We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

9,800 142,000 180M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Selection and Role of Polymers for
Designing of a Drug Carrier

Pankaj Sharma, Vinay Jain and Mukul Tailang

Abstract

Polymers have helped to develop drug carrier technologies by allowing for the
regulated release of bioactive molecules in consistent dosages over extended periods
of time, cyclic dosing, and adjustable delivery of both hydrophobic and hydrophilic
medicines. Formulations are released in a coordinated and consistent fashion over
long periods of time. Polymers going to act as just an inert carrier whereby a sub-
stance can be conjugated having significant advantages. For instance, the polymer
enhances the pharmacodynamic and pharmacokinetic characteristics of biophar-
maceuticals in a variety of ways, such as plasma half-life, reduces immunogenicity,
increases biopharmaceutical consistency, enhances the solubilization of low-molec-
ular-weight substances, and has the prospects for targeted delivery. Smart polymeric
delivery systems, in instance, have been investigated as “smart” delivery methods
capable of releasing encapsulated pharmaceuticals at the right time and place of
activity with respect to certain physiological stimuli. The development of novel poly-
meric materials and cross-linkers that are more biocompatible and biodegradable
would expand and improve present uses. Polymer sensitivity to a particular stimulus
may be tuned within a limited range because of the diversity of polymer substrates
and their sequential production. The methods through which polymer frameworks
are formed iz situ to construct implanted systems for continuous release of medicinal
macromolecules are discussed in this chapter, as well as numerous applicability of
enhanced drug delivery.

Keywords: polymeric material, drug delivery, thermally responsive, smart polymer,
glucose, enzyme, oxidation-reduction

1. Introduction

Since the 1980s, researchers have been working on polymeric drug delivery systems
[1-4]. Several of the frontier scientific fields are the hunt for novel medication
delivery mechanisms and novel action mechanisms. These include multidisciplinary
research techniques that aim to make significant improvements in therapeutic
efficacy and bioavailability just at point of medication administration [5, 6]. One or
more traditional medication delivery mechanisms are combined with engineering
technologies in a drug delivery system. The technologies allow for precise targeting of
the place in the body where a medicine has been delivered and/or the pace at which it
has been released.

1 IntechOpen



Drug Carriers

Short half-lives, low bioavailability, and physicochemical instability are all common
limitations of biopharmaceutical therapies. Physiological instability is characterized by
changes in the highly organized structure of proteins, which can result in undesired events
including denaturation, aggregation, and precipitation. The chemical instability of
pharmaceuticals is exacerbated by processes including such oxidation, deamidation,
hydrolysis, and racemization. Stimulus-responsive polymers provide a pharmaceutical
delivery mechanism for delivering pharmaceuticals at a regulated pace and in a durable
and physiologically functional state. Research in stimuli-responsive polymers has grown
over the years, and a lot of effort has gone into designing eco-friendly macromolecules
that may be molded into novel smart polymers [7]. A composition or platform that
allows the administration of a medicinal chemical into the body is known as just
polymeric drug carriers. By regulating the pace, duration, and location of medication
distribution in the system, it increases its effectiveness and safety. There in previous
two decades, delivery of drugs has progressed significantly, but regulating medication
entrance into the system, particularly the brain, has remained a tough challenge. Recent
development in investigations of nano-drug delivery system distribution across the
blood-brain membrane via carrier-mediated carriage is starting to give a reasonable
basis for directing medication delivery to the brain. Natural materials such as amino
acids, hexose, peptides, monocarboxylate, and stem cells are transported over the
blood-brain membrane via ingestion transporters [8-10]. In the type of biomaterials
with liposomes, polymers in reservoir-containing drug delivery applications have made
tremendous development. Additional applications of the polymers include diffusion-
based drug delivery systems and solvent-triggered/activated drug delivery systems.
Drugs are dissolved in a non-swellable solution or a completely inflated matrix that does
not breakdown throughout their engagement period in diffusion-based drug delivery
applications. Whenever subjected to an aquatic media, solvent triggered materials
such as hydrogels expand and release the medication. They are naturally hydrophilic.
Because of their well-engineered polymeric by the changes in the underlying reasons of
the biological function, biocompatible polymers provide a safe pathway for medication
transport. Biodegradable polymers disintegrate owing to the breakage of covalent bonds
among them, whereas bioerodible polymers cause degradation of the polymer owing
to the dissolving of connecting strands without causing any changes in the molecule’s
chemical properties. Aqueous soluble, safe, as well as non-immunogenic polymers are
being used as therapeutic carriers. They act in the background to reduce medication
breakdown and increase circulation time. Another crucial consideration is the drug’s
appropriate elimination. If indeed the polymer is non-degradable, it really should be
avoided accumulating in the body, and if it is biodegradable, the fragmented elements
should be safe and not cause an immune reaction. Polymers that resemble important
biological respond to environmental stimuli such as changes in pH or thermal by
altering features such as solubility, hydrophobic/hydrophilic equilibrium, biomolecule
(pharmaceutical component) releases, as well as configuration [11, 12].

