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ABSTRACT: Inflammation is a critical immune 
response that facilitates survival in the event 
of infection and tissue damage. It involves complex 
cellular and molecular events, including increased 
vascular permeability, immune cell recruitment, 
apoptosis, and tissue regeneration.Acute 
inflammatory responses, triggered by stimuli such 
as ischemia, trauma, or infection, are essential for 
restoring tissue homeostasis. However, when 
inflammation is excessive or unresolved, it 
contributes to the pathogenesis of various chronic 
conditions including metabolic syndrome, 
cardiovascular disorders, and neurodegenerative 
conditions.In fact, our well-being and survival 
depends upon its efficiency and carefully-balanced 
control.  In general, the innate inflammatory 
response initiates within minutes and, if all is well, 
resolves within hours. In contrast, chronic 
inflammation persists for weeks, months or even 
years.  The review examines the underlying 
mechanisms, disease associations, current treatment 
limitations, and emerging anti-inflammatory 
strategies, including metabolic reprogramming, 
gene regulation via microRNAs, and 
nanotechnology based drug delivery systems.
KEYWORDS: Inflammation, Acute inflammation, 
Chronic inflammation, Immune system, Cytokines, 
Myocardial infarction, Metabolic syndrome, 
neurodegenerative disease, Parkinson's disease, 
Cytokines, Anti-inflammatory therapies, NSAIDs,  
Macrophage polarization, Metabolic 
reprogramming.

I. INTRODUCTION:
Inflammation is 

a general biological reaction to injury or 
infection of tissue,  may be  triggered 
 by disease or by contact with a toxic substance. [1] 
It is a dynamic phenomenon involving an 
interaction among multiple kinds of cells, such as b 

lymphocytes, T lymphocytes, myeloid cells, 
epithelial cells, fibroblasts, endothelial cells, 
muscle cells and adipocytes, with each other 
through membrane-associated molecules, matrix 
metalloproteinases (MMPs) and soluble factors, 
such as cytokines, chemokines and growth 
factors.[2] It may arise from many reasons, it can 
be triggered by diverse causes including microbial 
infections, physical trauma, or chemical irritants, 
exposure to foreign particles/irritants/pollutants are 
also potent activators of inflammation ,[3] 
suggesting that this response likely evolved as a 
general adaptation for coping with damaged or 
malfunctioning tissue.[4] Wounds, bruises, blisters 
and fractures are all instances of physical strain that 
can harm tissues and trigger an inflammatory 
response. It is a protective mechanism that aims to 
destroy or isolate the underlying source of the 
disturbance, remove damaged tissue, and then 
restore tissue homeostasis.[5] The etiologies for 
inflammation are varied ranging from microbial 
infections (infections by bacteria, virus, fungi, etc.), 
physical agents (like burns, stress, trauma from 
cuts, radiation), and chemicals (drugs, toxins, 
alcohol) to immunologic reactions 
(e.g., rheumatoid arthritis). Inflammation involves 
the influx of various cells of the host immune 
system and release of numerous mediators to the 
site of assault[6,7,8]

TYPES:
ACUTEvs. CHRONIC INFLAMMATION
Acute inflammation:Acute inflammation is a 
component of natural response of the body 
whichshows a significant impact on tissue damage 
or foreign agents. Inflammatory processes are self-
limiting and self-resolving under healthy 
circumstances, indicating the presence of 
endogenous mechanisms for inflammation and 
resolution regulation. [9,10] It is achieved by the 
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increased movement of plasma and leukocytes (in 
particular granulocytes) from the blood into the 
injured tissues. It causes pain of a sore throat, 
discoloured or flushed skin, pain and tenderness 
that should be mild only at the area of injury, heat, 
redness, swelling or the itching of an insect bite. 
Tissue destruction can occur when the regulatory 
mechanisms of the inflammatory response are 
defective or have  the ability to clear demaged 
tissue. [11]
Chronic inflammation:Chronic inflammation may 
result from acute injury i.e; Long-term tissue 
demage, caused by cell death, cell necrosis, lasting 
months or even years. [12] Unlike acute 
inflammation, which resolves after eliminating the 
initial threat, chronic inflammation ischaracterized 
by persistent immune cell activation, simultaneous 
tissue destruction and repair, and fibrosis. Common 
chronic inflammatory disease includes: 
T2DM,Cardiovascular disease, Rheumatoid 
arthritis, Psoriasis, Inflammatory bowel diseases 
like Crohn’s disease or ulcerative colitis allergies, 
and chronic obstructive pulmonary disease [13]

