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Accepted: 17 Aug 2024 people or animals is known as drug delivery. Treatment of disorders throOugh the nose
Published: 18 Aug 2024 and lungs is becoming more and more significant, especially when using peptides and
Keywords: proteins. For these approaches, a number of drug delivery systems, including as
Drug Delivery, Pro- liposomes, pro-liposomes, microspheres, gels, prodrugs, cyclodextrins, and
Liposomes, Microspheres, nanoparticles comprised of biodegradable polymers, are being investigated. Because
Gels, Prodrugs, they can target specific lung sites or cell populations, release drugs in a controlled
Cyclodextrins, Nanoparticles, manner, form aerosols, withstand aerosolization forces, ensure biocompatibility, and
Pulmonary Drug Delivery , degrade within appropriate time frames, biodegradable polymer-based nanoparticles
Sustained Drug Release hold great promise. These characteristics make them appropriate for overcoming
DOl obstacles related to pulmonary and nasal medication administration. Drug delivery to
10.5281/zenodo.13337185 particular organs and tissues has emerged as a key area of study in modern

pharmacological research. The ineffectiveness of traditional dose forms un getting
medications to the right places in the body calls for creative methods and techniques in
drug administration. Newer methods include lipid-, protein-, and polymeric-based
systems that are intended to provide long-term drug release, improve drug distribution
in the body, shield pharmaceuticals from deterioration under abrasive conditions, and
reduce premature clearance. Numerous of these cutting-edge drug delivery systems have
already entered the market because of their many benefits. An overview of these
contemporary carriers and their most recent advancements in medication administration
is given in this paper, emphasizing how they have the potential to completely transform
patient outcomes and therapeutic efficacy.
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INTRODUCTION

It takes a lot of money and effort to develop new
medication compounds. Personalized drug
therapy, dose modification, and therapeutic drug
monitoring are just a few of the tactics used to
improve the safety and effectiveness of currently
available medications. In addition, there is a lot of
emphasis on attaining focused and gradual drug
delivery, as well as regulated drug delivery rates.
These are very attractive strategies that are still
being actively explored. Curiously, alongside
efforts from the USA and Europe, a substantial
quantity of study and publications have been made
to this topic by Indian researchers. Our
comprehension  of  pharmacokinetic  and
pharmacodynamic principles has been improved
by studies employing strong opioid analgesics,
inhalation aesthetics, sedative/hypnotics, and
muscle relaxants. Alternative delivery routes for
analgesics and aesthetics, such as the skin, buccal,
and nasal mucous membranes, are being
investigated. [1] Controlled-release technology
(CRT) includes a wide range of cutting-edge
apparatuses and systems. Transdermal and
transmucosal delivery systems, drug-infused
lozenges, encapsulated cells, nasal and buccal
aerosol sprays, oral soft gels, iontophoretic devices
for transdermal drug administration, and
implantable, programmable drug-delivery devices
are a few examples. The goal of these
developments is to get around the drawbacks of
traditional drug administration techniques. [2]
These cutting-edge tools and methods are
attracting interest for a number of reasons. Since
the late 1950s, there have been fewer new
chemical entities introduced due to factors such as
shorter effective patent lives, decreased research
efforts by pharmaceutical businesses, and rising
expenses associated with medication
development. [3] Since the late 1950s, there have
been fewer new chemical entities introduced due
to factors such as shorter effective patent lives,
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decreased research efforts by pharmaceutical
businesses, and rising expenses associated with
medication development. A new drug's journey
from invention to clinical trials and regulatory
approval today costs over $120 million and takes
about ten years. Novel medication delivery
technologies were predicted to account for up to
40% of the US pharma product industry by the
year 2000. [4] Advanced technologies called drug
delivery systems (DDS) are made to package and
store drug molecules in forms that are appropriate
for effective administration, including tablets or
liquids. Their main objective is to maximize
therapeutic effectiveness while avoiding off-target
effects by delivering drugs to specified target areas
within the body as quickly as possible. Various
methods, such as oral buccal and sublingual, nasal
and ocular, transdermal and subcutaneous, anal
and transvaginal, and intravesical, can be used to
administer drugs to the body. The way medications
behave in the body and the physiological changes
they cause when taken are largely determined by
their physicochemical characteristics. [5] By
improving systemic circulation and managing the
pharmacological effects of drugs, DDS have made
a substantial contribution to the treatment of
disease and improvement of health in recent
decades. Since the 1950s, controlled-release
formulations have been developed as a result of
developments in pharmacology and
pharmacokinetics, which highlight the crucial role
that controlled drug release plays in maximizing
therapeutic effects. By releasing medications at
predetermined rates and durations regardless of
physiological conditions, these formulations
provide substantial advantages over conventional
drugs and allow for spatial control over drug
release with constant or changing rates.
Furthermore, target site accumulation, efficacy,
pharmacological activity, pharmacokinetic
characteristics, patient acceptance, compliance,
and decreased medication toxicity are all improved
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by controlled drug delivery systems. [6] Novel
drug delivery systems (NDDS), which provide
improved convenience, control, and targeting
capabilities, have been developed recently. Every
NDDS functions according to its distinct features,
which include its morphological, chemical, and
physical attributes and affect its affinity for
various pharmacological molecules. The main
mechanisms that control the release of drugs are
diffusion, solvent and chemical reactions, and
stimuli-responsive  controls.  For  instance,
enhanced permeability and retention, or EPR,
takes use of the lymphatic and blood arteries in
cancer cells' porous nature to help medications
diffuse passively into target areas. [7] Despite
worries over its selectivity and possible toxicity,
electrophoretic radiation therapy (EPR) has been
extensively researched and used in the delivery of
chemotherapy drugs. By affixing certain ligands or
molecules to carriers that bind to target tissue
surfaces actively, active targeting strategies
overcome the drawbacks of passive targeting. This
minimizes uptake by non-target cells and lowers
toxicity and side effects. The complete
development of actively targeted medications is
still hampered by issues like ligand selectivity,
immunogenicity, and possible destruction during
macrophage  endocytosis.  [8] = Moreover,
responsive stimuli targeting helps deliver drugs to
particular cells or tissues by utilizing chemical or
physical characteristics like pH, temperature,
ultrasonic, magnetic, or electric fields. In today's
pharmaceutical research, targeted drug delivery to
particular organs and tissues has emerged as a
critical area of study. A comprehensive scientific
strategy is necessary to make considerable
progress in boosting site-specific bioavailability
and enhancing therapeutic efficacy in the frontier
field of innovative drug delivery techniques and
mechanisms. It is now possible to overcome
obstacles like the permeability of the blood-brain
barrier, making it possible to use treatments that
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were previously unfeasible when using traditional
dose forms. By regulating the drug release profile,
these cutting-edge drug delivery methods mitigate
a number of issues, such as low solubility,
sensitivity to environmental variables including
photodegradation and pH fluctuations, and the
possibility of dose dumping. [9] Moreover, they
allow for accurate targeting at the site of action,
minimizing exposure to tissues that are not the
target, improving therapy efficacy and lowering
the risk of toxicity and adverse consequences. This
better targeting encourages patient compliance and
convenience while also improving therapeutic
outcomes. Pharmaceutical applications require
biocompatibility, and creating a dosage form that
complements a  drug's  physicochemical
characteristics is difficult. The flexible and
biodegradable polymers poly(D,L-lactide-co-
glycoside) (PLGA) are used in modern methods to
get across pathological and physiological barriers
that are present in targeting tactics. [10] By
employing ligands to deliver greater dosages of
medications to particular organs, this approach
seeks to improve the pharmacokinetic
characteristics of medications while maintaining
controlled release and breakdown into non-toxic
by products. Since oral administration is still the
most practical method of medication delivery,
efforts have been made recently to design carriers
that can get past biological barriers like the
gastrointestinal (GI) tract. These carriers need to
shield  medications  from  the  hostile
gastrointestinal environment, extend the duration
of drug residence via bio adhesion, and target
certain cells to enhance absorption and maybe
lower the frequency of dosage. Many drug
delivery technologies are being researched to
improve treatment efficacy and overcome issues
frequently related to traditional dosage forms.
Furthermore, the study of the cellular milieu and
its interaction with these new dosage forms has
been the focus of recent breakthroughs. [11] These
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innovations are similar to the old idea of the
"magic bullet,” first put forth by Paul Ehrlich,
which sought to deliver medications exactly to
Types of Drug Delivery System [13]