The polymeric medicinal delivery compositions are classified into several classes,
such as, biodegradable (chemically-controlled), diffusion-controlled, externally-
responsive systems (e.g., temperature pH,) [13], solvent-actuated [14] and nanosized
polymeic delivery platform that accomplish in three prime technologies [15]: (i)
PEGylation [16, 17], (ii) active targeting of certain cells and organs [18-20] and (iii)
Increased permeability and retaining allows for passive targeting effect
[20, 21]. The more sophisticated polymeric therapeutic delivery technologies are
indeed being anticipated as multidimensional fully — featured systems that will enable
instantly improved pharmacokinetics, decreased toxicity, faster targeting, as well as a
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programmable drug release pattern. Furthermore, greater appropriate therapy might
be provided by combination treatment, which involves the simultaneous adminis-
tration of 2 or more medicaments/diagnostics substances [22-24]. In reaction to a
modest external/internal stimulation, a stimuli-reactive or smart polymer changes

its physical characteristics abruptly. Although minor changes take place in subjected
to external/internal stimuli stimulus until a crucial limit is found, and they have the
potential to revert to their original form when the stimulus is withdrawn, those poly-
mers are indeed known as smart polymers [25-27]. The uniqueness of these polymers
resides in their unpredictable reaction, which is initiated by a really tiny stimulus and
results in enormous structural changes. Different triggers responsible for modulating
the release of the drug using innovative polymeric drug delivery compositions are
depicted in Figure 1. Modifications in physical state, structure, solubility, solvent
interactions, aqueous soluble and lipid soluble equilibrium, and conductance are

all reversible transitions. The introduction of oppositely charged polymers or a

pH change to neutralize charged groups, as well as variations in the water-loving/
lipid-loving balance or hydrogen bonding owing to temperature differences, are the
driving factors underlying such transitions. Fewer dosage periodicities, simplicity of
preparation, preservation of optimal therapeutic level at a single dose, longer delivery
of integrated medication, decreased adverse effects, and increased stability are all
advantages of innovative polymer-based medicaments delivery systems [28-30].

Target
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sulphide)

Figure 1.
Stimuli and matevials that respond to them.
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A dynamic polymeric material can respond in a variety of ways. The breakdown
and development of numerous secondary interactions such as hydrogen bonding, van
der Waals forces, hydrophobic forces, and electrostatic interaction [31, 32] restrict
the responsiveness of such a polymeric solution induced by physicochemical stimuli.
Fundamental processes including acid-base reaction, reduction, oxidation, and hydro-
lysis of components linked to the polymer chain are examples of chemical processes.
Destruction of a polymeric structure owing to irreversible bond breaking in response to
external stimuli is one example of the significant conformational shift in the polymer
backbone. Biodegradability and biocompatibility; sustained-release characteristics;
drug-loading potential; the dearth of deleterious characteristics including systemic
toxicity, carcinogenic effects, immunogenicity, and reproductive toxicity; as well as out-
standing stability characteristics are all important characteristics of a smart polymer.

2. Criteria for choosing a polymeric system
2.1 Polymers with temperature sensitivity

These are polymeric frameworks that are susceptible to thermal fluctuations.
These polymers exhibit a gel-to-gel shift as temperature dependent, and can be
used to deliver medicinal compounds in vivo. This sort of system seems to have a
crucial temperature of the solution (usually in aqua) where the polymer and solution
phases shift according to respective content. The solubility of several polymers varies
dramatically as a result of ambient temperature. This characteristic was used to create
aqueous solutions of these polymeric materials that go through a sol-gel changeover
when the temperature varies. A maximum crucial solution temperature (MaxCST)
exists for thermally sensitive polymer blends that display one component above a
specific temperature with phase separation underneath it (MaxCST). Polymeric solu-
tions that seem to be monophasic under a certain temperature but biphasic beyond
that temperature are said to have a minimum crucial solution temperature (MinCST)
[33, 34]. The MinCST seems to be the temperature where a polymer solution divides
into two portions (anisotropic and isotropic states), abundant and deficient in the
polymer. Such solution also is monophasic under a certain temperature but biphasic
beyond that degree. The enthalpy parameter, which is connected to hydrogen bonding
here between polymer and the water molecules, is accountable for polymer break-
down underneath the MinCST. When temperatures are raised just above MinCST,
the entropy component (lipophilic contacts) takes precedence, resulting in polymer
deposition. Among the most biocompatible polymers with MinCST characteristics
includes poly (ethylene oxide). Nevertheless, based on the molecular mass, the
MinCST transition of poly (ethylene oxide) aqueous solutions happens at ambient
temperature, spanning between 100° C to 150° C. At minimum temperatures than just
the poly (ethylene oxide) MinCST, a polymer with ethylene oxide components and
hydrophilic sections (e.g. ethanol) would show phase changes. When a linear polymer
with small sufficient Ethylene oxide sections is utilized to avoid micelle production,
the precipitating from the aqueous phase can be thought about as a rapid MinCST
changeover. Furthermore, in the lack of intermolecular and intramolecular hydrogen
bonding, a continuous alternation of ethylene oxide-ethylene monomer copolymer
pattern throughout the polymer would result in a MinCST defined either by lipo-
philic/hydrophilic equilibrium.
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Poly(N-alkylacrylamide)s, Poloxamers, Poly(N-vinylcaprolactam)s, Chitosan,
poly (ethylene oxide)- poly (propyleneoxide)- poly (ethylene oxide), Cellulose,
xyloglucan, etc. are instances of thermally sensitive polymers (lactic acid) — tri
blocks of poly (ethylene glycol). Poly (N-isopropyl acrylamide) and Poly (N-alkyl
substituted acrylamides) with an annealing temperature of 32° C as well as poly
(Nvinylalkylamides) like poly (N-vinyliso-butyramide) with just an annealing
temperature of 39° C are perhaps the most extensively utilized thermally sensitive
polymers [7, 35].

