values

The pKa values of basic medications range from 7.0 to 11.0, whereas the pKa values
of acidic drugs fall somewhere in the range of 3.0 to 7.0. A medication is said to be
acidic if the pH affects how it ionizes. For there to be an ideal quantity of absorp-
tion, the drugs must be in the unionized form at the required absorption site prefer-
ably to the range that varies from 0.1% to 5%. Drugs that are mostly found in their
ionized forms are typically considered to be poor choices for developing CRS
[30, 31].

34 Partition Coefficient

When it reaches different parts of the body, the medicine must be able to pass
through a variety of biological matrix so as to get the appropriate therapeutic action.
Oral administration of the drug is one method of delivery. It has been demonstrated
that these matrixes are generally made up of lipids; hence, it is important to deter-
mine the partition coefficient of oil-based medicines as they play crucial role in
determining the membrane barrier penetration capacity [15, 32].

It is usual practice to utilize the coefficient of partitioning, denoted by “P,” to
characterize equilibrium of drug concentration in two phases.

The amount of medicinal substance in oil phase

The amount of medicinal substance in aqueous phase (D

The partition coefficient (P) is calculated using the formula (Eq. 1), where the
medicinal substance amount in the oil phase is provided as C,; and the medicinal
substance amount in the aqueous phase is given as Cyyer-

If the value of log P is equal to zero i.e., the amount of medicinal substance is
equal in both phases, the medicinal substance is said to be lipid-soluble. Likewise,
if log P > 0, the medicinal substance is said to be lipid-soluble. For instance, diaz-
epam has a log P value of 2.82, and acetohexamide has a log P value of 1.72. If the
medicinal substance log P < 0, then it is thought to be water soluble. For instance,
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acarbose, which has a log P value of —6.8, and metformin shows the log P value
of —2.6.

3.5 Permeation Ability

The three basic drug characteristics that govern drug penetration by passive diffu-
sion through the intestinal walls are log P, expressed lipophilicity, and molecular
size [33, 34]. Furthermore, the number of H-bond acceptors and donors on the drug
molecule determines the polarity of the therapeutic agent also considered as deter-
mining factor for its permeation through the biological barriers.

3.6 The Mechanism Behind Absorption and Its Location

For example, a number of different types of vitamin B aren’t ideal choices for the
formulating CRS since they are preferably absorbed by carrier-mediated transport.
Vitamin B12 is a vitamin that solubilizes in water and is required for a variety of
metabolic processes and the avoidance of a variety of medical issues, the most prev-
alent of which are blood-related illnesses and neuropathies that are related to the
spinal cord. When vitamin B12 is consumed in its free (or unbound to proteins)
state, it binds to a transporter protein called transcobalamin I or R-binders. Salivary
glands in the oral cavity and stomach epithelial cells are both which release this
protein. [35]. As the formulators has to control/modify the release rate of the thera-
peutic agent from CRS, consideration of absorption mechanism and site must kept
at the focal point when optimizing the release rate.

3.7 Drug Stability

The existence of physiological fluid in close proximity to a medication molecule
may have an impact on the stability of the drug after it has been administered to a
patient. It is possible for drugs to undergo chemical degradation owing to metabolic
processions as well as degradation due to the enzymatic action depending on its
exposure with different biological sites, both of which lead to a reduction in the
activity of the drug molecule. Because of the related challenges with bioavailability,
it is not possible to develop Gl-unstable medicines in form of CRS that are taken
orally. For such unstable drugs it is better to utilize an alternative route of adminis-
tration which provides the better stability of the incorporated drug resulting in better
control over the release of drug i.e., topical/transdermal administration. Enteric
coating of drugs unstable in gastric pH might bypass the acidic environment of the
stomach and instead release the medication in the intestine [36].

Conversely, Gastro-retentive systems might be an effective strategy for the drugs
which shows marked instability in intestinal region. Gastro-retentive systems are
well capable to prolong the gastric emptying time for maintaining the potency of
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incorporated drug in the stomach for better absorption [37, 38]. Modifying the
chemical structure of a medication and the process by which it is formed into a
prodrug is an additional strategy for preventing the pharmaceuticals from being
broken down by enzymes [39, 40].

