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Abstract: The best Candidates for control drug delivery system are drugs which show poor absorption from
the stomach or intestine including peptides. The drugs used in the treatment of IBD, ulcerative colitis,
diarrhea, and colon cancer are ideal candidates for local colon delivery. Conjugation of biological
(peptides/proteins) and synthetic polymers is an efficient means to improve control over nano scale structure
formation of synthetic polymeric materials that can be used as drug delivery systems. Other approaches to
drug delivery are focused on crossing particular physical barriers, such as the blood brain barrier, in order to
better target the drug and improve its effectiveness; or on finding alternative and acceptable routes for the
delivery of protein drugs other than via the gastro-intestinal tract, where degradation can occur. An advantage
of a transdermal drug delivery route over other types of medication delivery such as oral, topical, intravenous,

intramuscular, etc
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INTRODUCTION:

The method by which a drug is delivered can have a significant effect on its efficacy. Some drugs have an
optimum concentration range within which maximum benefit is derived, and concentrations above or below
this range can be toxic or produce no therapeutic benefit at all. On the other hand, the very slow progress in
the efficacy of the treatment of severe diseases, has suggested a growing need for a multidisciplinary
approach to the delivery of therapeutics to targets in tissues. From this, new ideas on controlling the
pharmacokinetics, pharmacodynamics, non-specific toxicity, immunogenicity, biorecognition, and efficacy
of drugs were generated. These new strategies, often called drug delivery systems (DDS), are based on
interdisciplinary approaches that combine polymer science, pharmaceutics, bioconjugate chemistry, and

molecular biology.
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To minimize drug degradation and loss, (Charman W.N.,et al 1999) to prevent harmful side-effects
and to increase drug bioavailability and the fraction of the drug accumulated in the required zone, various
drug delivery and drug targeting systems are currently under development. Among drug carriers one can
name soluble polymers, microparticles made of insoluble or biodegradable natural and synthetic polymers,
microchips (Santini Jr, J.T.,et al 2000), microcapsules, cells, cell ghosts, lipoproteins, liposomes, and
micelles. The carriers can be made slowly degradable, stimuli-reactive (e.g., pH- or temperature-sensitive),
and even targeted (Kopecek J.,2003) (e.g., by conjugating them with specific antibodies against certain
characteristic components of the area of interest). Targeting is the ability to direct the drug-loaded system to
the site of interest. Two major mechanisms can be distinguished for addressing the desired sites for drug
release: (i) passive and (ii) active targeting. An example of passive targeting is the preferential accumulation
of chemotherapeutic agents in solid tumors as a result of the enhanced vascular permeability of tumor tissues
compared with healthy tissue. A strategy that could allow active targeting involves the surface
fictionalization of drug carriers with ligands that are selectively recognized by receptors on the surface of the
cells of interest. Since ligand-receptor interactions can be highly selective, this could allow a more precise

targeting of the site of interest.

Controlled drug release and subsequent biodegradation are important for developing successful formulations.
Potential release mechanisms involve: (i) desorption of surface-bound /adsorbed drugs; (ii) diffusion through
the carrier matrix; (iii) diffusion (in the case of nano-capsules) through the carrier wall; (iv) carrier matrix
erosion; and (v) a combined erosion /diffusion process. The mode of delivery can be the difference between
a drug’s success and failure, as the choice of a drug is often influenced by the way the medicine is
administered. Sustained (or continuous) release of a drug involves polymers that release the drug at a
controlled rate due to diffusion out of the polymer or by degradation of the polymer over time. Pulsatile
release is often the preferred method of drug delivery, as it closely mimics the way by which the body
naturally produces hormones such as insulin. It is achieved by using drug-carrying polymers that respond to
specific stimuli (e.g., exposure to light, changes in pH or temperature).

For over 20 years, researchers have appreciated the potential benefits of nanotechnology in providing
vast improvements in drug delivery and drug targeting. Improving delivery techniques that minimize toxicity
and improve efficacy offers great potential benefits to patients, and opens up new markets for pharmaceutical
and drug delivery companies. Other approaches to drug delivery are focused on crossing particular physical
barriers, such as the blood brain barrier, in order to better target the drug and improve its effectiveness; or on
finding alternative and acceptable routes for the delivery of protein drugs other than via the gastro-intestinal

tract, where degradation can occur.( Bussemer M 2003)

