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ABSTRACT

The body's quick, defensive immune reaction to
toxins, infections, or injuries is inflammation, which
aims to remove dangers and start tissue repair. Heat,
redness, swelling, pain, and loss of function are the
results of a complicated interaction between cellular
and vascular processes. Chronic inflammation causes
long-term  tissue = damage, whereas acute
inflammation encourages healing. Typical Reasons
for Inflammation:Fungi, viruses, or bacteria can
cause infections.Cuts, burns, or physical contact are
examples of injuries.Environmental/Lifestyle: High-
fat diets, stress, smoking, obesity, and sleep
deprivation. Started by mediators such as histamine
and cytokines (IL-1, IL-6, TNF-), which enhance
vascular permeability and blood flow (vasodilation),
enabling immune cells to enter the area.Many
diseases, such as neurodegenerative disorders and
arthritis, are caused by unchecked chronic
inflammation.In order to lower the risk of systemic
disease,  effective = management  frequently
concentrates on reducing chronic, low-grade
inflammation.

KEYWORDS: inflammation, inflammatory
signaling pathways, chemokines, cytokines, organ
diseases, pain , Acute and Chronic inflammation,
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L. INTRODUCTION

The immune system's reaction to harmful
stimuli, such as pathogens, damaged cells, toxic
compounds, or radiation, is inflammation, which acts
by eliminating harmful stimuli and starting the
healing process. Thus, inflammation is an essential
defense mechanism for good health. Cellular and
molecular events and interactions typically
effectively reduce impending injury or infection
during acute inflammatory responses. This process of
mitigation helps to resolve the acute inflammation
and restore tissue homeostasis. Unchecked acute
inflammation, however, can develop into chronic
inflammation, which can lead to a number of chronic
inflammatory diseases.

Local immune, vascular, and inflammatory
cell reactions to infection or injury cause
inflammation at the tissue level, which manifests as
redness, swelling, heat, pain, and loss of tissue
function.  Vascular  permeability  alterations,
leukocyte recruitment and accumulation, and the
release of inflammatory mediators are significant
microcirculatory events that take place during the
inflammatory process.

Inflammation can be brought on by a
number of pathogenic factors, including infection,
tissue damage, and cardiac infarction. Inflammation
can have non-infectious or infectious causes . The
body starts a chemical signaling cascade in reaction
to tissue damage, which triggers reactions meant to
repair damaged tissues. Leukocyte chemotaxis from
the general circulation to damage sites is triggered by
these signals. Cytokines that trigger inflammatory
reactions are produced by these activated leukocytes.

Inflammation is a defensive response which
causes the different physiological adaptationswhich
limits the tissue damage and removes pathogenic
insult & Pain is an expected result of many diseases,
medical care, surgical interventions and trauma. Pain
is a complex experience which includes affective,
cognitive and behavioral features, all of which are the
result of mental process, as such; it represents
psychological conditions (1, 2).The phenomenon of
pain, therefore, involves pathophysiological and
psychological components that are frequently
difficult to interpret. Suffering is a term frequently
used in conjunction with pain, implying the
conscious endurance of pain or distress and referring
to a wide range of intense and unpleasant subjective
states that may be of physical or psychological origin.
The most comprehensive and exhaustive definition of
pain is provided by International Association for the
study of Pain, namely “an unpleasant sensation and
an emotional experience associated with a real or
potential damage to tissue, or equivalent of such
damage.

Inflammation: Inflammation is a defensive
response which causes the different physiological
adaptations which limits the tissue damage and
removes pathogenic insultThistype of mechanism
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involves a complex series of events which includes
dilation of arterioles, venules and capillaries with
increased vascular permeability, exudation of fluids
which includes plasma proteins and the migration of
leukocyte into the inflammatory area. In the
inflammation, there is immediate infiltration of a
specific site or lesion with PMN followed by
monocytes and lymphocytes. The objective of
inflammation is to destroy and eliminate the
damaging agent.