their target areas while reducing systemic adverse
effects . [12]

Red Biood Cell
Membrane-
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Nanoparticles
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Self-Micro Acid-Based
‘emulsifying Drug Nano
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Polymer-Lipid
In-Situ Gel Hybrid
Nanoparticles
Hexagonal
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Targeted Drug
Delivery

System

Delivery System [13]
1. Red blood cell membrane camouflaged
nanoparticles

Scholars have discerned the prospective benefits
of nanotechnology in markedly enhancing drug
delivery techniques in the long run. Nanoparticles
disguised like red blood cell membranes offer a
new class of drug delivery vehicles. Red blood
cells (RBCs) are perfect candidates for drug
delivery vehicles due to their biological
characteristics, including their abundance in
circulation, biocompatibility (non-
immunogenicity), biodegradability, and extended
half-life. Engineered red blood cells have
demonstrated potential as delivery systems for a
range of bioactive materials, such as proteins, big
molecules, medicines, and enzymes. [14] Red
blood cell membranes are abundant and have
favourable biological properties that make them a
suitable  "camouflage” for  nanoparticles,
combining the benefits of nanomaterials with RBC
membranes. Therapeutic chemicals can be loaded
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onto red blood cells (RBCs) using a variety of
techniques that preserve the cells' physiological
and structural integrity. RBC  disguised
nanoparticles are typically made by sonication, but
other methods such extrusion, microfluidic
electroporation, and in-situ polymerization are
also used; each has benefits and drawbacks in
terms of synthesis. [15] Prior to fusion, fresh
whole blood is hypotonic treated (dialysis,
haemolysis, or dilution) to assist eliminate
undesired cells and plasma and produce RBC
membrane-derived vesicles. By using this
technique, the final nanoparticles are guaranteed to
retain the vital traits of RBC membranes. Because
of their low immunogenicity and extended
systemic circulation (RBCs have a lifespan of
around 120 days), RBC membrane-coated
nanoparticles offer considerable promise for
application in medication delivery systems.
Additionally, due to their high drug-loading
capabilities,  biodegradability, and natural
biocompatibility, red blood cell vesicles promote
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greater accumulation at target areas. Nano-
formulations coated with erythrocyte membranes
have been effectively used in a number of areas,
such as cardiovascular illness, encephalopathy
treatment, and anticancer research.[16]

2. Hyaluronic acid-based drug nanocarriers

drug delivery systems

Hyaluronic acid (HA) is being used in drug
delivery systems more and more. HA is a linear
macromolecular mucopolysaccharide made up of
N-acetylglucosamine and  glucuronic  acid
repeating units. It has a reputation for being highly
viscoelastic, biodegradable, and compatible with
certain cell surface receptors. Because it is a
normal part of eye tissue and is essential to wound
healing, these properties make HA a great carrier

for ocular medication delivery. Red blood cell
membrane-coated nanoparticles (RBCM-NPSs) can
also be prepared synthetically for anticancer
activity. 17] Pure red blood cells are obtained from
fresh blood by centrifugation and washing, which
eliminates plasma and other undesirable cells.
Following hypotonic haemolysis, these cells are
employed to coat selected nanoparticles.
Intravenous injection of these RBCM-NPs allows
them to enter tumour cells through endocytosis,
sustain extended systemic circulation, and
permeate tumour tissues through the increased
permeability and retention (EPR) effect. Please
refer to the corresponding article's online version
for visual references and full figures. [18]
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Figure 2Hyaluronic acid-based drug nanocarriers drug delivery systems