CAUSES OF INFLAMMATION:
1. Infections(bacteria, fungi, and 

viral):Pneumonitis may be caused through an 
infection of some kind that triggers 
inflammation of the lungs. The body fights 
against these pathogens by activating the 
immune system. 

● Infections and Inflammations from 
Bacteria:Microorganisms, called bacteria, can 
cause infections when they amplify 
reproduction and generate new toxins. The 
body reacts by, dispatching white blood cells 
to get rid of the germs. Examples: Sour Throat, 

https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Granulocyte
https://www.britannica.com/science/pain
https://www.britannica.com/science/sore-throat
https://www.britannica.com/science/itching
https://www.britannica.com/science/insect-bite-and-sting
https://en.wikipedia.org/wiki/Allergy
https://en.wikipedia.org/wiki/Chronic_obstructive_pulmonary_disease
https://en.wikipedia.org/wiki/Chronic_obstructive_pulmonary_disease
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(UTI) Urinary Tract Infections, Bacterial 
Pneumonia. [14]

● Influenza and Viral infections:These include 
even more minute organisms, known as viruse, 
that invade host cells using the cell’s 
machinery to reproduce. Infected cells get the 
attention of the immune system, which result 
in inflammation. Examples of Viral infections 
includes: Influenza (Flu), COVID-19, 
Hepatitis A B and C.[15]

● Yeast infections and inflammation:The 
opportunistic pathogens can lead to infection 
known as fungi that can especially infect those 
with lower immunity. These types of infections 
are known to cause chronic and persistent 
inflammation. Example of these inculdes: 
Candidasis (Yeast Infection), Aspergillosis, 
Ringworm (Tinea). [16]

2. Auto Immune disorder (Lupus, Multiple 
Sclerosis):These two disorders can lead to 
inflammation. Blotches of inflammation on the 
skin alongside other tissues depict Multiple 
Sclerosis (MS) while lupus is an example of 
autoimmune disorder too.Multiple sclerosis 
includes clinicallyisolated syndrome (CIS), 
relapsing-remitting MS (RRMS), secondary 
progressive MS (SPMS), primary progressive 
MS (PPMS), and radiologically isolated 
syndrome (RIS). [17,18]

It involves:
● Problems associated with vision like double 
vision or optic neuritis, which is inflammation of 
the optic nerve and causes pain during eye 
movement as well as loss of vision.
● Weaker muscles, especially in the legs and arms, 
along with painful muscle spasms and stiffening of 
the muscles.
● Tingling, numbness, or discomfort in the limbs as 
well as parts of the torso and face.
● General lack of coordination especially in 
maintaining balanced movements while walking.
● Difficulties with bladder control.
3. Environmental toxins (pollutions, chemical, 

smoking):Environmental 
toxins such as pollution, chemicals, and 
cigarette smoke, have the potential 
to contribute greatly to inflammation in the 
body by stimulating immune 
responses, inducing oxidative stress, and 

directly harming cells, resulting in chronic 
inflammatory disease in different organs, 
most notably the lungs and cardiovascular 
system; this is mainly 
because of the existence of harmful 
compounds in these toxins that have the 
potential to activate inflammatory 
pathways in the body.[19]

● Air pollution: Particulate matter (PM) in air 
pollution can cause direct irritation to lung 
tissue leading to inflammation leading to 
worsening ofrespiratory 
diseases such as asthma and oxidative damage 
to DNA.[20]

