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Inflammation is a defensive response to infection, injury, or harmful stimuli. Acute
inflammation supports healing and immunity, but chronic inflammation can lead to
serious conditions such as rheumatoid arthritis, inflammatory bowel disease, asthma,
cardiovascular disease, diabetes, neurodegenerative disorders, and cancer. Conventional
treatments include NSAIDs, cortisone or steroids, and immune-suppressants, but these
have limitations like poor absorption, lack of site targeting, side effects, frequent dosing,
and poor patient compliance.Materials and MethodsRecent advancements in
pharmaceuticals have introduced sophisticated drug delivery systems designed to
maximize therapeutic effectiveness and minimize adverse effects. Examples include
nanoparticles, liposomes, microspheres, hydrogels, nano-emulsions, dendrimers,
transdermal systems, and targeted carriers. These systems aim to deliver anti-
inflammatory agents directly to sites of inflammation.ResultsThe use of advanced drug
delivery systems demonstrates enormous promise in the management of inflammation.
These systems increase the stability of drugs during storage, prolong the circulation time
of therapeutic agents in the body, and enhance the delivery of the intended dose to the
specific site of inflammation. They also provide controlled release from their storage
forms and allow targeted action at inflamed sites. Furthermore, novel nanotechnology-
based and stimuli-responsive materials create new possibilities for personalized and
effective methods of managing inflammation, thereby offering significant
improvements over conventional therapies.ConclusionRecent reviews highlight the
pathophysiology of inflammation, limitations of conventional therapies, and the
potential of emerging smart drug delivery systems. Particular emphasis is placed on
nanotechnology-based targeted delivery, clinical applications, challenges of current
therapies, and future prospects for anti-inflammatory treatments.
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INTRODUCTION

The body produces reactive substances to protect
itself against foreign particles in an inflammatory
response. An immune response will occur after
you become infected with microbes, injured, or
exposed to toxins. This marks the beginning of the
body's first line of defense and assists in
eliminating harmful stimuli and commencing
repair to damaged tissue. [1,2,3] The inflammatory
response is actually a very intricate process
involving several physiological changes (blood
vessel dilation, recruitment of various immune cell
types) and the activation of an array of chemical-
mediators post (cytokines,
prostaglandins, histamine/leukotrienes). [4,5]

There are two common forms of Inflammation:

exposure

Acute & Chronic. Acute Inflammation occurs for
a short period of time and has the classic symptoms
of being Red, Swollen, Hot, Painful and also
limiting the use of the area of the body that is
swollen and inflamed. Acute Inflammation will
usually go away as soon as the Stimulus that
caused the Injury gets taken away. Chronic
Inflammation  lasts  longer than  Acute
Inflammation and causes or contributes to the
progression of many types of Chronic Disease
such as; Arthritis, Cardiovascular Disease,
Asthma, Inflammatory Bowel Disease, Psoriasis,
Alzheimer’s Disease and Cancer. [6,7,8]

Traditional anti-inflammatory medications have
an important role for treating inflammatory
diseases. While NSAIDs block the action of the
cyclooxygenase and decrease the
production of prostaglandin, corticosteroids block
the immune response and the action of
inflammatory chemicals. Although these drugs are
very effective, there are numerous side effects
associated with their use including irritation of the
stomach lining (ulcerative gastritis), toxicity to the
kidney (nephrotoxicity), suppression of the
immune system (immunosuppression), elevated

enzymes
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blood pressure (hypertension), and liver toxicity
(hepatotoxicity). Additionally, since traditional
dosage forms of medication do not have sufficient
site-specific delivery capabilities, there are lower
levels of effectiveness at the site of action and
greater levels of side effects throughout other areas
of the body. [9,10,11]

In order to overcome these limitations, efficient
drug delivery systems have become of significant
interest in recent years, as they aim to enhance
drug targeting, improve adverse effects, and
increase  bioavailability and/or provide a
continuous or controlled release of the drug.
Nanocarriers and targeted delivery systems using
nanotechnology have the greatest potential for use
as therapeutic agents because they enable the
direct and efficient delivery of therapeutic agents
to areas of inflammation. [12,13,14]