Drug targeting is improved and drug thickening,
prolonged release, and transdermal absorption are
all improved by hyaluronic acid (HA). Drug
distribution to cancer cells has significantly
improved when using HA-based drug
nanocarriers. Furthermore, as biocompatible
carriers with the ability to deliver drugs to certain
regions with minimal side effects and tissue
damage, HA-coated lipid nanoparticles have been
produced. HA-based nanocarriers have advantages
such better drug distribution, increased therapeutic
efficacy, higher cytotoxicity, decreased tumour
development, and the possibility of targeted
treatment for malignancies with heightened
expression of the CD44 receptor. [19] Another
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application is the development of a CD44-
targeting anti-cancer drug delivery system using
HA-based nanocarriers in conjunction with
doxorubicin  (DOX) and cisplatin (CDDP).
Significant tumor suppression capabilities of this
system against CD44+ breast cancer cells have
been shown both in vitro and in vivo. In particular,
these dual drug-loaded HA micelles (HA-DOX-
CDDP) have demonstrated greater suppression of
cellular growth, higher cellular uptake, and
improved drug release under acidic conditions in
4T1 (CD44+) breast cancer cells when compared
to free pharmaceuticals. Due to their great
biocompatibility, biodegradability, and ability to
target CD44, HA-DOX-CDDP micelles exhibit
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good tumour accumulation with few side effects.
[20] These characteristics suggest that HA-DOX-
CDDP micelles may be useful in the
chemotherapeutic treatment of breast cancer.

To specifically target CD44 receptors on cancer
cells, hyaluronic acid and its derivatives are used
in a variety of drug delivery systems (DDS), such
as gel DDS, cationic polymer DDS, and
nanoparticle DDS. Research has demonstrated
that, following drug delivery, HA and drug
conjugates combine at the tumour site, preserving
continuous drug release. The reticuloendothelial
system's (RES) ability to resist systemic clearance
is aided by the negative surface charge of HA-
based nanocarriers. By actively targeting CD44
receptors and producing an increased permeability
and retention (EPR) effect, HA-based therapeutic
nanocarriers are able to preferentially enter cancer
cells. [21]

3. Hexagonal Boron Nitride nanosheet drug

delivery system

An expanding range of materials are being
investigated to improve medication delivery
systems as science and technology continue to
progress. One such substance is boron nitride
(BN), a crystalline molecule whose nitrogen (N)
and boron (B) atom stoichiometry is balanced.
There are several different types of BN, such as

wurtzite BN (w-BN), rhombohedral BN (r-BN),
cubic BN (c-BN), and hexagonal BN (h-BN). [22]
Because of its structural resemblance to graphite,
hexagonal Boron Nitride (h-BN), often known as
white graphene, stands out among these for its
two-dimensional (2D) layered structure with sp2
hybridized B-N links. Van der Waals forces, with
a bond length of 1.466 A and an interlayer spacing
of 3.331 A, hold the compound's layers together
while the B-N atoms in h-BN create strong
covalent connections that result in interlocking
rings. Polar B-N bonds are the outcome of this
partial ionic nature. The insulator h-BN has been
used in a number of industries, including dentistry,
cosmetics, cement, ceramics, and most
importantly, medicine, where it is used as a drug
carrier similar to graphene or graphene oxide. [23]
Drug delivery systems and research have found
utility in h-BN. For instance, when exposed to h-
BN coated with gold particles, MCF-7 breast
cancer cells proliferated less than normal L929
cells, according to studies by Jedrzejczak-Silicka
and colleagues. The h-BN was functionalized with
gold particles, exfoliated using a modified
Hummers' process, and then its effectiveness was
assessed using the Neutral Red (NR) uptake assay.
[24]
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Another work altered h-BN nanosheets by adding
in-situ deposited palladium (Pd) to give them
photothermal characteristics, which improved
their ability to carry the anticancer medication
doxorubicin. After giving this modified h-BN to
mice for two weeks, there was a notable decrease
of tumour growth. The study demonstrated that
near-infrared (NIR) radiation exposure and
elevated glutathione content coincided with the
nanohybrids' release of doxorubicin in response to
an acidic environment. [25] An additional fruitful
investigation demonstrated the efficacy of h-BN
coupled with copper (Il) phthalocyanine (CuPc)
and DNA oligonucleotide as a therapeutic agent
for photodynamic treatment (PDT), in situ
monitoring, and miR-21 imaging. These results
highlight the potential of boron compounds as
strong chemotherapeutic agents, especially h-BN.
By utilizing these cutting-edge materials, drug
delivery is developing and opening up new
avenues for more effective and focused treatments.
[26]

4. Polymer-lipid hybrid nanoparticles drug

delivery system

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Sustained drug release, better targeting of disease
cells, and greater stability during storage,
nanocarriers are becoming more and more
attractive as drug delivery methods. Polymeric and
liposome nanoparticles are the most commonly
employed of all the nanoparticles used in
medication delivery. Liposomes are lipid-based
nanoparticles with good biocompatibility,
however they have drawbacks such medication
leakage and instability in storage. [27] Conversely,
polymeric nanoparticles, which are built on
polymers, tend to be less biocompatible but offer
great stability, drug loading capacity, and
encapsulation. Researchers created polymer-lipid
hybrid nanoparticles (PLHNPS), which combine
the benefits of polymeric and liposomal
nanoparticles, to overcome these drawbacks and
provide an efficient nanomaterial. The criteria for
biocompatibility, high encapsulation, sustained
drug release, low drug leakage, tiny particle size,
and good storage stability are all met by PLHNPs.
This hybrid approach is presently employed for a
number of therapeutic and diagnostic purposes
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hybrid approach is presently employed for a
number of therapeutic and diagnostic purposes as
a result. [28]

Doxorubicin  (DOX), a chemotherapeutic

medication, has a high loading capacity as a result

of its functionalization. When the pH drops, the

medication is released within the tumour [29]

cells. PLHNPs are made up of three different parts:

1. A polymeric core that efficiently encases
medications that are hydrophilic or
hydrophobic, resulting in a prolonged release.