2.1.1 Thermally responsive smart polymers’ mechanisms of action

The occurrence of a minimum crucial solution temperature (MinCST) above
which the polymer turns aqueous insoluble is generally the source of thermally-
responsive smart polymeric solubility. This is characteristic of polymers that create
hydrogen bonds with aqua, and it also has a wide spectrum of biological possibilities,
including cell mapping, smart medication delivery, DNA sequencing, and so on. The
chemical makeup of the monomers is varied throughout this strategy to regulate
the polymer thermal sensitivity in aqua. To accomplish this, a variety of polymers
centered on ethyleneoxide/ethylene monomer were developed and produced via
multiple condensation processes of polyfunctional ethyleneoxide/ethylene monomer
oligomers. The cloud point reflects the hydrophobicity/hydrophobicity balance
continuously and may be customized in the spectrum of 7-70°C by adjusting the
composition and polymer type.

The lack of organic solvents is an important benefit of such compositions. The
shrinking in the volume that emits a considerable quantity of an encapsulating
medication has been linked to the strong initial bursting impact of such approaches.
The solubility behavior of polymer grafted onto the silicon surface is identical. The
solubility cloud levels of grafting polymers are similar to those of bulk polymer solu-
tions, according to binding energy studies.

Thermally responsive smart polymers’ dynamic solubility is generated by
variations in the lipophilic/hydrophilic balance of the electron-deficient polymer,
which are triggered by rising temperature or ionic intensity. Because of hydrogen
bonds between aqueous molecules, electron-deficient polymers are soluble in
aqua. The efficacy of hydrogen bonding decreases even as the temperature goes up.
Whenever the effectiveness of hydrogen bonding is inadequate for macromolecule
immersion, a polymer phase transition occurs. A phase transition occurs whenever
the temperature of the water solution of innovative polymers is raised beyond a
particularly critical point. There is a formation of an aqueous phase with almost
minimal polymer and a polymer richer phase. The temperature at which a phase
transformation occurs is determined by the amount of polymer present as well as
the molecular mass of a polymer [35, 36].

2.2 Polymers with pH sensitivity

pH-Adaptive polymers are a class of stimuli-sensitive polymers that may alter their
structural and physical properties in reaction to variations in solution pH, including
surface properties, chain conformation, solubility, and arrangement. The phrase
“pH-reactive polymers” refers to polymers containing ionizable basic or acidic groups
where ionization is affected by the pH of the solution. In the latest days, the topic of
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pH-reactive polymers has grown in popularity, with scientific research being pub-
lished year after year. As either a result, pH-sensitive polymer systems are extremely
helpful in a broad array of applications, including gene delivery, drug administration,
surfaces, membranes receptors, and chromatography [37-39].

Polymers that respond to pH might be linear, branching, or networked. According
to their architectures, polymers may have varied sensitivities to solution circumstances
and variable self-assembly tendencies. A pH shift, for instance, might result in the
(de)protonation of functional moiety in the polymeric chain. It can produce floccula-
tion, strand collapse-extension, including deposition in homopolymers in certain
situations. It also might produce self-assembly in the forms of micelles, unimers,
gels, vesicles, swelling, and deswelling, among other things. Surface active behaviors
are demonstrated by pH alteration in block (co)polymers, branching (co)polymers,
and starry (co)polymers with pH-sensitive block(s). Furthermore, pH changes cause
(de)swelling in hydrogel as well as dendrimer-like formations. Surfaces altered with
polymers allow for the creation of ionic interfaces with thin/thick layers as a result of
pH changes. Figure 2 depicts the variations in polymers of various topologies caused
by pH changes.

pH Adaptive polymers are polyelectrolytes with weakly basic or acidic moieties
in their architecture that receive or liberate protons in reaction to variations in
the pH of the surroundings. Polymers containing acidic or basic groups, such
as carboxyl, pyridine, sulfonic, phosphate, and tertiary amines, are commonly
referred to as pH adaptive polymers because of ionization of the molecules with pH
variation causes a structural change. Their pH sensibility or ionization allows us to
modify its self-assembly behavior, wettability phase segregation, polyelectrolyte
character, and other properties, in complement to their biotechnological uses. It is
feasible to make a polymer with a pKa ranging from 1 to 14. pH Reactive polymers
having basic monomers behave like cationic polymers in acidic conditions, whereas
polymers having acidic monomers behave like anionic polymers in basic condi-
tions. Depending on the requirements, a few of these two types or a combination
of the two with the appropriate composition is necessary. Natural polymers, as
well as manmade polymers, have indeed been thoroughly investigated. Biopolymers
are by far the most widely investigated because of their richness in ecology, rapid
degradation, bio-compatibility, their potential to be modified. Polypeptides such
as poly(histidine), poly(L-glutamic acid), and poly(aspartic acid) can be used
to synthesize pH-reactive polymers. Such polymers are biodegradable and bio-
compatible, just like biopolymers. These biopolymers are quite significant among
pH-sensitive polymers [38, 40, 41].
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Figure 2.
Polymers that vespond to pH in a variety of ways.
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2.3 Polymers sensitive to two impulses (pH and temperature)

These really are polymeric frameworks that are thermal and pH-sensitive,
but they are created by combining ionizable with lipophilic (inverse thermo-
sensitive) moiety in a straightforward way [42]. Chitosan, acrylic acid, N,Ndime
thylaminoethylmethacrylate, and other polymers that really are thermal and pH-
responsive are instances. This is accomplished mostly by copolymerizing mono-
mers with all these molecules, integrating thermally responsive polymers with
polyelectrolytes, or developing novel monomers that adapt to both stimulation
concurrently [43, 44].