Inflammation Type:

1) Acute Inflammation

2) chronic Inflammation

1) Acute inflammation: This type of inflammation
is brief and lasts fromminutes to a few days. The
primary traits are:

a) Fluid exudation

b) Edema (plasma protein)

c) Leukocyte emigration, partical

2) Chronic inflammation: Compared to acute
inflammation, chronic inflammation lasts
longer.inflammation. Histologically, it is linked to
the presence of macrophages, lymphocytes,blood
vessel growth, fibrosis, and tissue necrosis. It is the
procedures of activeThere is tissue deterioration and
inflammation. Acute inflammation follows, and it
beginsfrom the smoldering, low-grade,
asymptomatic reaction. It might also result from the
ongoinginfection by specific microorganisms, such
as Treponema pallidum or tubercle bacilli,
extendedexposure to extremely harmful substances,
such as endogenous plasma lipid or exogenous
silicaelement that causes autoimmune diseases like
rheumatoid arthritis and atherosclerosis. AcuteThe
first reaction following an infection or trauma is the
inflammatory response. It lacks specificity.in nature
and serves as the body's first line of defense following
danger (9,10). In severeinflammation, copper levels
are higher, and zinc levels are lower. There is an
occurrenceof thrombocytosis, leukocytosis, elevated
BMR, negative nitrogen balance, lipolysis and
lipogenesis. The level of C reactive protein has
increased while the level of plasma protein has
decreased.ularly neutrophils. mediators.

Chronic Inflammation Types

Nonspecific proliferative: Characterized by
the presence of non-specific granulation tissue
created by the infiltration of mononuclear cells
(lymphocytes, macrophages, and plasma cells) and
the proliferation of fibroblasts, connective tissue,
vessels, and epithelial cells; examples include lung

abscesses and inflammatory polyps like nasal or
cervical polyps.

Granulomatous inflammation is a particular
kind of chronic inflammation that is characterized by
the formation of granulomas or distinct nodular
lesions made up of an aggregation of activated
macrophages or cells derived from them called
epithelioid cells, which are typically encircled by
lymphocytes. Langhans or giant cells, such as foreign
body, Aschoff, Reed-Sternberg, and tumor giant
cells, are frequently formed when the macrophages or
epithelioid cells within the granulomas combine.
There are two varieties:

Foreign body granulomas, such as silicosis,
are caused by foreign bodies or T-cell-mediated
immune responses.

Infectious granuloma is granuloma that develops as a
result of a persistent infection, such as leprosy or
tuberculosis.

ETIOLOGY

The following factors may cause chronic
inflammation:

failure to eradicate the agent causing the acute
inflammation, such as parasites, protozoa, fungi,
Mycobacterium tuberculosis, and other infectious
organisms that can withstand host defenses and
persist in the tissue for a long time.exposure to a low
concentration of a specific irritant or foreign material
that the body is unable to remove through
phagocytosis or enzymatic breakdown, such as
materials or industrial chemicals that can be inhaled
over an extended period of time, like silica
dust.Rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) are examples of autoimmune
disorders where the immune system attacks healthy
tissue after identifying a normal bodily component as
a foreign antigen.Auto-inflammatory disorders, such
as familial Mediterranean fever, are caused by a
malfunction in  the cells that mediate
inflammation.recurrent bouts of severe
inflammation. However, chronic inflammation can
occasionally occur independently of acute
inflammation, such as in conditions like rheumatoid
arthritis and tuberculosis.Increased production of free
radical molecules, advanced glycation end products
(AGEs), wuric acid (urate) crystals, oxidized
lipoproteins, homocysteine, and other substances are
examples of inflammatory and biochemical inducers
that lead to oxidative stress and mitochondrial
dysfunction.
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EPIDEMIOLOGY

The leading cause of death worldwide is
chronic inflammatory diseases. Chronic illnesses are
the biggest threat to human health, according to the
World Health Organization (WHO). For the next 30
years, it is projected that the prevalence of illnesses
linked to chronic inflammation will continue to rise
in the US. Approximately 125 million Americans had
a chronic illness in 2000, with 61 million (21%)
having multiple conditions. Nearly 60% of
Americans had at least one chronic condition in 2014,
42% had more than one, and 12% of adults had five
or more chronic conditions, according to recent
estimates from Rand Corporation. Chronic
inflammatory diseases such as stroke, chronic
respiratory conditions, heart problems, cancer,
obesity, and diabetes account for three out of five
deaths globally. The following are some specific
chronic inflammation-mediated diseases and their
prevalence:

Diabetes: According to the American Diabetes
Association, 30.3 million Americans, or 9.4% of the
total population, had diabetes in 2015, making it the
country's seventh leading cause of death.
Cardiovascular diseases: According to the
American Heart Association's 2017 updated report,
cardiovascular diseases (CVDs) cause one in three
deaths in the US, or about 800,000 deaths annually.
Cardiovascular disease (CVD) is responsible for 31%
of all deaths worldwide. The majority of CVD-
related deaths are caused by coronary heart disease
(CHD), which is followed by heart failure and stroke
(1 in 20 deaths in the US).

About 43 million Americans, or nearly 20% of the
population, suffer from arthritis and joint diseases,
which affect about 350 million people worldwide. By
2020, this figure is anticipated to surpass 60 million.
Rheumatoid arthritis affects approximately 2.1
million Americans.

Over 50 million Americans suffer from allergies each
year, making them the sixth most common cause of
chronic illnesses in the country. Over 24 million
Americans, including over 6 million children, suffer
from asthma. Hay fever was diagnosed in 8.2% of
adults and 8.4% of children in 2015.

Nearly 15.7 million Americans (6.4%) were reported
to have been diagnosed with chronic obstructive
pulmonary disease (COPD), which was the third
most common cause of death in the US in 2014.

PATHOPHYSIOLOGY
The expansion of blood vessels
(vasodilation), an increase in blood flow, capillary

permeability, and the migration of neutrophils into
the infected tissue through the capillary wall
(diapedesis) are all characteristics of acute
inflammation that persist into chronic inflammation.
However, the white blood cell composition quickly
shifts, with lymphocytes and macrophages starting to
take the place of short-lived neutrophils. Therefore,
the primary inflammatory  cells—such as
macrophages, lymphocytes, and plasma cells—
infiltrate the tissue site and produce inflammatory
cytokines, growth factors, and enzymes, which in
turn contribute to the progression of tissue damage
and secondary repair, such as the formation of
granulomas and fibrosis. Tissue immune cells like
macrophages and dendritic cells release cytokines
like TNF-a and IL-1 in reaction to foreign or self-
antigens. These cytokines cause the endothelial cells
at the site of injury to release integrins and selectins,
which promote the diapedesis and chemotaxis of
circulating leukocytes. Apart from attracting
leukocytes, tissue macrophages and dendritic cells
also contribute to the removal of the antigen through
phagocytosis, cytokine release, and acting as antigen-
presenting cells for lymphocytes. Various cytokines
and chemokines released by macrophages and
dendritic activate circulating leukocytes once they
reach the site of local injury. Leukocytes release
additional cytokines and inflammatory mediators
upon activation. The first and most common cells
during the acute stage of inflammation are
neutrophils. Lysozyme, matrix metalloproteinases,
and myeloperoxidase-rich granules found in
neutrophils are released on foreign or self-antigens,
causing them to be destroyed. Neutrophils also
eliminate the antigen through phagocytosis, the
release of reactive oxygen species, and cytokines like
IL-1, IL-6, and TNF-o. The next line of defense is
lymphocytes, including T-lymphocytes and B-
lymphocytes, which play an important role in
mediating inflammation through a number of
intricate mechanisms, such as cytokine secretion,
lymphocyte costimulation, and the generation of
antibodies and immune complexes. Through platelet
aggregation, thrombus formation, and degranulation,
which releases chemokines and inflammatory
mediators, circulating platelets can also contribute to
inflammation.