IJCRT2209395 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d219


http://www.ijcrt.org/

www.ijcrt.org © 2022 |JCRT | Volume 10, Issue 9 September 2022 | ISSN: 2320-2882

Advantages of controlled drug delivery system over a conventional dosage form

Improved patient convenience and compliance due to less frequent drug administration.
Reduction in fluctuation in steady — state levels and therefore-
e Better control of disease condition and
e Reduced intensity of local or systemic side effects
Increased safety margin of high potency drugs due to better control of plasma levels.
Maximum utilization of drug enabling reduction in total amount of dose administered.
Reduction in health care cost through-

e Improved therapy.

e Shorter treatment period.

e Lower frequency of dosing.
Disadvantages of controlled drug delivery system

1. Decreased systemic availability in comparison to immediate release conventional dosage forms. this
may be due to-
a. Incomplete release.
b. Increased first pass metabolism.
c. Increased instability.
d. Site specific absorption.
e. pH dependent solubility.
2. Poor in vitro- in vivo correlation.
3. Reduced potential for dosage adjustment of drugs normally administered in varying strengths.

4. Higher cost of formulation.
Criteria for Selection of Drug for CDDS

The best Candidates for CDDS are drugs which show poor absorption from the stomach or intestine including
peptides. Thedrugs used in the treatment of IBD, ulcerative colitis, diarrhea, and colon cancer are ideal
candidates for local colon delivery. (Vyas SP, Khar RK. 2005) The criteria for selection of drugs for CDDS
are summarized in Table. (Antonin KH, et al 1996, Fara JW., 1989) Drug Carrier is another factor which
influences CDDS. The selection of carrier for particular drugs depends on the physiochemical nature of the
drug as well as the disease for which the system is to be used. Factors such as chemical nature, stability and
partition coefficient of the drug and type of absorption enhancer chosen influence the carrier selection.
Moreover, the choice of drug carrier depends on the functional groups of the drug molecule. For example,
aniline or nitro groups on a drug may be used to link it to another benzene group through an azo bond. The
carriers, which contain additives like polymers (may be used as matrices and hydro gels or coating agents)

may influence the release properties and efficacy of the systems (Friend DR, Chang GW 1984):
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Table 1: Criteria for selection of drugs for CDDS

effects in colon against
GIT diseases

drugs

Metoprolol, Nifedipine

Criteria Pharmacological Non-peptide drugs Peptide drugs
class
Drugs used for local | Anti-inflammatory Oxyprenolol, Amylin, Antisense

oligonucleotide

Drugs poorly absorbed
from upper GIT

Drugs for colon cancer

Drugs that degrade in

Antihypertensive and

antianginal drugs
Antineoplastic drugs

Peptides and proteins

Ibuprofen, Isosorbides

Theophylline
Pseudoephedrine

Bromophenaramine, 5-

Cyclosporine,

Desmopressin
Epoetin, Glucagon

Gonadoreline, Insulin,

stomach and small Flourouracil, Interferons

intestine Doxorubicin Protirelin,sermorelin,
Bleomycin, Nicotine

Drugs that undergo | Nitroglycerin and | Prednisolone, Saloatonin

extensive first pass | corticosteroids hydrocortisone,

metabolism

Drugs for targeting Antiarthritic and | 5-Amino-salicylic acid | Somatropin,Urotoilitin

antiasthamatic drugs

DRUG DELIVERY CARRIERS

Colloidal drug carrier systems such as micellar solutions, vesicle and liquid crystal dispersions, as well as
nanoparticle dispersions consisting of small particles of 10-400 nm diameter show great promise as drug
delivery systems. When developing these formulations, the goal is to obtain systems with optimized drug
loading and release properties, long shelf-life and low toxicity. The incorporated drug participates in the
microstructure of the system, and may even influence it due to molecular interactions, especially if the drug

possesses amphiphilic and/or mesogenic properties.( Torchilin V.P.2001)

Micelles formed by self-assembly of amphiphilic block copolymers (5-50 nm) in aqueous solutions are of
great interest for drug delivery applications. The drugs can be physically entrapped in the core of block
copolymer micelles and transported at concentrations that can exceed their intrinsic water- solubility.
Moreover, the hydrophilic blocks can form hydrogen bonds with the aqueous surroundings and form a tight

shell around the micellar core. As a result, the contents of the hydrophobic core are effectively protected
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against hydrolysis and enzymatic degradation. In addition, the corona may prevent recognition by the
reticuloendothelial system and therefore preliminary elimination of the micelles from the bloodstream. A
final feature that makes amphiphilic block copolymers attractive for drug delivery applications is the fact
that their chemical composition, total molecular weight and block length ratios can be easily changed, which
allows control of the size and morphology of the micelles. Functionalization of block copolymers with
crosslinkable groups can increase the stability of the corresponding micelles and improve their temporal
control. Substitution of block copolymer micelles with specific ligands is a very promising strategy to a
broader range of sites of activity with a much higher selectivity. ( Torchilin V.P.2001)