The development of modern drug delivery systems
has transformed the field of inflammation therapy
by enabling precise and personalized treatment
strategies. Therefore, understanding the role of
advanced delivery systems is essential for
improving the safety and effectiveness of anti-
inflammatory therapy. [15,16]

2. Pathophysiology of Inflammation

The inflammatory response starts when immune
cells such as macrophages, neutrophils, mast cells,
and dendritic cells are activated. These cells
secrete  inflammatory  mediators  including
histamine, prostaglandins, tumor
necrosis factor-alpha TNF-a), and interleukins.
[17,18]

cytokines,

2.1 Mechanism of Inflammatory Response

The inflammatory response starts when immune
cells such as macrophages, neutrophils, mast cells,
and dendritic cells are activated. These cells
inflammatory  mediators  including

cytokines, prostaglandins, tumor

secrete
histamine,
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necrosis factor-alpha TNF-a), and interleukins.
[19,20]
The major steps involved in inflammation include:

(1]

(2]

the
when

stimuli as
initiates

Detection of harmful
inflammatory  response
immune cells recognize damaging substances
including pathogens, toxins, allergens, or
damaged tissues via specific receptors located
on their surface. [21]

Release of inflammatory mediators on
detecting a harmful stimulus, immune cells
secrete a range of chemical mediators such as
histamine, cytokines, prostaglandins, and
leukotrienes that trigger and modulate the
inflammatory response. [22]
Vasodilation and heightened
permeability cause blood vessels in the
affected region to widen and become more
porous, facilitating the movement of plasma
proteins, nutrients, and immune cells from the
bloodstream into the injured tissues. [23]

vascular

The movement of white blood cells especially
neutrophils and macrophages to the site of
injury involves chemotaxis, a process by
which these cells are drawn to areas of
inflammation to eliminate pathogens and clear
away dead cells. [24]

Pathogen and damaged cell elimination as
once  activated, cells
phagocytose organisms that are infectious and

immune will
produce toxins to create tissue destruction and
will also phagocytose dead portions of tissue
preventing additional tissue destruction and
spread of infection. [25]

Tissue Healing after removal of the noxious
(harmful) agent, the body initiates tissue
healing responses by means of cell
regeneration, collagen production and
restoring normal tissue structure and function.
[26]

Although acute inflammation typically has a
positive effect in terms of providing protection, the
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development of chronic inflammatory disease
occurs when the body cannot control or cease the
inflammatory process.

2.2 Function of Cytokines and Other Mediators
of Inflammation

Cytokines are small protein-based signalers that
modulate or regulate the body's immunological

response and its

ability to carry out an

inflammatory response. Some of the key cytokines
that are involved in the inflammatory process
include the following:

Interleukin 1 (IL-1): This is mainly a pro-
inflammatory cytokine released by activated
macrophages. It is an important modulator of
the initiation of the inflammatory process as it
is responsible for initiating fever, promoting
the activation of leukocytes and stimulating
other pro-inflammatory mediators to produce
inflammation. [27]

Interleukin 6 (IL-6): IL-6 has both an acute
and chronic involvement in the inflammatory
process. It is responsible for differentiating
immune  cells, stimulating  antibody
production, and inducing fever and tissue
inflammation in both infectious and
autoimmune diseases. [28]

Tumor necrosis factor alpha (TNF-a):
TNF-a is a primary cytokine responsible for
causing systemic inflammation. It causes
increased vascular permeability, activation of
immune cells, and is associated with the long-
term  destructive effects of  chronic
inflammatory disease processes, such as
rheumatoid arthritis and inflammatory bowel
diseases, [29]

Interferons: Interferons are cytokines
produced as a consequence of viral infections.
They play an important role in regulating the
body's immunological response by activating
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immune cells and preventing viruses from
replicating within infected tissues. [30]

Some other key inflammatory mediators that
induce pain and inflammation are:

Histamine: released primarily from mast
cells (a type of white blood cell involved in
allergic reactions) and basophils (type of
white blood cell that is part of the immune
system), histamine is produced in response to
inflammatory stimuli in the body, and
functions to widen blood vessels, increasing
their permeability. This results in redness,
swelling, and itching (i.e., the foreign
substance or pathogen has entered your
body). [31]

Bradykinin: Bradykinin, a peptide, is another
key mediator of pain and inflammatory
reactions, which promotes vasodilation
(widening of blood vessels) and increases
which results in
swelling and tenderness in the tissue. [32]

vascular permeability,

Prostaglandins: Prostaglandins (lipid-based
mediators) are synthesized from arachidonic
acid (an omega-6 fatty acid found in the
phospholipid bilayer of human cells) through
the action of cyclooxygenase enzymes and are
primarily responsible for producing pain,
fever, and inflammation. NSAIDs exert their
pain-relieving effects by blocking the action
of cyclooxygenase enzymes and thereby
inhibiting the production of prostaglandins.
[33]

Leukotrienes: Leukotrienes are
inflammatory mediators produced primarily
by leukocytes (white blood cells) and are
involved in a number of inflammatory
diseases, such as asthma, and allergic
reactions. They cause bronchoconstriction
(narrowing of the airways in the lungs),
increased mucus production in the respiratory
tract and the recruitment of immune cells to
the site of inflammation. [34]
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Nitric oxide (NO): Nitric oxide is a signaling
molecule that is produced in the body and
regulate the
(constriction/dilation) of blood vessels and the
immune response. Excess levels of NO during
inflammation can lead to collateral tissue
damage and oxidative stress. [35]

functions to tone

2.3 Common Inflammatory Disorders

There are numerous diseases that are related to
chronic inflammation, which include

Rheumatoid  arthritis (a  long-term
autoimmune inflammatory disease that is
predominantly an illness affecting the joints
with sign symptoms of pain, swelling,
stiffness and ultimately destruction of
cartilage bone); the persistent

inflammation from rheumatoid arthritis can

and

have a negative impact on the body's other
organs, including the lungs and heart. [36]
Osteoarthritis is a progressive joint disease
that is associated with the development of
chronic  low-grade inflammation that
contributes to the degrading of cartilage,
leading to joint pain, decreased range of
motion and stiffness in individuals who are
older. [37]

Asthma is a chronic inflammatory condition
of the airways that is caused by inflammation
around the bronchial tubes, narrow airways,
mucus production and difficulty in breathing.
It can occur in response to allergens,

infectious agents, and/or environmental
factors. [38]
Psoriasis is a chronic inflammatory

dermatologic condition associated with an
exaggerated immune response leading to
rapid proliferation of skin cells resulting in
red, scaly, and itchy lesions of the skin. [39]

Inflammatory bowel disease includes
Crohn's disease and ulcerative colitis, in
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which the gastrointestinal tract is inflamed for
long periods of time, resulting in symptoms
such as belly pain, diarrhea, rectal bleeding
and weight loss. [40]

e Cardiovascular diseases Chronic
inflammation causes endothelial damage,
plaque formation and atherosclerosis, thereby
contributing to an increased risk of a heart
attack or stroke. [41]

e Diabetes mellitus: Chronic inflammation
leads to insulin resistance and impaired
glucose metabolism in people with type 2
diabetes (diabetes mellitus), resulting in
increased blood sugar and complications
associated with it. [42]

e Neurodegenerative disorders: Long-term
inflammation in the nervous system is
associated with neurodegenerative disorders
like Alzheimer’s disease and Parkinson’s
disease, where inflammatory mediators cause
neuronal death and cognitive impairment. [43]

e Cancer: Long-term inflammation causes
DNA damage and stimulates abnormal cell
growth, and creates a tumor-promoting
microenvironment, leading to the emergence
and growth of cancer. [44]

The rise in the number of people with these

diseases has caused an increase in the research and

development of safe and effective new anti-
inflammatory therapies.