2. A lipid shell with strong stability and
biocompatibility.

3. A layer of lipid-polyethylene glycol (PEG) on
the exterior that lengthens circulation
duration, improves steric stability, and blocks
immunological recognition. [30]

Because of these characteristics, PLHNPs can be

used in a wide range of settings, such as

ultrasound, photothermal therapy, photodynamic
therapy, SiRNA and DNA gene transfer, and
chemotherapy administration. Their extensive
utility is further demonstrated by the fact that they
are employed in imaging, immunological

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

stimulation, vaccine distribution, and alternate
magnetic field (AMF) applications. [31]

5. Self-micro  emulsifying  drug-delivery
system
Lipid-based medication formulations have

attracted a lot of attention lately, especially those
that use self-micro emulsifying drug-delivery
systems (SMEDDS). A major obstacle in the
development of oral dose formulations is
insufficient bioavailability. Bioavailability
depends on minimal hydrophilicity since
medications must be in solution to pass through the
gastrointestinal tract (GIT) and be absorbed. The
water solubility of many chemical substances that
have significant pharmacological effects is a
problem. Moreover, around 50% of novel
therapeutic compounds and approximately 30% of
pharmaceuticals that are currently on the market
are hydrophobic, or have low water solubility. [32]
Lipid-based carrier systems have become more
and more common as a means of improving the
bioavailability of drugs that are poorly soluble in
water. This formulation's main goal is to keep
hydrophobic ingredients in solution during the
digestive process. Different forms of lipid-based
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carriers  exist, such as  microemulsions,
suspensions, dry emulsions, and self-emulsifying
drug-delivery systems (SEDDS). Hydrophobic
medicines have been demonstrated to be included
into SEDDS, which have been further developed
into self-nanoemulsifying drug-delivery systems
(SNEDDS) and SMEDDS.Emulsions are
produced through the dispersion of a macroscopic
particle-containing liquid phase into a surfactant-
containing liquid phase. [33] These semi-
transparent, thermodynamically unstable
emulsions have characteristics of viscous liquids.
Emulsions come in three varieties: multiple
emulsions, oil-in-water, and water-in-oil. Unlike
SMEDDS, conventional micro-or nano-emulsions
self-emulsify following oral consumption. [34]
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drug
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Emulsifying agents in microemulsions are
categorized as co-surfactants (CoSs) and
surfactants (S). Co-surfactants are primarily
soluble in the oil phase, whereas surfactants are
primarily soluble in water. Co-surfactants are
essential for bringing the two liquid phases'
interfacial tension down to the ideal level needed
for the creation of microemulsions. The formation
of nano emulsions, which have droplet sizes
smaller than 100 nm, requires the use of chemical
or mechanical energy. Nano emulsions show long-
term stability over several months, despite being
kinetically stable because of their extremely low
disintegration rate. In contrast to microemulsions,
which are more sensitive to temperature and
dilution variations, nano emulsion globules are
stable in a variety of environments. [35]
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6. In-situ gel drug delivery system

Any drug delivery system's main goal is to
efficiently alter the medication's pharmacokinetic
characteristics and tissue distribution.
Considerable work has gone into creating
dependable and controlled drug delivery systems
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during the last 60 years. One of the most cutting-
edge methods among them is in-situ gel
medication administration. This system makes use
of its special capacity to change from a sol (liquid)
to a gel state, allowing for a more gradual and
regulated release of drug, improving patient
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comfort and compliance. [33] Generally, when
formulations enter the body in solution form, they
transform into gel form under certain
physiological conditions. Numerous triggers, such
as variations in pH, temperature, or solvent
exchange, can cause this transition. The oral,
nasal, injectable, vaginal, rectal, ophthalmic,
intraperitoneal, and parenteral routes have all been
investigated for in-situ gel drug delivery systems.

Many polymeric drug delivery methods have been

created, and these polymers experience a sol-gel
transition in response to physiological cues. In-situ
gel medication delivery devices are made of both
synthetic and natural polymers. [34]

There are four basic ways in which in-situ gel
biomaterials might form:

1. Variations in pH and Temperature: The
gelation process can be triggered by variations
in pH or temperature.

2. Physical Property Changes: The production of
gel can be caused by variables such swelling
and solvent exchange.

=i ACDDS

delivery

3. Biochemical Modifications: The sol-gel
transition can be brought about by chemical
and enzymatic reactions. [35]

4. Photo-Polymerization: Gel formation is a
possible  outcome  of  light-induced
polymerization.

5. Because of these principles, flexible and
efficient in-situ gel drug delivery devices that
can adjust to different physiological
conditions for optimal drug release and
therapeutic efficacy have been developed.
[36]

Additional Controlled Drug Delivery Systems

[ACDDS]

Preparations for extended, gradual, and sustained

release have been developed by the
pharmaceutical industry and  pharmacy
departments.  Their  release pattern  and

bioequivalence have been examined in vitro and in
vivo, respectively. [37]

Parentral

Products

Figure 7 Additional Controlled Drug Delivery Systems

1. Oral

The development of specialized devices for
targeted administration to the gut employing
therapeutic agent-incorporated microspheres was
spurred by the ongoing challenges associated with
the oral delivery of protein and peptide medicines.
[38] The in vitro resistance of gelatine capsules
covered with different amounts of sodium alginate
and cross-linked with calcium chloride to the
stomach and intestinal environments was
evaluated. After demonstrating encouraging
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outcomes in vitro, capsules coated with 20% w/v
polymer were assessed for their in vivo
gastrointestinal behaviour in human subjects.
According to radiographic studies, uncoated
gelatine capsules fell apart in the stomach 15
minutes after being consumed, while capsules
coated with alginate stayed whole in the stomach
for as long as three hours before moving to the
ileocecal area of the intestine, where they finally
fell apart. Using contemporary palletization
techniques, Varanasi and Nageswara created
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pellets containing prochlorperazine maleate in
diameters of 1 mm and 1.65 mm. [39] Using a USP
dissolving equipment, these pellets were coated
with ethyl cellulose and assessed for in vitro
release. They noticed that as ethyl cellulose
concentration increased, prochlorperazine maleate
release reduced. Rangaiah et al. used
hydroxypropyl methylcellulose (HPMC), Eudragit
RL, and RS to create theophylline sustained
release tablets. Studies on bioavailability in
volunteers showed that the formulations of
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\ =l
\ S / N ~ @ _.
) .léy__L 3{/ = \'\
- € (e / Cell
el /dlfferennanon