Liposomes are a form of vesicles that consist either of many, few or just one phospholipid bilayers. The polar
character of the liposomal core enables polar drug molecules to be encapsulated.8 Amphiphilic and lipophilic
molecules are solubilized within the phospholipid bilayer according to their affinity towards the
phospholipids. Participation of nonionic surfactants instead of phospholipids in the bilayer formation results
in niosomes. Channel proteins can be incorporated without loss of their activity within the hydrophobic
domain of vesicle membranes, acting as a size-selective filter, only allowing passive diffusion of small
solutes such as ions, nutrients and antibiotics. Thus, drugs that are encapsulated in a nanocage-functionalized
with channel proteins are effectively protected from premature degradation by proteolytic enzymes. The drug
molecule, however, is able to diffuse through the channel, driven by the concentration difference between

the interior and the exterior of the nanocage. Haag R., 2004)

Dendrimers are nanometer-sized, highly branched and monodisperse macromolecules with symmetrical
architecture. They consist of a central core, branching units and terminal functional groups. The core together
with the internal units, determine the environment of the nanocavities and consequently their solubilizing
properties, whereas the external groups the solubility and chemical behaviour of these polymers. Targeting
effectiveness is affected by attaching targeting ligands at the external surface of dendrimers, while their
stability and protection from the Mononuclear Phagocyte System (MPS) is being achieved by
functionalization of the dendrimers with polyethylene glycol chains (PEG).( Soppimath K.S,2001)

Liquid Crystals combine the properties of both liquid and solid states. They can be made to form different
geometries, with alternative polar and non-polar layers (i.e., a lamellar phase) where aqueous drug solutions

can be included.

Nanoparticles (including nanospheres and nanocapsules of size 10-200 nm) are in the solid state and are
either amorphous or crystalline. They are able to adsorb and/or encapsulate a drug, thus protecting it against
chemical and enzymatic degradation. Nanocapsules are vesicular systems in which the drug is confined to a
cavity surrounded by a unique polymer membrane, while nanospheres are matrix systems in which the drug
is physically and uniformly dispersed. Nanoparticles as drug carriers can be formed from both biodegradable
polymers and non-biodegradable polymers. In recent years, biodegradable polymeric nanoparticles have
attracted considerable attention as potential drug delivery devices in view of their applications in the
controlled release of drugs, in targeting particular organs / tissues, as carriers of DNA in gene therapy, and

in their ability to deliver proteins, peptides and genes through the peroral route(Packhaeuser C.B., et al,2004;
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Agnihotri S.A.,et al,2004) Hydrogels are three-dimensional, hydrophilic, polymeric networks capable of
imbibing large amounts of water or biological fluids. The networks are composed of homopolymers or
copolymers, and are insoluble due to the presence of chemical crosslinks (tie-points, junctions), or physical
crosslinks, such as entanglements or crystallites. Hydrogels exhibit a thermodynamic compatibility with
water, which allows them to swell in aqueous media. They are used to regulate drug release in reservoir-
based, controlled release systems or as carriers in swellable and swelling-controlled release devices. On the
forefront of controlled drug delivery, hydrogels as enviro-intelligent and stimuli-sensitive gel systems
modulate release in response to pH, temperature, ionic strength, electric field, or specific analyte
concentration differences. In these systems, release can be designed to occur within specific areas of the body
(e.g., within a certain pH of the digestive tract) or also via specific sites (adhesive or cell-receptor specific
gels via tethered chains from the hydrogel surface). Hydrogels as drug delivery systems can be very
promising materials if combined with the technique of molecular imprinting.( Niculescu-Duvaz I., Springer
C.J.,1997; Manabe T., et al,2004)

The molecular imprinting technology has an enormous potential for creating satisfactory drug dosage forms.
Molecular imprinting involves forming a pre-polymerization complex between the template molecule and
functional monomers or functional oligomers (or polymers) with specific chemical structures designed to
interact with the template either by covalent, non-covalent chemistry (self-assembly) or both. Once the pre-
polymerization complex is formed, the polymerization reaction occurs in the presence of a cross-linking
monomer and an appropriate solvent, which controls the overall polymer morphology and macroporous
structure. Once the template is removed, the product is a heteropolymer matrix with specific recognition
elements for the template molecule.(Vandermeulen G. W. M., Klok H-A., 2003)