3. Conventional Anti-inflammatory Therapies

3.1 Non-Steroidal Anti-inflammatory Drugs
(NSAIDs)

NSAIDs continue to be among the most
commonly prescribed anti-inflammatory drugs
due to their capacity to block cyclooxygenase
enzymes and reduce prostaglandin production.
Commonly used drugs like ibuprofen, diclofenac,
naproxen, aspirin, and celecoxib help alleviate

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

pain, swelling, and fever linked to inflammatory
conditions. [45]

Despite their therapeutic benefits, NSAIDs are
associated with several limitations including
gastrointestinal ~ ulceration, renal toxicity,
cardiovascular complications, and short biological
half-lives. Frequent often
necessary  to therapeutic  drug
concentrations, which may further increase the

risk of adverse effects. [46]

administration is
maintain

3.2 Corticosteroids

Corticosteroids such as prednisolone and
dexamethasone suppress inflammatory responses
by inhibiting cytokine production and immune cell

activation. [47,48]

Adverse Effects

e Immunosuppression
e Osteoporosis

e Hyperglycemia

o Weight gain

o Hypertension

3.3 Immunosuppressive Agents

Immunosuppressive drugs such as methotrexate,
cyclosporine, and azathioprine are used in
autoimmune inflammatory diseases. [49,50]

Limitations

e Increased risk of infections
e Organ toxicity

e Bone marrow suppression
e Long-term safety concerns

3.4 Limitations of Conventional Dosage Forms

Traditional dosage forms such as tablets, capsules,
and injections often suffer from: [51]

e Poor site specificity

e Rapid drug clearance
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o Low bioavailability

e Dose fluctuations

e Systemic adverse effects

These limitations have spurred the creation of
more sophisticated drug delivery methods.

4. Advanced Anti-inflammatory Drug Delivery
Systems

These systems are engineered to enhance the
pharmacokinetic and pharmacodynamic properties
of anti-inflammatory medications. [52]

4.1 Nanoparticles

Nanoparticles: Due to their  distinctive
physicochemical properties, nanoparticles can
penetrate inflamed tissues more effectively than
traditional dosage forms. Their surface can also be
altered to enhance targeting efficiency, circulation
time, and interaction with biological membranes.
[53]

Nanoparticles are colloidal carriers whose particle
sizes fall within the range of 1 to 1000 nanometers.
They are commonly employed in targeted anti-
inflammatory treatments due to their compact size
improved permeability. The distinct
physicochemical characteristics of nanoparticles
enable them to penetrate inflamed tissues more
effectively than traditional drug delivery methods.
Their surface can also be altered to enhance

and

targeting efficiency, circulation time, and
interaction with biological membranes. [54,55]
Types  of  Nanoparticles  The  unique
physicochemical properties of nanoparticles allow
them to penetrate inflamed tissues more efficiently
than conventional dosage forms. Their surface can
also be modified to improve targeting efficiency,
circulation time, and interaction with biological
membranes. [56]

Polymeric Nanoparticles The unique
physicochemical properties of nanoparticles allow
them to penetrate inflamed tissues more efficiently
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than conventional dosage forms. Their surface can
also be modified to improve targeting efficiency,
circulation time, and interaction with biological
membranes. [57,58]

These are prepared using biodegradable polymers
such as PLGA, chitosan, and alginate.

Advantages

e Controlled drug release

o Improved stability

o Enhanced bioavailability

e Reduced toxicity

Solid Lipid Nanoparticles The unique
physicochemical properties of nanoparticles allow
them to penetrate inflamed tissues more efficiently
than conventional dosage forms. Their surface can
also be modified to improve targeting efficiency,
circulation time, and interaction with biological
membranes. [59,60]

These nanoparticles contain solid lipids and offer
better drug stability and biocompatibility. The
unique physicochemical properties of
nanoparticles allow them to penetrate inflamed
tissues more efficiently than conventional dosage
forms. Their surface can also be modified to
improve targeting efficiency, circulation time, and
interaction with biological membranes. [61]

Applications

e Arthritis treatment
o Topical anti-inflammatory therapy
e Pulmonary drug delivery