~ %
I Tissue-on-a-chip ES
o

Eudragit and HPMC sustained plasma
concentrations. [40] A modified Wurster coating
equipment was used to create sustained release
nifedipine capsules in a different investigation.
These capsules included a solid dispersion form
for the quickly available loading dose and
microparticles coated with a film of polyvinyl
acetate (molecular weight 45,000) for the
sustained release portion. These capsules released
the therapeutic dose for the first time in 45 minutes
and continued to do so for 11 to 12 hours. [41]
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Figure 8 Oral Drug Delivery system

2. Parenteral

For drug delivery systems, Kushwaha studied a
combination of natural macromolecule gum
Arabic and synthetic polymer polyvinyl alcohol.
She noted that the drug load, drug solubility in the
matrix, and the makeup of plasticizers,
homopolymers, and cross-linkers all affect the
release kinetics and duration. This method enables
customized control over the kinetics of medication
release. Chitosan microspheres with diameters
ranging from 45 to 300 um were used to administer
progesterone under control. [42] Research carried
out in vitro and in vivo demonstrated that over 40
days, heavily cross-linked microspheres released
only 35 percent of the integrated steroids, whereas
those with less cross-linking released 70 percent.
Cross-linked chitosan  microspheres appear
promising for long-term steroid delivery, as
evidenced by bioavailability studies conducted on
rabbits using intramuscular injection of the
microsphere formulation. These studies showed
that plasma concentrations of 1-2 pg/ml were
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maintained for up to 5 months without significant
initial burst effects. [43] To facilitate the delivery
of vaccines through a single point of contact,
cross-linked dextran beads were created. With the
advent of bioresorbable surgical sutures twenty
years ago, biodegradable polymeric devices have
been the subject of extensive research.
Poly(lactide) (PLA), poly(glycoside) (PGA), and
their ~ copolymer  poly(lactide-co-glycoside)
(PLGA) are examples of thermoplastic aliphatic
polyesters that have attracted a lot of attention
because of their  mechanical strength,
biodegradability, and biocompatibility. [44] These
polymers are FDA-approved for drug delivery
applications and can be used to create a variety of
devices that carry proteins, peptides, vaccines, and
small molecules. Poly(DL-lactide-co-glycoside)
(PLG) microparticles were studied by Dhiman and
Khullar as potential delivery systems for the 71-
KDa cell wall-associated  protein  of
Mycobacterium  tuberculosis H37Ra. Their
investigations in mice showed that 71-KDa PLG
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vaccination, as opposed to emulsified 71-KDa in
Freund's incomplete adjuvant (FIA) and BCG
vaccination, produced stronger T-cell activation
and cytokine release. [45] Additionally, 71-KDa
PLG demonstrated improved bacterial load
clearance from livers and lungs in comparison to
71-KDa FIA, offering superior protection against
Mycobacterium tuberculosis H37Rv challenge. In
a different investigation, rats with adjuvant-
induced arthritis received subcutaneous injections

of vactine

of diclofenac administered using poly(lactide-co-
glycoside) microspheres. [46] The results of
pharmacokinetic and pharmacodynamic analyses
showed that although in situ gel-forming systems
produced higher initial drug concentrations and
prolonged anti-inflammatory effects for roughly
10 days, microspheres were able to sustain
therapeutic drug levels in plasma for about 16 days
after injection. [47]

Madern vaccing dellvery systems.

Figure 9 : Parenteral Route of Vaccine Drué_delivery System

3. Dental

Tetracycline and metronidazole were delivered via
ethyl cellulose strips by Soumyajit et al. with the
intention of decreasing subgingival bacteria in
periodontal pockets. Following supragingival
scaling, the patients were separated into five
groups according to how long the medicine was
applied for. Applications of metronidazole,
tetracycline, and placebo were assigned to specific
sites. Gram staining and culture techniques were
used to gather baseline microbiological samples
following site marking and isolation. Subgingival
samples were obtained again after therapy. [48]
After removing the ethyl cellulose strips, the
remaining drug content was examined. The
outcomes showed that subgingival bacteria were
efficiently inhibited over a number of days by both
metronidazole and tetracycline. At lower
concentrations, metronidazole completely reduced
subgingival bacteria, but tetracycline showed
quicker release Kinetics. In a different study, a
topical gel for dentistry was compared with a
saliva-activated bio-adhesive drug delivery system
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v
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INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

K

for lidocaine hydrochloride. The drug delivery
device showed deeper anesthesia than the
commercially available topical gel, adhering to the
gingiva in just one minute and reaching peak
anesthesia in fifteen minutes. [49]
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Figure 10 Dental Application of Nanoparticles
4. Colon-specific drug delivery
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The growing interest in peptide and protein
medications emphasizes the necessity of creating
dosage forms with site-specific  release
capabilities. When it comes to medications that are
not well absorbed from the upper gastrointestinal
tract, oral delivery that targets the colon presents a
number of advantages versus parenteral
administration. This method is very helpful for
treating conditions localized within the colon, such
as Crohn's disease, ulcerative colitis, and
colorectal cancer. [50] A colon's prolonged release
is also beneficial for ailments like arthritis, angina,
and nocturnal asthma. For colon-specific
medication delivery, oligonucleotides, proteins,
peptides, and vaccinations are all excellent
options. For the treatment of inflammatory bowel
disease (IBD), several medications, including
sulfasalazine, unsalaried, and olsalazine, have
been developed into colon-specific delivery
systems. More and more research is being done on
using the unique microbiota and enzymatic
environment of the colon to release medications in
in this region. One of the challenges is getting
through the stomach and small intestine and into
the colon, which requires adjusting to the varied
pH levels and longer transit periods. Drugs can
now be coated with pH-sensitive and bacterially
degradable polymers, embedded in matrices

broken down by colonic bacteria, and designed as
prodrugs thanks to recent advancements in
pharmaceutical technology. [51] By using pH
variations in the gastrointestinal tract to initiate
drug release, these technologies improve the
targeted delivery of medications to the colon.
Effective colon-specific targeting has been
achieved through the use of polysaccharide and
azopolymer coatings, which are resistant in the
upper digestive tract but degradable by colonic
bacteria. The advancement and assessment of
colon-specific drug delivery systems for
therapeutic application has been hastened by the
creation of ideal preclinical models and clinical
evaluation techniques. [52]