2.4 Polymers that respond to glucose

Glucose-sensitive polymers can imitate typical internal insulin production,
reducing diabetes problems and allowing for regulated delivery of the bioactive
chemical. These really are sugar responsive and exhibit a wide range of responses
to glucose. Although their applicability for both glucose monitoring and insulin
administration, such polymers have gotten a lot of interest. Despite these benefits,
the main drawbacks are the quick reaction time as well as the possibility of non-
biocompatibility. The following techniques have been used to build glucose-sensi-
tive polymeric-based formulations: enzymatic oxidation of glucose using glucose
oxidase, glucose binding using lectin, or reversible covalent bond creation using
phenylboronic acid molecules. Glucose responsiveness is caused by the polymer’s
reaction to the by-products produced either by oxidation (enzymatic) of glucose.
Glucose oxidase (GOx) is oxidized to form glucose to produce gluconic acid with
hydrogen peroxide (H202). Within the instance of poly (acrylicacid) coupled
with GOx mechanism, for instance, when blood glucose levels rise, conversion
of glucose to gluconic acid, causing a drop in pH enabling hydrogenation of PAA
carboxylate groups, allowing insulin to be released more quickly. Because its
release profile closely resembles that of internal insulin, this approach is gaining
popularity [45, 46].

Another technique makes use of lectin’s specific carbohydrate-binding charac-
teristics to create a glucose-responsive system. Lectins are bifunctional proteins,
and their glucose-biding function allows them to produce a variety of glucose-
sensitive materials. The responses of these mechanisms were unique to glucose and
mannose, with no reaction to certain other sugars. Concanavalin A is a 4 binding-
site lectin that has been widely employed in insulin-containing medication deliv-
ery. The insulin component is chemically changed by inserting functional moieties
(or glucose molecule) and afterward connected to a transporter or support via
particular interactions that can only be disrupted by the glucose it in this sort of
system. Concanavalin A competitive binding characteristic to glucose as well as
glycosylated insulin is exploited in the glycosylated insulin-Concanavalin A com-
bination. The bioactive unbound glucose moieties cause glycosylated Concanavalin
A-insulin complex to be displaced inside the surrounding structures. The produc-
tion of single-substituted glucosyl terminal PEG with insulin complex was also
described in other investigations. The G-PEG-insulin complex was covalently
coupled to Concanavalin A, which was connected to a PEG—poly(vinylpyrrolidone-
co-acrylic acid) framework, and when the levels of sugar grew, the competitive
attachment of glucose to Con A caused the G-PEG insulin complex to be displaced
and released (Figure 3) [47].
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Figure 3.
Polymers that vespond to glucose in a variety of ways.

2.5 Smart polymers with photo responsiveness

Photo-sensitive polymeric materials are useful in that they could transport
bioactive substances in reaction to light, including drug release happening nearly
instantly and with excellent precision due to photo-induced restructuring in
nano-carriers [48]. Three primary strategies were used to do this: This non-
invasive form of drug administration reacts to the lighting of a certain wavelength
and depends on either a single or multiple on-off drug release patterns [49]: (1)
photo-generated change of hydrophobic nature to hydrophilic nature, (2) photo
splitting reaction, and (3) photo-induced warming. Whilst also electromagnetic
radiations with wavelengths in the range from 250 to 380 nm (ultraviolet region)
and 700-900 nm (near-infrared region) are being used to stimulate photo-
sensitive responses, light with wavelengths greater than 900 nm is inappropriate
for delivery of drugs to certain parts of the human body, including the posterior
section of the ocular system, because it cannot permeate the ocular soft tissue.
Despite the fact that various polymers have been explored for ocular administra-
tion, several have been ruled out owing to chromophore intolerance and tissue
destruction from photostimulation [50]. In order to establish an osmolality of
a gel system, UV-responsiveness polymeric materials have been used in the eye
to trigger an ionization process in the exposed to UV light, culminating in drug
release through an inflow of solvent [51]. In another study, Viger et al. [52] used
light thermally release of drugs to show the liberation of aqueous nano-platforms
from watered poly(lactic-co-glycolic acid) (PLGA) micro-particulate system.
Whenever moisture was subjected to NIR light with a wavelength of 980 nm, the
photo-energy was quickly converted into thermal energy. The PLGA changed to a
rubbery condition as a result of the warming, allowing the Nile red or Nile blue to
be released from the micro-particulate system more easily. When compared with
untreated particulates, the substantial release was achieved, which was also shown
in vitro [52].

At the minimum one aqueous soluble area, at minimum one biodegradable part,
as well as at least minimum of two free radical polymerizable portions are included
in the macromers. Free radical activators polymerize macromers in presence of
UV irradiation, visible light stimulation, or heat energy. Poly (vinyl alcohol),

PEG, polysaccharides like hyaluronan, or peptides like albumin can make up the
core aqueous soluble area. Polymers consisting of polyglycolic acid, polylactic
acid, poly(anhydrides), polylactones, and poly(amino acids), may be used in the
biodegradable zones. Acrylates, methacrylates, diacrylates, and other physiologi-
cally acceptable polymerizable units are favored polymerizable areas. Ethyl eosin,
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camphorquinone, and acetophenone analogs, are examples of promoters that can be
employed to generate free radicals [53].