4.2 Liposomes

Liposomes have gained considerable importance
in pharmaceutical research because they can
encapsulate a wide variety of therapeutic agents

while reducing systemic toxicity. Their
phospholipid  structure  closely  resembles
biological ~membranes, thereby improving

compatibility with body tissues. [62]
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Liposomes are spherical structures made up of
phospholipid bilayers. They are capable of
enclosing both water-soluble and fat-soluble
drugs. Liposomes have become increasingly
significant in pharmaceutical research due to their
ability to encapsulate a broad range of therapeutic
agents while minimizing systemic toxicity. Their
phospholipid structure closely mimics biological
membranes, enhancing compatibility with body
tissues. [63,64]

Advantages of Liposomes Liposomes have gained
considerable importance in pharmaceutical
research because they can encapsulate a wide
variety of therapeutic agents while reducing
systemic toxicity. Their phospholipid structure
closely resembles biological membranes, thereby
improving compatibility with body tissues. [65]

e Biocompatibility

e Reduced toxicity

o Site-specific delivery

o Sustained release

Therapeutic Applications

Many clinical studies have explored the use of
liposomes to treat rheumatoid arthritis, psoriasis,
and inflammatory bowel diseases. They are
becoming increasingly important to
pharmaceutical research due both to their ability to
carry a broad range of therapeutic agents and
reduce systemic toxicity when used as delivery
vehicles. Another advantage of liposomes is that
their phospholipid structure is similar to that of
biological membranes, which may improve their
compatibility with human body tissues. [66,67]

4.3 Microspheres and Microcapsules

Microspheres are tiny spherical particles designed
to deliver drugs in a controlled and sustained
manner. [68,69]

Benefits
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o Extended drug release
e Reduced dosing frequency
o Improved patient compliance

Clinical Applications

o Injectable anti-inflammatory formulations
e Oral sustained-release dosage forms

4.4 Hydrogels

Hydrogels are increasingly being investigated for
localized drug delivery because of their high water
content and soft tissue-like characteristics. These
systems can provide prolonged retention of
therapeutic agents at the site of inflammation
while minimizing systemic exposure. [70]

Hydrogels are polymer
networks that can absorb significant quantities of
water. Hydrogels are gaining more attention for
localized drug delivery due to their high water
content and tissue-like softness. These systems can
maintain sustained release of therapeutic agents at

three-dimensional

the site of inflammation while reducing systemic
exposure. [71,72]

Types

e Injectable hydrogels: Due to their high water
content and tissue-like softness, hydrogels are
gaining attention for targeted drug delivery.
These systems can help maintain a sustained
presence of therapeutic agents at the site of
inflammation while reducing
exposure. [73]

e Thermosensitive hydrogels: Hydrogels are

systemic

gaining attention for targeted drug delivery
due to their high water content and tissue-like
softness. These systems can maintain
sustained delivery of therapeutic agents to the
site of inflammation while reducing systemic
exposure. [74]

o pH-sensitive hydrogels: Hydrogels are
gaining attention for targeted drug delivery
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due to their high water content and tissue-like
softness. These systems can maintain a
sustained presence of therapeutic agents at the
site of inflammation while reducing systemic
exposure. [75]

Advantages

e Localized drug delivery

e Controlled release

o Excellent biocompatibility

Hydrogels are commonly used in wound healing
and  topical management.
Inflammation is not only a protective biological
mechanism, but also a highly coordinated process
that determines how effectively the body responds
to tissue injury and infection. The intensity and
duration of the inflammatory response often

inflammation

influence the progression and outcome of several
acute and chronic disorders. [76]

4.5 Nanoemulsions

Nanoemulsions are thermodynamically stable
systems containing oil, water, surfactants, and co-
surfactants. [77]

Advantages

e Improved solubility
o Better skin penetration
o Enhanced bioavailability

Applications
e Topical delivery of NSAIDs
e Ocular inflammation treatment
e Dermal inflammatory disorders

4.6 Transdermal Drug Delivery Systems

These systems administer medication through the
skin via patches, gels, or films. [78]

Benefits
e Avoid first-pass metabolism
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e Sustained drug release
e Better patient compliance
e Reduced gastrointestinal toxicity

Applications

e Diclofenac patches
o Ketoprofen gels
e Lidocaine patches

4.7 Dendrimers

Dendrimers are highly branched nanostructures
with controlled architecture. [79]

Advantages

e High drug loading capacity

o Improved solubility

o Controlled release

Dendrimers are increasingly explored for targeted
delivery of anti-inflammatory agents.