Comprehensive in vitro and in vivo experiments
have been conducted to evaluate these systems,
which exhibit in vivo site specificity. There are
several therapeutic benefits of administering
medications directly to the colon, especially when
those medications are sensitive to pancreatic
enzymes or stomach acid. It is advantageous for
the effective delivery of vermicides and diagnostic
agents at lower dosage needs, as well as for the
treatment of localized colonic disorders such as
ulcerative colitis, colorectal cancer, and Crohn's
disease. [53]

Effective translation of
colon-targeted medicines
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Figure 11colon target drug delivery system
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The process of microencapsulation is essential for
the creation of microspheres that contain
hydrophilic and hydrophobic medications within
biocompatible polymers, which aids in the
discovery of novel therapies. These carriers' major
objective is to minimize systemic absorption while
achieving controlled drug release, sustaining
therapeutic levels for a predetermined amount of
time. Numerous industries, including food,
cosmetics, medicines, and gene delivery, use these
systems. Microparticles, which include both
microcapsules and microspheres, are made of
polymers or lipids (like liposomes) and are usually
between 1 and 250 um in size, although ideally,
they are smaller than 125 um. [54] Occasionally,
they can even reach up to 1000 pum in size.
Because of the longer release durations and
improved absorption made possible by the

adhesive qualities of microparticles, this
technology is essential to  medication
administration. Moreover, strong connections

between in vitro and in vivo experiments have
been noted, suggesting their efficacy in biological
systems. Because biodegradable microparticles
are readily eliminated by physiological processes,
their build-up in cells and tissues does not pose a
risk of cytotoxicity. Active ingredients may be
contained within the particle or adsorbed onto the
polymer's surface. The use of pH-sensitive or
thermosensitive microparticles allows for tailored
controlled  release, which is  especially
advantageous for intravenous delivery. [55] A
variety of materials, including peptides (like
insulin and calcitonin), cosmetics, antiviral
medications, antihypertensives, and anticancer
medicines, have been encapsulated in
microparticles. Microparticles can be made in a
number of ways, such as by synthesizing premade
polymers or polymerizing synthetic monomers.
Submicron-sized particles, however, have a
number of important advantages over bigger
microparticles. For example, a study comparing
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PLGA micro- and nanoparticles showed that the
latter were more readily absorbed by Caco-2 cells
(41% vs. 15%). Additionally, nanoparticles may
be a more effective way to target particular tissues,
such as malignant or inflammatory regions. [56]
1. Micro Sponges

Made of artificial polymers, micro sponges are
inert, physiologically porous particles that can
hold an active agent up to their own weight. They
provide the medication with defense against
external elements and enable controlled release.
Products like Carnac®, which contains
fluorouracil to treat actinic keratosis, and Retin-A
Micro®, which treats acne vulgaris, are marketed
with the use of micro sponge technology. [57]

2. Nanotechnology

The notion of nanomedicine and commercially
viable products have emerged as a result of the
rapid growth of nanotechnology in drug delivery.
Utilizing materials at the nanoscale scale to
develop novel therapeutic strategies is known as
nanomedicine. Materials at this scale have distinct
physicochemical characteristics because of their
small size, high surface area, and surface structure.
These characteristics allow for the intracellular
absorption of nanoparticulate systems to particular
cellular targets, thereby circumventing the
drawbacks of conventional formulations. As a
result, nanotechnology has been incorporated into
a number of industries, such as imaging,
diagnostics, and medicine and gene delivery. [58]
3. Immunoconjugates

Recombinant antibodies covalently bonded to a
drug through a linker are known as antibody-drug
conjugates (ADCs) or immunoconjugates. By
utilizing the specificity of monoclonal antibodies
(mAbs), this approach seeks to deliver powerful
medications to specific areas while reducing harm
to non-targeted organs. ADCs can be customized
to target a variety of diseases by choosing the right
molecular domains. Nevertheless, preliminary
research has shown certain difficulties, such as
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brief half-lives, immunogenicity, and ineffective
interactions.  Many  approaches, including
PEGylation, conjugation with proteins like
albumin, and the use of chimeric, humanized, and
fully human mAbs, have been developed to
overcome these problems. Consequently,
Mylotarg (gemtuzumab ozogamicin), the first
immunoconjugate to be authorized, was launched
to treat acute myeloid leukemia. [59] Phase 3
clinical trials are presently underway for a number

of different immunoconjugates, such as
Brentuximab vedotin for Hodgkin lymphoma and
Mapatumumab  for advanced renal illness.

Furthermore, novel approaches for the utilization
of antibodies coupled to liposomes and
nanoparticles—known as immunoliposomes and
immunonanoparticles, respectively—have been
developed. Multiple medications can be contained
in these systems, providing protection from the
outside world and allowing for regulated release.
Additionally, by focusing on transferrin, insulin,
or glutathione receptors, they can target difficult
regions like the blood-brain barrier (BBB) and
cause receptor activation and subsequent
internalization. [60]

4. Viruses

Because viruses are naturally able to infect
particular cells and deliver genetic information to
the nucleus, they are intriguing carriers for gene
and medication therapy. Recombinant viruses
have the potential to improve drug delivery by
increasing transfection efficiency and avoiding
lysosomal degradation. The primary obstacle,
nevertheless, is developing viral vectors that can
infect mammalian cells even in the absence of
replication machinery. Lentiviruses, retroviruses,
and adenoviruses are often utilized viruses in this
setting. The use of viruses presents serious safety
problems despite its potential, including the
possibility of insertional mutagenesis and proto-
oncogene activation, undesired viral replication,
and severe immune responses. [61] Retroviruses
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are better suited for ex vivo administration since
they can only infect dividing cells and have a
limited capacity for loading genetic material. On
the other hand, adenoviruses  remain
extrachromosomal ~ while lentiviruses  and
adenoviruses can transfer genes into non-dividing
cells, lowering the possibility of damaging the host
genome. These viral systems hold special
significance in the context of cytotoxic gene
therapy. Nonviral vectors, such liposomes
(virosomes) and nanoparticles, are becoming more
and more popular since they are easier to
synthesize and elicit a lesser immune response. For
these nonviral techniques to be applied effectively,
issues including poor gene expression and
ineffective gene transfer must be resolved. [62]
General Mechanisms Consideration