2.6 Enzyme sensitive polymeric material

Some fundamental guidelines should be followed while synthesizing
enzyme-sensitive polymers with biomedical utilization. Enzymes must work in
certain settings (e.g., an aquatic milieu having multiple ions with a pH of 7.4 or mildly
basic or acid), while enzyme-sensitive polymers must withstand these circumstances.
Apart from the availability of a substrate/substrate-mimic molecule for such focused
enzyme to respond, the focused enzymes’ operations must cause a variation in the
polymers’ characteristics for the particular activities to occur. The activity of the
enzyme and the reaction of the final substance can be performed concurrently or
in a step-by-step manner. For instance, proteins were used as a crosslinking agent in
the DNA nanoparticles, and proteases quickly degrade the protein, destroying the
nanoparticles [54]. In some other cases, enzymatic dissociation of a protective moiety
causes peptides generated from amyloid to fold, reorganize, and self-assemble form-
ing fibrillar clumps [55].

In live organisms, enzymes govern the bond generation and breakage, substrate
oxidation/reduction, as well as isomerization processes, with the first two chemical
reactions being exploited in the development of enzyme-sensitive materials. The bond
breakage process has been utilized to cleave protein as well as ester bonds with polymers
and/or tiny moiety, which really is important in controlled medication delivery with
implant biodegradation. The kinase/phosphatase combination, which catalyzes the
dephosphorylation/phosphorylation events here on substrates, might be employed to
build reversibly sensitive materials through enzymatic bond creation and breaking.

Chitosan, alginate, dextran, polyethylene glycol, polyacrylamide, and polyethylene
oxide have all been investigated as polymer matrices for the creation of enzyme-
sensitive systems (butyl methacrylate) (Figure 4) [56-58].

0
[ NS
0 0
Inactive drug Drug release from
polymer complex activated complex

Figure 4.
Polymers that respond to enzymes in a variety of ways.
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2.7 Oxidation and reduction sensitive polymeric material

Redox polymeric materials can be separated into reduction reactive systems
and oxidation reactive processes depending on the nature of a reductive stimulus.
Disulfide and diselenide connections are typically seen in the reduction reactive
system, which will be disrupted by considerable growth in the cost of nearby reducing
molecules such as GSH. Direct production of disulfide coupling and bridging with a
disulphide-containing crosslinking agent are basically two strategies for incorporating
disulfide coupling in the process. By live or regulated polymerization, disulfide could
be incorporated into the polymer as the oligomer (e.g. Reversible addition-cleavage
crosslinking polymerization and atomic transfer radical polymerization) [59]. The
thiol-disulfide interchange process, which is commonly utilized to create reduction
reactive prodrugs including genetic transporters, is another viable method with
gentler circumstances (e.g. at room temperature) than the controlled/living polymer-
ization [60]. To stop the drug leaking, polymeric micelles comprising
substances can indeed be crosslinked with covalently crosslinking agents (using bis
(2,2’-hydroxyethyl)disulfide, dithiodipropionic acid, and their derived products) and
afterward the disulfide conduits split to discharge the substances after the micelles
meet the goal [61]. Since the bond-breaking energies of the C-Se (244 k] moll) and
Se-Se (172 k] moll) bond formation are lesser than those from the C-S (272 kJ mol1)
and S-S (251 k] moll) bond formation, replacing the disulfide interconnection with
the diselenide connection is a simple approach to strengthen the responsiveness of the
redox-sensitive system. However, diselenide link insertion into a polymeric matrix is
more difficult than disulfide link formation, and more research into effective syn-
thetic techniques is needed (Table 1) [62].

Responsiveness Merits Constraints
Thermal Introduction of active moieties  Issues with injectability during application criteria.
is simple. Weak mechanical sturdiness, biocompatibility problems,
Manufacturing and and thermolablile medicine instabilities.
composition are easy.
pH Drugs that are thermolabile There is a scarcity of data about toxicity.
will benefit from this. Mechanical strength is low.
Light Managing the trigger Gel has a poor mechanical strength, which increases the
procedure is simple. risk of noncovalently bound chromophores seeping off.
Controlling the stimuli with
precision.
Electric field Variations in electrical charge Unpredictable behaviors to light.
cause pulsative releasing. Implantation via surgery is necessary.
External stimulus delivery necessitates the use of extra
equipment.
Perfecting the size of electric charge is challenging.
Ultrasound Protein release that can be Regulating the release using specialized equipment.
controlled. Non-biodegradable delivery systems necessitate surgical
implantation.
Mechanical Possibility of obtaining Managing the release pattern is difficult.
abrasion medication release
Table 1.

Several smart polymeric drug delivery technologies ave available [7].
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The reactive oxygen system, the result of aerobic metabolism, is what activates
oxidation reactive systems. Oxidation reactive materials include sulfur-based
compounds. To accomplish the lipophilic-hydrophilic shift, reactive oxygen moiety
can oxidize poly(propylene sulfide) (PPS) to generate sulphoxide [63]. The com-
paratively higher stability of sulfur in sulfur-containing substances is a fundamental
restriction, and the reaction to reactive oxygen may not be as sensitive. The addi-
tion of selenium to the polymeric materials, which will be more sensitive than
sulfur, improves the susceptibility of the reaction to reactive oxygen [64]. Owing
to its own oxidation responsiveness, ferrocene-containing polymeric materials are
another prominent family of oxidation reactive polymers [65, 66]. Ferrocene can be
inserted in the framework, side chain, and terminal unit of the polymeric materials.
Developing themes such as boronic ester moieties, oligoproline, and tetrathiafulva-
lene have been studied for the development of new oxidation-sensitive polymeric
substances to broaden the uses [67, 68].