● Heavy metals (lead, mercury, 
cadmium): Heavy metals have the ability 
to accumulate within the body 
and cause oxidative stress, resulting in 
inflammation in several organs such as the 
kidneys and liver.[21]

●

Cigarette smoke:Comprises several hundred c
hemicals such as tar and nicotine that directly 
harm lung tissue and induce inflammation, 
raising the risk of COPD and lung cancer.[22]

4. Unhealthy diet (processed food, excessive 
sugar consumption):Over 
the years, with more studies exploring the 
relationship between high sugar diet and 
inflammation, individuals have discovered that 
excessive consumption 
of sugar has direct association with the develop
ment of low-grade chronic inflammation and 
autoimmune disease Low-grade chronic 
has been implicated in obesity 
and increasing body fat for many years, and 
excess dietary consumption of sugar is an 
important factor in obesity and  weight 
gain.[23]

5. Chronic stress (initiate inflammatory 
pathway): Chronic stress may initiate 
inflammatory response within the body, thus 
causing numerous conditions. Stress could 
activate via Sympathetic Nervous System 
(SNS) to release noradrenaline stimulating the 
"fight or flight" response and Neuropeptide Y 
(NPY), these two stress hormones also enable 
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the phosphorylation of Mitogen-Activated 
Protein Kinases (MAPKs) or High Mobility 
Group Box 1 (HMGB1) 
release, thus initiating systematic inflammation 
(IL-6, CRP) to promote CVD development. 
[24]

Sign& Symptoms:
● Redness, swelling, pain, warmth, and loss of 

function. 
● Systemic/Chronic: Discoloured or flushed 

skin, chronic fatigue, brain fog, fever, joint 
pain or stiffness, muscle pain or weakness, 
weight gain or loss, frequent infection, mood 
disturbances (e.g., anxiety, depression). 

LINK BETWEEN INFLAMMATION AND 
CHRONIC DISEASE

Inflammation in Cardiovascular Disease
1. Myocardial Infarction (MI) and 

Inflammation:A myocardial infarction (MI), 
sometimes referred to as a "heart attack," 
occurs when blood flow to a section of the 
myocardium is reduced or stops entirely. 
Myocardial infarction (MI) or heart attack is 
typically brought on by the rupture of 
atherosclerotic plaque, which also causes 
thrombosis (the formation of blood clots) and 
stops oxygen-rich blood flow to the heart 
muscle[25]. Neutrophils and macrophages 
infiltrate the damaged heart tissue as part of the 
inflammatory response that is triggered by 
heart muscle cells following MI. In order to 
help immunocytes like macrophages infiltrate 
and remove the damaged cardiomyocytes, 
these cells release inflammatory cytokines, 
reactive oxygen species, and proteases.This 
inflammation can damage cardiomyocytes 
(heart muscle cells) and impair cardiac 
function in the early hours to days which can 
lead to heart failure. [26,27]

Resolution of Inflammation and Repair: 
Macrophages could also release pro-inflammatory 
cytokines and pro-angiogenic factors to promote 
angiogenesis and cardiac regeneration. The repair 
stage is characterized by the activation of 
fibroblasts fibrosis by releasing growth factors 
(e.g., TGF-β, VEGF) to myofibroblasts, 

accompanied by collagen matrix deposition and 
scar formation. Since inflammation is not properly 
resolved, it can lead to excessive scar formation 
(fibrosis), impairing the heart’s ability to contract 
and increasing the risk of heart failure.[28]
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Mechanism:

Inflammation in metabolic disorder:
Insulin resistance, abdominal obesity, 
dyslipidaemia, hypertension, and hyperglycaemia 
are all hallmarks of metabolic syndrome, a complex 
illness. It increases the risk of stroke, chronic 
kidney disease, non-alcoholic fatty liver disease, 
cardiovascular disease, and type-2 diabetes. [29]
1. In Type 2 Diabetes Mellitus (T2DM):Type 1, 

type 2, and gestational diabetes are the three 
main forms of diabetes mellitus. The 
autoimmune disease known as type 1 diabetes 
is typified by the selective death of the islet β-
cells in the pancreas, which secrete insulin. 
Type-2 diabetes, a complex metabolic disease 
primarily caused by insulin resistance, makes 
up 90–95% of all cases of diabetes worldwide. 
When the body can produce insulin but cells 
are unable to use it effectively, this is known as 
insulin resistance. Pregnancy-related hormones 
or inadequate insulin production can cause 
gestational diabetes, which affects 3–8% of 
expectant mothers. [30,31]

Pathogenesis:In T2DM, inflammation is a key 
contributor to the development of insulin resistance 
and beta-cell dysfunction. Pro-inflammatory 
cytokines such as TNF-α, IL-1β, and IL-6 interfere 
with insulin receptor signalling, inhibiting glucose 
uptake and increasing blood sugar levels. Chronic 
inflammation also contributes to the dysfunction of 
insulin-producing pancreatic beta cells, 
accelerating disease progression. [32]
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Mechanism:

CURRENT ANTI- INFLAMMATORY 
TREATMENTS:

Current anti-inflammatory treatments 
primarily on Non-steroidal Anti-inflammatory 
Drugs (NSAIDs) like ibuprofen and naproxen, 
along with corticosteroids for more severe 
conditions. NSAID affect the gastric mucosa, renal 
system, cardiovascular system, hepatic system, and 
hematologic system. [33]

Corticosteroids: Anti-inflammatory agents 
which supress inflammatory pathways by inhibiting 
cytokines, prostaglandin, Long term use may cause 
osteoporosis, muscle wasting.
Disease modifying anti-rheumatic drugs like 
methotrexate & sulfasalazine are mainly used. 
Limitations may result in delayed onset of action, 
potential liver and bone marrow toxicity etc.[34]

Biological agents such as TNF-α 
inhibitors (e.g., infliximab, etanercept) and 
interleukin blockers target specific immune 
pathways involved in chronic inflammation. 
Limitations includes  risk of serious infection and 
malignancies, development of resistance or 
neutralizing antibodies.

EMERGING PATHWAY IN 
INFLAMMATION MODULATION:
1. Inflammatory resolution:Mechanisms and 

Failures in Chronic Inflammation: Failure to 
resolve inflammation leads to chronic 
inflammation, which is implicated in a variety 
of diseases, including autoimmune disorders, 
cardiovascular disease, and cancer. 
Understanding the mechanisms of 

inflammatory resolution is essential for 
developing strategies to promote the return to 
homeostasis after inflammation. Resolution in 
inflammation is an active process, not merely 
the cessation of pro-inflammatory signals. It 
involves the clearance of dead cells, 
suppression of pro-inflammatory cytokines, 
and restoration of tissue integrity. This is 
regulated by a variety of signaling pathways 
that actively promote healing.

2. Inflammatory Metabolic 
Reprogramming:The Warburg Effect and 
Other Factors:The phenomenon known as 
metabolic reprogramming occurs when 
immune cells, such as T-cells and 
macrophages, modify their metabolic functions 
to satisfy the energy requirements of 
inflammation. The Warburg effect, in which 
cells switch from oxidative phosphorylation to 
glycolysis even when oxygen is present, is a 
well-known example. This change in 
metabolism is essential for maintaining 
inflammation.