4.8 Targeted and Smart Drug Delivery Systems

Targeted drug delivery systems transport drugs
specifically to inflamed tissues. [80]

Ligand-Targeted Systems

These systems use antibodies,
receptors for selective targeting.

peptides, or

Stimuli-Responsive Systems

These systems deliver drugs in reaction to
particular stimuli such as:

e pH changes

o Temperature

e Enzymes

e Magnetic fields

e Light

Smart systems minimize systemic exposure and
improve therapeutic efficacy.
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5. Role of Nanotechnology in Inflammation
Treatment

Role of Nanotechnology in Inflammation
Treatment Inflammation is not only a protective
biological mechanism, but also a highly
coordinated process that determines how
effectively the body responds to tissue injury and
infection. The intensity and duration of the
inflammatory response influence the
progression and outcome of several acute and
chronic disorders. [81]

Nanotechnology has transformed the treatment of
inflammatory diseases through its ability to deliver
drugs with precision and targeting. Recent
progress in nanotechnology has greatly enhanced
the accuracy and efficacy of anti-inflammatory

often

treatments. Nanocarriers are currently being
engineered with multifunctional capabilities to
enable simultaneous targeting, imaging,

controlled drug delivery. [82,83]

and

5.1 Nanocarriers

Nanocarriers protect drugs from degradation and
improve their circulation time. [84]

Common nanocarriers include:

e Polymeric nanoparticles

e Lipid nanoparticles

e Liposomes

o Dendrimers

e Carbon nanotubes

5.2 Surface Modification

Surface  modification  improves  targeting
efficiency and reduces immune recognition. [85]
Examples include:

o PEGylation

e Antibody conjugation

e Ligand attachment

5.3 Site-Specific Targeting
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Nanotechnology enables selective accumulation
of drugs at inflamed tissues through passive and
active targeting. [86]

Advantages

e Reduced toxicity

o Lower dose requirements

o Enhanced therapeutic outcomes
Nanotechnology formulations have been shown to
be effective in treating several diseases, including
rheumatoid arthritis, psoriasis, and inflammatory
bowel disease.

6. Current Research and Applications

Over the past ten years, the number of studies on
new delivery systems has increased at an
unprecedented rate. [87]

6.1 Studies Says

The wuse of nanotechnology-based delivery

systems has resulted in improved efficacy in many

studies. [88]

Examples include:

e Curcumin-loaded nanoparticles for arthritis

e Liposomal corticosteroids for inflammatory
bowel disease

o Hydrogel-based wound healing systems

e Nanoemulsion formulations for topical
inflammation

6.2 Approved Formulations

Several advanced delivery systems have already
been granted clinical approval. [89]

Examples include:

e Liposomal diclofenac formulations

e Transdermal anti-inflammatory patches

o Controlled-release corticosteroid injections

6.3 Ongoing Clinical Trials

Current clinical trials focus on: [90]
o Targeted biologic delivery
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e Nanoparticle-mediated therapy

e Smart hydrogels

e Gene delivery systems

The growing number of clinical studies suggests
significant future potential for these systems.

7. Advantages and Limitations

7.1 Advantages of Advanced Drug Delivery
Systems [91,92,93]

Lower Toxicity
Targeted delivery reduces healthy tissue exposure
and lowers negative effects.

Improved Patient Compliance

Controlled release systems decrease dosing

frequency.

Increased Bioavailability
New carriers improve the absorption and stability
of drugs.

Controlled Drug Release
Sustained release systems provide longer periods
of therapeutic drug levels.