3. Applications of specialized polymeric system
3.1 Drug delivery

The majority of bio-sensitive systems, notably those used in cancer therapy, rely
on regulated medication release. While significant advancements in chemotherapy
have resulted in the development of a number of novel medications for treating
cancer that has significantly improved patients’ prognoses and standard of living, a
key obstacle remains the treatments’ lack of compassion for neoplastic cells [69]. The
treatment impact of the anticancer treatment is harmed by the possibility of a deadly
systemic adverse effect and the development of resistant strains [70]. Continued
improvement of chemotherapy necessitates adequate drug release at the tumor site
as well as the avoidance of drug-carrier endosomal sequestration, and the develop-
ment of suitable stimulus-sensitive systems has shown tremendous promise in both
areas. This is attributable to the fact that tumor tissues’ milieu can produce a variety
of natural signals. For instance, tumor cells contain moderate acidity, significant
GSH (glutathione) levels, as well as a top-level of hyaluronidase [71], therefore pH-,
redox-, and enzyme sensitive drug carriers, as well as their combinations (to optimize
the release of drug efficiency), have been extensively studied. Blood serum albumin
(HSA)-coatedMnO2 nanomaterial’s as an adaptive transporter of cis-platinum is a
fresh example. The MnO2 combines with internal H202 just at tumor site to produce
02 in vivo, overcoming medicaments resistance caused by local hypoxic, while the
nanoparticles disintegrate in an acidic medium, releasing cis-platinum [72]. In another
layout, the water-soluble rhodamine B was covalently conjugated to the PDMAEMA
(Poly((2-dimethylamino)ethyl methacrylate) and via disulphide bond formation with
the lipophilic coumarin 102 physiologically encapsulated inside the nanogel, and the
hydrophilic rhodamine B has been covalently linked to the PDMAEMA via disulfide
bond formation with the lipophilic coumarin 102. The nano gel is swollen in an acidic
medium and shrinks at increased temperature to liberate the coumarin 102, whereas
decreasing DL-dithiothreitol cleaves the disulfide bridges to liberate the aqueous cargo
medication [73]. The development of bio-sensitive drug carriers for controlled release
has exploded in the past few decades, and additional improvements in release effec-
tiveness have resulted in dual and numerous systems that can carry several medicines
for programmable site-specific delivery of drugs. Pharmaceutical loading, persistence
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in a microenvironment, tumor-targetability, effective absorption of cancerous cells,
and controlled intracellular release of the drug are among the fundamental difficul-
ties in the delivery of drugs addressed by the many configurations of the bio-sensitive
delivery mechanism. Even though there are a lot of good studies, most of it makes a
specialty of the difficulties and still in the concept-proofing phase [74]. The challenges
are associated with most existing bio-sensitive drug delivery mechanisms, such as poor
drug loading efficiency, biodegradability, as well as the ability to remain circulatory
and concentrate in the target organs, must be overcome in order to convert the study
into practical practice (e.g. tumor). In contrast, more research into the subatomic scale
in vivo behavior of bio-sensitive systems, as well as the influence of systemic
physiological parameters on the release of the drug, is needed [74].

3.2 Biomaterials actuators and micro-fabrication

Designing microfluidic technologies for biochemical applications has proven
to be a difficult task, and a properly working valve is a critical component in these
technologies. Traditional micro-actuators are somewhat sophisticated components
that needed additional electricity to operate. The use of sensitive smart polymer
composites to govern flow eradicates this need for external power, output control, and
complicated fabrication ploys, allowing them to be integrated within microfluidics
streams and dwindle or perk up in response to an external stimulus, causing streams
to open or close. Photo triggered polymerization inside the stream of a microfluidic
chip that may be employed as a gate for changing; transmission, measuring, and
closing of a PCR reaction vessel produced monolithic plugging PNiPAAm complexes
using 5% methylenebisacrylamide. Because of their simple construction of sensors,
the kinetic studies of the volume phase change process as a feature of gel structure
and shape, the capacity of the sensors to thwart and supplant the transition between
two fluids, anisotropic bulging of a polymer, as well as the ability to adapt to changing
stimuli, responsive smart polymeric materials are the structural elements for micro-
fluidic devices. Thermally sensitive smart polymeric materials have also been utilized
to create “smart” affinities beads which can be transiently mounted on microfluidic
walls of the channel just above MinCST in order to acquire the target biomaterials via
its friendliness component. Proteomic functionalities, such as pre-concentration and
isolation of soluble proteins on an embedded fluidics device, have been enabled by
this technology. Many efforts were made to emulate live creatures’ effective transi-
tion of chemical energy to mechanical energy. The bio-inspired actuators might be
employed in future ‘soft’ technologies that are based on biological concepts rather
than mechanical ones. Because bio-inspired actuators can tolerate extremely hostile
conditions, they can also be utilized to pick up extremely small items in watery solu-
tions. By contorting a barrier that subsequently occludes an opening, a system built
on pH-sensitive smart polymeric discs of polymethacrylic acid-triethylene glycol
dimethacrylate (PMAA-EG) has indeed been utilized to control medication delivery.
The electronegative interpenetrating matrix (IPM) made of PVA with PNiPAAm was
studied in aquatic NaCl solution for its moisture content and carrying behavior with
electromagnetic current, with the goal of using it in bio-inspired sensors and devices
that respond quickly to exterior electric fields. The immobilized smart polymer’s
prompted manipulation of interfacial characteristics at the solid-liquid interface has
benefits in the development of microfluidics bio-analytical systems since they supply
the actuation pressure necessary for both valving and dispensing functionalities in
micro-dispensing gadgets [75-77].
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3.3 Diagnostic uses