Examples of MIP-based drug delivery systems involve: (i) rate-programmed drug delivery, where drug
diffusion from the system has to follow a specific rate profile, (ii) activation-modulated drug delivery, where
the release is activated by some physical, chemical or biochemical processes and (iii) feedback-regulated
drug delivery, where the rate of drug release is regulated by the concentration of a triggering agent, such as
a biochemical substance, the concentration of which is dependent on the drug concentration in the body.
Despite the already developed interesting applications of MIPs, the incorporation of the molecular imprinting
approach for the development of DDS is just at its incipient stage. Nevertheless, it can be foreseen that, in
the next few years, significant progress will occur in this field, taking advantage of the improvements of this
technology in other areas. Among the evolution lines that should contribute more to enhance the applicability
of imprinting for drug delivery, the application of predictive tools for a rational design of imprinted systems
and the development of molecular imprinting in water may be highlighted. (Alvarez-Lorenzo C., Concheiro
A.,2004)
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Conjugation of biological (peptides/proteins) and synthetic polymers is an efficient means to improve control
over nanoscale structure formation of synthetic polymeric materials that can be used as drug delivery
systems. Conjugation of suitable biocompatible polymers to bioactive peptides or proteins can reduce
toxicity, prevent immunogenic or antigenic side reactions, enhance blood circulation times and improve
solubility. Modification of synthetic polymers or polymer therapeutics with suitable oligopeptide sequences,
on the other hand, can prevent random distribution of drugs throughout a patient’s body and allow active
targeting. Fictionalization of synthetic polymers or polymer surfaces with peptide sequences derived from
extracellular matrix proteins is an efficient way to mediate cell adhesion. The ability of cationic peptide
sequences to complex and condense DNA and oligonucleotides offers prospects for the development of non-

viral vectors for gene-delivery based on synthetic polymeric hybrid materials. ( Vasir J. K.,et al,2003)

The field of in-situ forming implants has grown exponentially in recent years. Liquid formulations generating
a (semi-)solid depot after subcutaneous injection, also designated as implants, is an attractive delivery system
for parenteral application because; they are less invasive and painful compared to implants? Localized or
systemic drug delivery can be achieved for prolonged periods of time, typically ranging from one to several
months. Generally, parenteral depot systems could minimize side effects by achieving constant, ‘infusion-
like’ plasma-level time profiles, especially important for proteins with narrow therapeutic indices. From a
manufacturing point of view, in-situ forming depot systems offer the advantage of being relatively simple to
manufacture from polymers. Injectable in-situ forming implants are classified into four categories, according
to their mechanism of depot formation: (i) thermoplastic pastes, (ii) in-situ cross-linked polymer systems,

(iii) in-situ polymer precipitation, and (iv) thermally induced gelling systems.

The ultimate goal in controlled release is the development of a microfabricated device with the ability to
store and release multiple chemical substances on demand. Recent advances in-microelectro-mechanical
systems (MEMS) have provided a unique opportunity to fabricate miniature biomedical devices for a variety
of applications ranging from implantable drug delivery systems to lab-on-a-chip devices. The controlled
release microchip has the following advantages: (i) multiple chemicals in any form (e.g., solid, liquid or gel)
can be stored inside and released from the microchip, (ii) the release of chemicals is initiated by the
disintegration of the barrier membrane via the application of an electric potential, (iii) a variety of highly
potent drugs can potentially be delivered accurately and in a safe manner, (iv) complex release patterns (e.g.,
simultaneous constant and pulsatile release) can be achieved, (v) the microchip can be made small enough
to make local chemical delivery possible thus achieving high concentrations of drug at the site where it is
needed while keeping the systemic concentration of the drug at a low level and (vi) water penetration into
the reservoirs is avoided by the barrier membrane and thus the stability of protein-based drugs with limited

shelf-life is enhanced.
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Administration Routes:

The choice of a delivery route is driven by patient acceptability, the properties of the drug (such as its
solubility), access to a disease location, or effectiveness in dealing with the specific disease. The most
important drug delivery route is the peroral route. An increasing number of drugs are protein-and peptide-
based. They offer the greatest potential for more effective therapeutics, but they do not easily cross mucosal
surfaces and biological membranes; they are easily denatured or degraded, prone to rapid clearance in the
liver and other body tissues and require precise dosing. At present, protein drugs are usually administered by
injection, but this route is less pleasant and also poses problems of oscillating blood drug concentrations. So,
despite the barriers to successful drug delivery that exist in the gastrointestinal tract (i.e., acid-induced
hydrolysis in the stomach, enzymatic degradation throughout the gastrointestinal tract by several proteolytic
enzymes, bacterial fermentation in the colon), the peroral route is still the most intensively investigated as it

offers advantages of convenience and cheapness of administration, and potential manufacturing cost savings.