1. Tissue-targeting design, controlled release,

and surface functionalization

Many techniques have been investigated to direct
medications to certain locations, either actively, by
employing ligands to reach desired targets, or
passively, as a result of physiological processes.
Interaction with cell receptors is made possible by
surface modification of drug carriers with
bioactive molecules that can be adsorbed, coated,
conjugated, or connected to them. This interaction
shows a preferential affinity for particular tissues
or cells, which improves medication absorption.
Additionally, modified coatings that include
chitosan and albumin can stop enzymatic
breakdown in the gastrointestinal tract and plasma.
The application of monoclonal antibodies (or
fragments) with non-antibody ligands, such as
carbohydrates that are particular to cell surfaces
and called lectins, has been studied. Small
compounds or peptide agonists/antagonists for
receptors that are overexpressed in particular
organs (such as folate, transferrin, and
galactosamine) have been developed more
recently. However, non-antibody ligands may
express themselves non-selectively, targeting
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ligands might improve distribution to unwanted
regions, and immunoconjugates present problems
with immunogenicity and retention in the
reticuloendothelial system (RES). [63] Coatings
that change the lipophilicity/hydrophilicity profile,
inhibit immune cell absorption, and enhance cell
identification are examples of carrier surface
modification. For instance, after an intravenous
injection, opsonization  and  subsequent
phagocytosis by RES cells frequently result in the
nanoparticles being removed from the plasma in a
matter of minutes. Applying surface ligands such
as PEG, a hydrophilic polymer that increases
resistance to plasma protein binding and inhibits

serum-induced  aggregation, can lessen
opsonization. By doing this, immunological
reactions are prevented by decreasing

opsonization and identification by phagocytes.
PEG also limits the ability of enzymes to reach
dendrimer scaffolds, which lessens breakdown.
[64] PEG-coated liposomes and nanoparticles
lengthen residence lengths in vivo by up to 200
times in humans and considerably lengthen
circulation times. However, surface density, chain
length, and avoiding liver absorption all affect how
effective PEG is. Notwithstanding their benefits,
PEG carriers may cause an immunological
reaction following repeated injections, referred to
as the accelerated blood clearance (ABC)
phenomenon, which increases build-up in the
spleen and liver. As a result, novel approaches are
being investigated, such as substituting polyomino
acid polyhydroxy ethyl-L-asparagine (PHEA) for
PEG, which has demonstrated favourable
extended circulation durations and a decreased
ABC phenomenon. [65] Furthermore, employing
a hydrazine-cholesteryl hemi succinate linkage to
PEG has demonstrated pH-responsiveness at pH
5.5 and stability at physiological pH, making it
cleavable by esterase. Along with promoting
extended circulation and stealth shielding,
poly(ethylene oxide) (PEO) and its derivatives
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have good biocompatibility and low toxicity. In
addition to having some stealth qualities, polymers
like PLA and PLGA can aid in gastrointestinal
absorption. Another important component of
targeting is the surface charge (zeta potential) of
carriers, which influences interactions with
surfaces, cell membranes, and plasma proteins,
ultimately affecting clearance and distribution
patterns. Because of their overall anionic charge,
cationic surfaces—Ilike those made from chitosan
coating—show high interaction with surfaces and
cell membranes. Nevertheless, the minor negative
surface of PLGA nanoparticles tends to limit their
interaction and intracellular uptake of negatively
charged plasmids. [66] Drugs can be delivered
from carriers into cells in two primary ways: either
the drug is released from the carrier and absorbed
by the cell, or the carrier is absorbed into the cell
and releases its contents gradually. There are
several ways that cells can absorb nanoparticles,
but the most important one is endocytosis. For
particles bigger than 200 nm, caveolae-mediated
endocytosis is frequently the main mechanism;
however, other mechanisms that contribute to
nanoparticle uptake include lipid raft-associated
receptors, actin and clathrinid, microtubules, and
processes that are dependent on cholesterol. The
uptake of nanoparticles is significantly influenced
by their surface charge. [67] Anionic dendrimers,
for example, are generally endocytosed by
clathrinid-dependent mechanisms that encourage
tight junction opening, but are not dependent on
caveolin-mediated endocytosis. Previous research
on PAMAM dendrimers revealed that electrostatic
interactions between their negatively charged
proteoglycan surfaces on mammalian cell surfaces
and their cationic primary amine surface groups
drive  their internalization by inducing
micropinocytosis and clathrinid-mediated
endocytosis. In order to guarantee efficient drug
administration, nanoparticles need to be
engineered to withstand degradation in the acidic
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lysosome environment—a typical cell degradation
process. Dendrimers are discovered in endosomes
once they have saturated the lysosomal pathway.
[68] Nanotechnology advancements have made it
possible to build carriers that may specifically
target the nucleus of cells or other disease-causing
organelles, enabling a concentrated and direct
release of the medication at the desired location.
Using outside stimuli to momentarily boost cell
junction permeability—such as ultrasound—is
another strategy to improve cellular drug uptake.
For example, liposomes could profit from this
method. In order to boost drug accumulation at
particular areas, passive targeting makes use of
physiological characteristics such as the increased
permeability and retention (EPR) effect, which is
frequently employed in cancer therapy.
Nevertheless, controlling the release profile of
novel drug carriers is crucial since sudden releases
of highly potent medications, particularly those
used to treat chronic illnesses, can have
unanticipated harmful effects. [69] Bi-association
of liposomes enclosed in polymeric particles and
the use of chitosan and alginate, which have been
demonstrated to inhibit burst releases, are two
methods for achieving controlled release.
Controlled release can also be affected by
surfactants, industrial techniques, and
microparticles  incorporating  nanoparticles.
Heterogeneous drug distribution, temperature
during solvent removal, the physicochemical
nature of the polymer matrix (e.g., using non-
water-soluble polymers to prevent water uptake),
porosity, recovery techniques, and the
concentration of the incorporated drug are
additional factors that impact controlled release.
[70]