Biomedicine research involves advancing our understanding of biology and the
processes behind physiological activity and disorders. As a result, in addition to illness
therapy, one of the most significant goals is diagnostics, wherein bio-sensitive materials
have shown promising potential in detecting low concentrations of biochemical, pro-
teins, and genes that act as sickness-specific indicators. Those indicators are typically
tested using high-cost chromatography techniques like high-performance liquid chro-
matography and gas chromatography-mass spectrometry, but using stimuli-sensitive
systems, easy, rapid, precise, and low-cost detection procedures may be established.

For instance, metallic nanoparticles with a size of 4 nm may greatly boost T1
distinction in magnetic resonance imaging; however, their aggregation led in T2
contrasting augmentation owing to in uniform magnetic field around the aggregates.
As a result, IONSs like these have been employed as a T2 contrast media to diagnose
liver disorders. They are, nevertheless, unsuitable for the identification of smaller
hepatocellular carcinomas that requires a good detection to improve the individuals’
average five-year rate of survival [78]. The fall in pH dispersed the aggregation of the
functional metallic nanoparticles when they were treated using i-Motif DNAs that
really can convert from unistranded to fused quadruple-helical structure in an acidic
medium. Because acidification of the tumor encouraged the breakdown of the metal-
lic nanoparticles aggregates and shifted the MRI signal between T2 to T1 augmenta-
tion to better the differentiation between hepatocyte and tiny hepatocytic carcinoma
tissues, tiny hepatocytic carcinoma may be diagnosed with these bifunctional metallic
nanoparticles [79]. pH-sensitive surfaces made comprised of nanoparticles with just
an amino group having a silane layer are another intriguing instance. In an acidic
medium, the amino groups are protonated, making the surfaces highly hydrophilic,
whereas in a highly alkaline, the surfaces become really hydrophobic. The amount
of glucose in the mouth and pee may be reliably determined in one second using this
surface via measuring the contact area of the liquid specimen, which is dependent
on the created gluconic acid following adding glucose oxidase to the specimen [80].
This non-invasive, economic approach of fast glucose measurement is useful for
overcoming the drawbacks of standard intrusive diagnosis of diabetes, including such
discomfort and infection hazard. While contemporary research has demonstrated
the stimuli-sensitive system’s potential and performance in preclinical testing for
diagnostic uses, the majority of the built systems do not fulfill the standards for
clinical usage. This is owing to the large variety of chemicals found in real specimens
collected from individuals with varying situations (e.g., various diets, ethnicities, and
lifestyles), which considerably affects the measurement’s specificity and stability [81].
Aside from identifying biochemical levels, constant monitoring and distribution centres
in human, both of which are challenging to perform, may be required. As a result,
motivated monitoring technologies are still in the early stages of development, and
more investigation is necessary before they can be used in clinical illness treatment.

3.4 Implants for cardiology

Creating actuators including such valves and levers out of the material, which
could be utilized as blood artery implants, is one potential application. To modulate
blood flow, the artery might be enlarged or constricted, also utilizing internal bio-
chemical impulses. The valves would’ve been placed into the blood channels of the
heart, or prosthetic muscular implants may be created [82].
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3.5 Mucoadhesive delivery using polymers

Hydrophilic polymers must be employed to construct the liquid ophthalmic
delivery mechanism since they may serve as a useful viscosity altering or boosting
agent. In the ophthalmic mucoadhesive delivery method, polysaccharides are often
employed. Hyaluronic acid, methylcellulose, hydroxypropyl methylcellulose, chito-
san, gellan gum, carrageenan, xanthan gum, and guar gum are some of its variants.
Chitosan is a polysaccharide polymer made up of polysaccharides. It is appropriate
for usage in medication compositions due to its biodegradability, low toxicity, and
biocompatibility [83]. Polyvinylpyrrolidone, poloxamer, and polyvinyl alcohol are
among additional non-ionic polymers utilized for mucoadhesive characteristics [84].

3.6 Cancer treatment using a polymer drug combination

The medications as well as the polymer have a physiologically labile connection.
Paclitaxel [poly(L-glutamic acid)] is a chemotherapeutic medication employed to
treat cancers of the ovary, breast, as well as lung. Phase III studies have been con-
ducted on it. Among its 2’hydroxyl unit and the carboxylic acid of poly(L-glutamic
acid), it possesses an ester bond [83]. To improve its efficacy as an antitumor targeted
drug delivery, Poly (amidoamine) and PEG is covalently attached with the chemo-
therapy medication Paclitaxel. Both improve the solubility of the substance. In an in
vitro investigation of mankind ovarian cancer cells, it was discovered that PEG-based
conjugates lowered paclitaxel activity by 25-fold, but the Poly (amidoamine)]-G4
dendrimer increased its efficacy by more than ten times [12]. The medication 5-fluo-
rouracil induces cell death. Some researchers created PLA nanospheres as an encapsu-
lating reagent for 5-fluorouracil [12].