Site-Specific Targeting
Targeted delivery systems transport drugs directly
to inflamed tissues.

7.2 Limitations [94,95]

Stability Challenges —
Physical or Chemical Stability has been shown to
be inadequate with some nanocarriers.

Costly Manufacturing —
Advanced formulations often require specialized
machinery and processing technology.

Regulatory Compliance —

Formulations that are complex often come with
stringent regulatory requirements for Safety
(including Efficacy).
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Safety/Ecotoxicity —

Safety (Including Long-term Toxicity) associated
with certain nanomaterials are still under
investigation.

8. FUTURE PERSPECTIVES

The future of anti-inflammatory drug delivery
systems is highly promising.

8.1 Personalized Medicine

Personalized therapy based on patient genetics and
disease profile is expected to improve treatment
outcomes. [96]

8.2 Artificial Intelligence in Drug Delivery

Artificial intelligence can assist in: [97]
e Drug formulation design

e Predicting drug release patterns

o Optimizing targeting strategies

e Clinical decision-making

8.3 Advanced Biomaterials

Novel biomaterials with improved
biocompatibility and responsiveness are under
development. [98]

Examples include:

e Smart polymers

o Biodegradable nanomaterials

e Hybrid delivery systems

8.4 Gene and Cell-Based Therapy

Gene delivery and stem cell-based systems may
provide long-term treatment options for chronic
inflammatory diseases. [99]

8.5 Future Scope in Healthcare

Future anti-inflammatory therapies are expected to
become: [100]

e More targeted

o Safer
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o Cost-effective

e Personalized

e Minimally invasive

Ongoing research and technological progress will
be essential in enhancing patient care.

CONCLUSION

Inflammation is a key factor in the onset of
While
traditional anti-inflammatory drugs continue to
play a key role in clinical use, their drawbacks
including inadequate targeting,
bioavailability, and systemic toxicity have spurred
the creation of more sophisticated drug delivery
systems. [101,102] Inflammation is not only a
protective biological mechanism, but also a highly
coordinated process that determines how
effectively the body responds to tissue injury and
infection. The intensity and duration of the
inflammatory response
progression and outcome of several acute and
chronic disorders. [103]

New methods of delivering drugs - including
nanoparticles, liposomes, hydrogels,
microspheres, nano emulsions, dendrimers, and

numerous acute and chronic diseases.

low

often influence the

transdermal systems - have led to significant
improvements in how well anti-inflammatory
drugs work. With these new delivery systems, the
drugs are released in a controlled manner, they are
more readily absorbed into the body, they result in
fewer side-effects, and they are directed to the area
that is inflamed. [104] The unique properties of
nanoparticles allow them to get into inflamed
tissue more quickly and easily than any other type
of dosage form. Additionally, the surface of the
nanoparticle can be modified to allow better
targeting, longer periods of circulation, and to
better interact with the membranes of living cells
(e.g., biological tissues). [105,106]

Therapeutic approaches to inflammation have
advanced rapidly over the years; however, there
remains room for continued innovation within this
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field with respect to the development of new
nanotechnology systems and the incorporation of
stimuli-responsive carriers. While manufacturers
face challenges (including manufacturing process,
stability, cost, and regulatory approvals),
continued research is advancing the development
and use of new technologies to help treat
inflammatory diseases [107]. Furthermore, while
inflammation is an important biological defence
mechanism of the body, it is also a choreographed
physiological response that determines the
effectiveness of an individual’s ability to heal from
tissue damage and/or have a favourable
inflammatory response (irrespective of the type of
injury sustained). The duration and severity of
significantly affect the
progression and outcome of several acute and
chronic conditions. [108,109]

To summarize, advanced pharmaceutical
technology is changing how we treat inflammatory
diseases and will be important going forward

inflammation can

because they will allow us to use safer, more
efficient and more user-friendly methods of
treatment. [110] Developments in
inflammatory treatments are likely to be focused
on developing safer biological materials,
developing precision medicine and creating smart
ways to deliver drugs, which can recognize and
respond to specific disease problems in real time.
[111,112]

anti-
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