Macrophage Polarization: Depending on whether 
they are polarized into pro-inflammatory (M1) or 
anti-inflammatory (M2) states, macrophages 
display different metabolic profiles. While M2 
macrophages favor oxidative phosphorylation, M1 
macrophages primarily rely on glycolysis to 
produce ATP and facilitate the production of 
inflammatory cytokines.
T-cell activation: Metabolic reprogramming is 
another process that activated T-cells, particularly 
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Th1 and Th17 subsets, go through. During 
inflammation, these cells preferentially use 
glycolysis to promote fast proliferation and 
cytokine production.
Warburg Effect: To meet the higher energy 
requirements for cytokine production, cell 
proliferation, and tissue remodelling during 
inflammation, immune cells increase glucose 
metabolism.
Focusing on Metabolic Routes:Inhibiting key 
metabolic enzymes such as hexokinase, lactate 
dehydrogenase, or pyruvate dehydrogenase kinase 
is being investigated as a strategy to shift immune 
cells away from pro-inflammatory states and 
reduce chronic inflammation. Drugs targeting 
glycolytic flux may prevent the overactivation of 
macrophages and other immune cells.
Metabolic Inhibitors in Cancer:Since the 
Warburg effect is prominent in cancer cells, 
targeting glycolysis can be a potential dual-purpose 
strategy for both cancer and inflammation 
treatment.
3. Nanomedicine:Anti-inflammatory 

medications can be delivered directly to 
inflammatory tissues using nanoparticles, 
increasing their effectiveness and lowering 
systemic side effects. For diseases like 
rheumatoid arthritis and inflammatory bowel 
disease, nanomedicines that target 
inflammatory pathways have been developed. 
[35]

4. MicroRNA and Gene Expression 
Regulation :MicroRNAs (miRNAs) are small, 
non-coding RNAs that regulate gene 
expression post-transcriptionally by binding to 
complementary sequences on target mRNAs. 
They are involved in regulating various 
biological processes, including immune 
responses and inflammation. MiRNAs act as 
fine-tuners of inflammatory responses by 
either promoting or suppressing the expression 
of inflammatory genes. [36,37]

miRNA in Inflammatory Cells: A variety of 
miRNAs can alter the production of cytokines and 
are either upregulated or downregulated in response 
to inflammatory signal. E
miR-155: The expression of proinflammatory 
cytokines like TNF-α and IL-6 is increased by this 
inflammation-related miRNA in autoimmune 

diseases, miR-155 can be targeted to reduce 
excessive inflammation.
miRNA-146a: contributes to the negative 
regulation of inflammation by targeting important 
signaling molecules involved in TLR signaling, 
including TRAF6 and IRAK1,
Future potential for Therapy:The use of miRNA 
mimics or inhibitors (antagomirs) to control 
inflammation is gaining traction. For example, 
inflammation may be decreased by blocking miR-
21, which is upregulated in diseases like 
rheumatoid arthritis (RA).
Delivery via exosomes: Since miRNAs remain 
stable in exosomes, these vesicles can serve as 
organic delivery vehicles for modulating 
inflammation on targeted sites. 

II. CONCLUSION:
Both health and disease are influenced by 

inflammation, which is beneficial for tissue repair 
and host defense but harmful when dysregulated or 
left unchecked. Acute inflammation usually goes 
away with healing, but chronic inflammation is the 
root cause of many contemporary illnesses, such as 
metabolic syndrome, autoimmune diseases, 
cardiovascular disorders, and neurodegenerative 
conditions. Although they relieve symptoms, 
current treatment options like NSAIDs, 
corticosteroids, and biologics are frequently 
constrained by adverse effects, insufficient 
efficacy, and unfavorable long-term results.

New approaches that use microRNAs to 
target immune cell metabolism, the resolution 
phase of inflammation, and gene regulation present 
encouraging substitutes that go beyond suppression 
and toward actual immune modulation. The 
development of anti-inflammatory drugs is also 
changing due to developments in cell-based 
therapies, nanomedicine, and artificial intelligence, 
which allow for more specialized and long-lasting 
treatments.

Future studies should concentrate on 
resolving issues with these innovative therapies' 
long-term safety, delivery, and specificity. In a 
variety of chronic inflammatory diseases, 
combining methods from immunology, metabolic 
reprogramming, and nanotechnology can result in 
more potent therapies with fewer adverse effects, 
ultimately improving patient outcomes. As time 
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goes on, developing safe, efficient, and 
individualized therapeutic interventions for 
inflammatory diseases will require a greater 
comprehension of the intricate regulatory 
mechanisms of the immune system.
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