3.7 Medicine and biotechnology

Smart polymeric materials may be chemically attached to bio-substances or
physically combined with them to create a vast variety of polymeric materials and
bio-molecular systems that really can adapt to physiological and chemical stimuli.
Oligosaccharides, Polypeptides, glucose and polysaccharides, solitary as well as
double-sided oligonucleotides, DNA plasmid, basic lipids and ligands, phospholipids,
as well as synthesized medicine compounds are examples of bio-substances that can
be polymer linked. Smart polymeric materials and sensitive surfaces that cope with
environmental stimuli are made with these materials. Smart polymers with size-
specific switches for turning proteins on and off were also studied. When a sensible
polymer chain is connected to a protein complex that is further away from active site,
the expanded polymer chain shields the active-locations, preventing bigger molecules
from attaching. These polymers operate as a molecular gatekeeper, limiting the types
of molecules that really can attach to proteins depending on their size [85].

3.8 Glucose level monitoring
The manufacture of insulin administration devices for the management of diabetic
individuals is a prime utilization of smart polymeric materials. Several technologies

have been used to give precise amounts of insulin at precisely the right moment, and all
of them include a glucose sensor, sometimes known as a “biosensor,” incorporated into
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Stimuli Drug Polymer Uses Goal/outcome of the
research
Thermal Exenatide PLGA-PEG-PLGA Diabetic type To create an injectable
responsive 2 treatment composition with a long-
acting effect [90].
Leuprolide Polybenzofulvene Fortreatment  External warmth is used to
of tumors preserve the oligopeptide
medication and modulate the
release rate [91].
pH Ketoprofen Poly(acrylamide)-g- Targeted Whenever the ph of the
responsive carrageenan and sodium distributionto ~ sample was changed from
alginate the colon acidic to basic, ketoprofen
release rose considerably [92].
Dauxorubicin Poly(ethylene glycol)- Survival time The rate of release can be
and paclitaxel block-poly (propylene is extended as enhanced by lowering the pH
glycol)-poly (ethylene compared to of the external surroundings
glycol) single-drug from acidic to basic [93].
treatment.
Glucose Insulin-Con A Methacrylate derivatives Insulin The findings showed
responsive  complex of dextran and delivery thatis  that insulin release was
concanavellin self-controlled  bidirectional in reaction to
varying glucose level, and also
that the insulin produced was
effective [94].
Sulphonamide = N,N(dimethylacrylamide) = Glucose- In such a buffered salt solution
and sulfadimethoxine responsive at pH 74, the gelatin displayed
monomer hydrogel bidirectional expansion as a
made of result of glucose content from
sulphonamide 0 and 300 mg/dL [95].
Enzyme Amyloid Chitosan The amyloid- In live organisms, enzymes
responsive derived govern binding and breakage,
proteins are substrates oxidation /
rearranged reduction, including
as aresult of isomerization processes,
this. with the first two chemical
reactions being exploited in
the development of enzyme
responsive substances [57].
Photo Cross linked Trisodium salt of copper The Photosensitive compounds
responsive  hyalouronic chlorophyllin enzymatic including such chromophores
acid hydrogel reaction are used to make visible light-
iswhat sensitive hydrogels [94].
drives the
prospective
application of
visible light-
responsive
hydrogels
for temporal
delivery of
drugs.
Table 2.

Several uses of advanced drug delivery systems.
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the mechanism. The word ‘biosensor’ refers to sensing devices that are used to detect
the number of chemicals and other biologically relevant analytes. mGlucose oxidase
(GluOx) is primarily employed in glucose monitoring and enables the use of various
pH-sensitive smart polymeric materials for regulated insulin administration [86, 87].

3.9 Surfaces that react to stimuli

Tissue culture techniques have leveraged the shift in surface characteristics of
thermally sensitive smart polymeric materials from hydrophilic well above threshold
temperature to hydrophobic underneath it. Human cells are grown on hydrophobic
solid culture plates and are normally separated from them using a protease therapy
that causes the cells to be damaged. Because of the close connectivity among cells and
cells, this allows for a high level of effectiveness whenever transplanted into individuals.
The intensity of each molecule’s reaction to variations in stimuli is a combination of
single monomer unit modifications that are weak on their own, and these modest
reactions combine to generate a force that drives biochemical mechanisms. Likewise,
the chromatographic matrix has been modified using surfaces with thermally respon-
sive hydrophobic/hydrophilic qualities. For protein-rich selectivity with minimal
non-specific couplings, thermally responsive size-exclusion chromatography is
utilized. Smart polymeric mats are distinguished by their non-linear behavior [88, 89]. A
minor stimulus can cause a substantial change in structure and characteristics
(Table 2). Once that shift happens, the polymer exhibits a predictable all-or-nothing
reaction with full homogeneity throughout [96].

4. Conclusion and future trends

The topic of stimuli-sensitive polymeric materials is quickly evolving, with
evidence of its pharmacokinetic and therapeutic usefulness in the delivery of drugs.
Stimuli-sensitive polymeric materials, which constitute an adaptive delivery strategy,
have been proven to effectively respond in the required manner to the associated
stimuli and are interesting prospects as a specific drug delivery option. Despite the
fact that most of these polymeric’ multifunctionality qualities enable for a variety of
health uses, stimuli sensitive polymeric substances have limited therapeutic potential
due to cytocompatibility and toxicity concerns. The enormous progress and different
benefits and prospects of stimuli-sensitive polymeric materials have been highlighted
in this chapter. Despite the various options that are already available, additional
research into healthier and much more biocompatible delivery mechanisms has still
been needed.
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