2. Combining  Treatment with
Simultaneously Encapsulated
Multiple medications may be delivered at once by
these drug delivery systems. PLGA nanoparticles,
for example, can be loaded with vincristine

Drugs
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sulphate and verapamil hydrochloride to suppress
the P-glycoprotein (P-gP) efflux system and
deliver chemotherapeutic drugs. This method can
improve the therapeutic index and overcome
tumour resistance. Comparable tactics have been
used to administer cyclosporine A and
doxorubicin. According to recent research, PLGA-
PEG interacts with P-gP, which could increase
these systems' effectiveness. The properties of the
medications to be encapsulated must be carefully
considered when designing these systems.
Hydrophobic medications are apt to be
encapsulated in hydrophobic polymers, whereas
hydrophilic drugs are more likely to be
encapsulated in hydrophilic polymers. [71] In
order to solve this, new polymers have been
created, such as PCL-PEG or (PLA-PEG-PLA)n,
which may successfully encapsulate hydrophilic
and hydrophobic medications, such as retinoic
acid and calf thymus DNA, respectively. Another
tactic to improve treatment efficacy, especially in
cancer therapy, is to design systems with distinct
release rates for every medication. For instance, to
efficiently counteract cancer medication resistance
mechanisms, paclitaxel and C6-ceramide have
been encapsulated in a regulated blend polymer of
PLGA-PbAE. [72]

3. Distribution of Carriers

The reticuloendothelial system (RES) can be
internalized and removed from the systemic
circulation, it presents serious hurdles to drug
carrier systems, especially in the liver and spleen.
After intravenous (IV) delivery of PLGA
nanoparticles, the liver absorbs most of them
(about 40%), followed by the kidneys (26%) heart
(12%) brain (13%) and other organs (less than
25%). Very little of the nanoparticles end up in the
plasma. PLGA-PbAE nanoparticles have shown
comparable  dispersion  patterns.  Because
intraperitoneal (IP) injection causes a variable
distribution due to lymphatic clearance, the route
of administration is also very important in
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determining the distribution pattern. More
hydrophilic particles are quickly removed from the
system, which is influenced by the lipophilicity of
the carriers. [73] Furthermore, the pH of the media
can modify the surface charge of the nanoparticles,
changing their absorption by cells and overall
dispersion throughout the body. The route of
administration has been found to significantly
affect the distribution of 10 nm gold nanoparticles
functionalized with different groups to achieve
varied zeta potentials (neutral, negative, positive,
and zwitterionic). After intravenous
administration, neutral and zwitterionic particles
showed improved circulation, but positively
charged particles showed a tenfold decrease in
peak plasma concentration and were removed in
15 minutes. The main cause of these differences in
bioavailability is opsonization, a process that also
occurs with dendrimers and entails local
macrophages recognizing the nanoparticle. [74]
PROBLEMS WITH THE WAY THAT
DRUGS ARE DELIVERED NOWADAYS
New developments in drug delivery technologies
have made it possible to direct medications made
from different plant sources to certain body parts
that require therapy. But even with these
achievements, there are still a number of
restrictions and difficulties. A significant obstacle
impeding the advancement of medication delivery
devices is the scarcity and diversity of existing
literature. Research must be advanced by a
thorough literature, especially in the field of
nanomedicine. Translating nanotechnology from
research to therapeutic applications is hampered
by the variable characterization of experimental
details and the heterogeneity of published data.
Although tailored administration and increased
efficacy are two of the many potential advantages
of nanoparticles, questions about their safety and
potential interactions with non-specific proteins
and unwanted organs still need to be addressed.
Their broad wuse in medical therapies is
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complicated by the absence of a thorough
knowledge of these elements. Large particles are
used as carriers in a lot of current delivery systems,
which can have disadvantages like low solubility,
poor absorption, instability in vivo, and
unfavourable side effects after administration. By
boosting target-specific delivery, reducing side
effects in the human biological system, and
increasing bioavailability, the switch to smaller
particles presents a viable answer to these
problems. [75]
FUTURE
CONCLUSION:
Indeed, drug delivery and nanomedicine have
emerged as two very fascinating areas of study in
recent years, drawing a lot of interest from both
academic and clinical research. Notwithstanding
the obstacles that have impeded the extensive
clinical implementation of multimodal delivery
methods, the present progress exhibits
considerable potential. Collaboration between
multiple disciplines, such as academic theory,
laboratory experiments, medical understanding,
and pharmaceutical experience, is necessary to
achieve effective drug transport from bench to
bedside. Scholars such as Vargas et al. support the
use of cell treatments to overcome the problems
with current drug delivery methods' bio-
acceptability. According to their proposal, cell
treatments have the ability to overcome innate
biological barriers and trigger natural responses
within the body, thereby offering a sustainable
source of complex biologics. Adepu proposes
novel approaches to address the current problems
in drug delivery, including the use of molecular
imprinting polymers, microfluidics, and inorganic
mesoporous nanoparticles. According to Khalid et
al., priming agents can optimize tissue interactions
without having a negative impact on patients by
changing the biological milieu at the
administration site and increasing the efficacy of
drug delivery. Furthermore, investigating cell-

DIRECTIONS AND
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based medication delivery methods within

biomaterial frameworks—which combine human

system-native Nano biomaterials with cells—
represents an innovative and promising strategy.

This innovative approach has the potential to

produce highly efficient and targeted medication

delivery patterns. Even with these developments,
thorough research and clinical trials are still
necessary to improve the effectiveness and get
over the difficulties that come with using
contemporary drug delivery systems. In order to
fully  utilize  medication  delivery  and
nanomedicine in clinical practice, several issues

must be resolved. [76]
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