3.8 lonization

Many medications are manufactured as weak electrolytes, with the degree of ioniza-
tion governed mostly by the solution’s pKa and pH values. This is because weak
electrolytes are more easily dissolved in water. In the scenario of transcellular pas-
sive diffusion, the GIT functions as a straightforward barrier of lipophilic proper-
ties. In this situation, ionized molecules are thought to be more water soluble and
have lower lipid solubility than unionized molecules, which are lipid soluble.

Ionized material => Greater hydrophilicity => Lower transport through biological
membranes
Unionized material => Greater lipophilicity => Higher transport through biological
membranes

There is evidence that pH levels have an effect on the total partition coefficient of
ionized molecules. When it comes to ionized pharmaceuticals, the value of log P is
determined by the pH of the solution. As a consequence of this, the log distribution
coefficient, also known as log D, is typically utilized rather than log P at various pH
values as a method of estimating or predicting the absorptive potential of the drug.
When measuring log D, it is important to report the values of pH as well. Despite
this, it was found that the readings corresponded in a typical way to the determina-
tions that are made at a physiological pH of 7.4 [1, 41]. The log partition coefficient
of the drug in the unionized form and at a certain pH is denoted by the notation Log
D. Log D measures how well the drug separates into its components. The relation-
ship between the overall partition coefficient and the distribution coefficient is mod-
elled in the following equation, which is denoted by (2).

D=P(l-a) (2

where, « is a variable that represents the degree to which the medication is
ionized.

4 Pharmacokinetic Factors Influencing the Design
of Controlled/Sustained Release System

When it comes to developing the most effective method of medication administration,
pharmacokinetics offers the time course of the interaction between the drug concen-
tration and the target. When examining a drug’s pharmacokinetics, the plasma
drug concentration lies within the therapeutic window 1i.e., ranges between the mini-
mum effective concentration (MEC) and the minimum toxic concentration (MTC).
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Deviations from this range can cause undesirable side effects or sub-therapeutic effect
which prevent the patient from receiving the therapeutic benefits that were intended
for them [42]. In order for a drug to be bioavailable, the step that slows down the pro-
cess the most is absorption; however, in the case of CRS, the step that slows down the
process is the release of a drug from its dosage form. CRS is well-known for its capac-
ity to prolong and keep the drug’s concentration within its therapeutic range for a
longer period of time. This is done in order to increase the drug’s exposure to its fullest
extent at the site of absorption. It has been demonstrated that well-designed CRS sys-
tems exhibit characteristics such as a prolonged/pre-determined residence time that is
in line with expectations and controlled drug release mechanisms. In order to design
an effective CRS, it is necessary to have in-depth knowledge of the processes of
absorption, distribution, metabolism, and elimination of a drug. CRS is essential due
to the fact that immediate release dosage forms are unable to produce the desired
pharmacological effect. Every pharmacokinetic parameter has a range of values that
can be used for the design of a CRS, but once you move outside of that range, it
becomes difficult or even impossible to design a CRS. The assumption that the level
of drug in blood or body tissue is proportional to the biological activity of the drug
will be made throughout the remainder of this discussion [43].

4.1 Absorption

In a CRS, it is necessary to have efficient absorption because the drug releasing rate is
the step that is the rate-limiting factor. It is not a good candidate for CRS if a drug is
absorbed through active transport, if it is absorbed slowly, or if it is absorbed from a
specific region of the GIT. This is because continuous drug release typically results in
drug substances that are not absorbed as well as accumulated drug substances. In order
to maintain a constant drug levels in the blood, it is necessary for the CRS to release the
drug and then absorption of the released drug in an even and consistent manner. For a
variety of reasons, including degradation of the drug by solvolysis or metabolism, physi-
cal loss, protein bindings, and dose-dependent absorption, the amount of drug that is
absorbed from a conventional drug delivery system can be quite low at times [44, 45].

4.2 Distribution

The distribution of drug absorbed into the systemic circulation causes a reduction in
the amount of drug which is biologically available for therapeutic action, it is an
essential component of the kinetics of drug elimination. Protein binding is the rate-
limiting element in the distribution of the medication. This causes a reduction in the
free amount of the drug in the blood, which in turn renders the drug inactive in terms
of both its distribution and its pharmacological activity. The apparent volume of
distribution is a hypothetical volume of the body in which the drug is spread, and it
serves as an illustration of how the medication is distributed throughout the body.
The apparent volume of distribution has an impact on the concentration of the