Pulmonary delivery is also important and is effected in a variety of ways - via aerosols, metered dose inhaler
systems (MDIs), powders (dry powder inhalers, DPIs) and solutions (nebulizers), all of which may contain
nanostructures such as liposomes, micelles, nanoparticles and dendrimers. Aerosol products for pulmonary
delivery comprise more than 30% of the global drug delivery market. Research into lung delivery is driven
by the potential for successful protein and peptide drug delivery, and by the promise of an effective delivery
mechanism for gene therapy (for example, in the treatment of cystic fibrosis), as well as the need to replace
chlorofluorocarbon propellants in MDIs. Pulmonary drug delivery offers both local targeting for the
treatment of respiratory diseases and increasingly appears to be a viable option for the delivery of drugs
systemically. However, the pulmonary delivery of proteins suffers by proteases in the lung, which reduce the

overall bioavailability, and by the barrier between capillary blood and alveolar air (air-blood barrier).

Transdermal drug delivery avoids problems such as gastrointestinal irritation, metabolism, variations in
delivery rates and interference due to the presence of food. It is also suitable for unconscious patients. The
technique is generally non-invasive and aesthetically acceptable, and can be used to provide local delivery
over several days. Limitations include slow penetration rates, lack of dosage flexibility and / or precision,

and a restriction to relatively low dosage drugs.

Parenteral routes (intravenous, intramuscular, subcutaneous) are very important. The only nanosystems
presently in the market (liposomes) are administered intravenously. Nanoscale drug carriers have a great
potential for improving the delivery of drugs through nasal and sublingual routes, both of which avoid first-
pass metabolism; and for difficult-access ocular, brain and intra-articular cavities. For example, it has been
possible to deliver peptides and vaccines systemically, using the nasal route, thanks to the association of the
active drug macromolecules with nanoparticles. In addition, there is the possibility of improving the occular

bioavailability of drugs if administered in a colloidal drug carrier.

Trans-tissue and local delivery systems require to be tightly fixed to resected tissues during surgery. The aim
is to produce an elevated pharmacological effect, while minimizing systemic, administration-associated

toxicity. Trans-tissue systems include: drug-loaded gelatinous gels, which are formed in-situ and adhere to
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resected tissues, releasing drugs, proteins or gene-encoding adenoviruses; antibody-fixed gelatinous gels
(cytokine barrier) that form a barrier, which, on a target tissue could prevent the permeation of cytokines into
that tissue; cell-based delivery, which involves a gene-transduced oral mucosal epithelial cell (OMEC)-
implanted sheet; device-directed delivery - a rechargeable drug infusion device that can be attached to the
resected site. Gene delivery is a challenging task in the treatment of genetic disorders. In the case of gene
delivery, the plasmid DNA has to be introduced into the target cells, which should get transcribed and the
genetic information should ultimately be translated into the corresponding protein. To achieve this goal, a
number of hurdles are to be overcome by the gene delivery system. Transfection is affected by: (a) targeting
the delivery system to the target cell, (b) transport through the cell membrane, (c) uptake and degradation in

the endolysosomes and (d) intracellular trafficking of plasmid DNA to the nucleus.(Bae Y.2003)

RECENT ADVANCEMENT: Niosomes are non-ionic surfactant vesicles which are used as drug carriers
for encapsulating both hydrophilic and hydrophobic drugs. The aim of this study is to detect the effect of
different surfactants on the physical properties and stability of carvedilol niosomes designed to improve oral

bioavailability.( Taymouri S.2016)

Bile acids are biological surfactants and signaling molecules having important endocrine and paracrine
functions. The enterohepatic organotropism of bile acids turns these facial amphiphiles into attractive drug
delivery systems for selective drug targeting to the liver or to increase drug bioavailability by increasing

intestinal absorption and stable metabolism.( Faustino C.2016)

CONCLUSION: Improving delivery techniques that minimize toxicity and improve efficacy offers great
potential benefits to patients, and opens up new markets for pharmaceutical and drug delivery companies.
Other approaches to drug delivery are focused on crossing particular physical barriers, such as the blood
brain barrier, in order to better target the drug and improve its effectiveness; or on finding alternative and
acceptable routes for the delivery of protein drugs other than via the gastro-intestinal tract, where degradation
can occur. . An advantage of a transdermal drug delivery route over other types of medication delivery such
as oral, topical, intravenous, intramuscular, etc. is that the patch provides a controlled release of the
medication into the patient, usually through either a porous membrane covering a reservoir of medication or

through body heat melting thin layers of medication embedded in the adhesive.
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