The Mechanism of the Inflammatory Response:
The coordinated activation of signaling
pathways  that control the inflammatory
responselevels of inflammatory mediators in both
resident tissue cells and inflammatory cells obtained
fromthe blood (8). Many chronic diseases share
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inflammation as a pathogenesis, includingcancer,
diabetes, arthritis, and intestinal and cardiovascular
disorders (9). Despite being inflammatoryThe exact
type of initial stimulus and its position within
thebody, they all have a similar mechanism that can
be summed up as follows: a) a cellsurface pattern
receptors identify harmful stimuli; b) The pathways
that cause inflammation aretriggered; c) the release
of inflammatory markers; and d) the recruitment of
inflammatory cells.

Activation of Pattern Recognition Receptors

Through the activation of germline-encoded
pattern-recognition receptors (PRRs) expressed in
both immune and nonimmune cells, microbial
structures known as pathogen-associated molecular
patterns (PAMPs) can initiate the inflammatory
response. Danger-associated molecular patterns
(DAMPS) are endogenous signals that are activated
during tissue or cell damage and are recognized by
certain PRRs A non-infectious inflammatory
response can be started and maintained by host
biomolecules called DAMPs B releasing DAMPs,
disrupted cells can also attract innate inflammatory
cells in the absence of pathogens .Classes of PRR
families include the Toll-like receptors (TLRs), C-
type lectin receptors (CLRs), retinoic acid-inducible
gene (RIG)-I-like receptors (RLRs), and NOD-like
receptors (NLRs). TLRs are a family of highly
conserved PRRs found in mammals that contribute to
the inflammatory response's activation . TLRs are the
most thoroughly researched of the known PRRs, with
over ten members of the TLR family identified .
Myeloid differentiation factor-88 (MyD88) and
TLRs mediate the transmission of PAMPs and
DAMPs. TLR signaling triggers an intracellular
signaling cascade that causes transcription factors
like activator protein-1 (AP-1), NF-kB, or interferon
regulatory factor 3 (IRF3) to translocate into the
nucleus (Figure 1). Similarities between infectious
and noninfectious inflammatory responses are
suggested by the fact that DAMPs and PAMPs share
receptors like TLR4.

The NF-kB pathway

The transcription factor NF-«B is crucial for
immune response, inflammation, apoptosis, and
survival . P50, p52, RelA (p65), RelB, and c-Rel are
the five related transcription factors that make up the
NF-kB family . Numerous substances derived from
pathogens, intercellular inflammatory cytokines, and
numerous enzymes are among the stimuli that cause
NF-«B activity . [kB proteins found in the cytoplasm

inhibit NF-xB under physiological conditions. IxB
kinase (IKK), which is made up of two kinase
subunits, IKKa and IKKp, and a regulatory subunit,
like IKKY, is activated by PRRs using similar signal
transduction mechanisms. IKK controls the
activation of the NF-«B pathway through IxB
phosphorylation . When IkB is phosphorylated, the
proteasome breaks it down, releasing NF-kB for
nuclear translocation and gene transcription
activation . This pathway controls the recruitment of
inflammatory cells and the production of pro-
inflammatory cytokines, both of which support the
inflammatory response.

The MAPK pathway

A family of serine/threonine protein kinases
known as MAPKs controls how cells react to a range
of stimuli, such as heat shock, mitogens, osmotic
stress, and inflammatory cytokines like IL-1, TNF-a,
and IL-6, which control cell survival, proliferation,
differentiation, and apoptosis . Extracellular-signal-
regulated kinase (ERK1/2), p38 MAP Kinase, and c-
Jun N-terminal kinases (JNK) are examples of
mammalian MAPKs . At least three elements make
up each MAPK signaling pathway: a MAPK, a
MAPK kinase (MAPKK), and a MAPK kinase
kinase (MAPKKK). MAPKKKs activate and
phosphorylate MAPKKs, which then activate and
phosphorylate MAPKs. While JNK and p38 are
activated by inflammatory stimuli and stress, ERKs
are typically activated by mitogens and
differentiation signals [35]. MKK4 and MKK7
activate JNK, MKK3 and MKK®6 activate p38, and
MKK1 and MKK2 activate ERKI1/2. The
cytoplasmic or nuclear p38 transcription factors are
phosphorylated and activated when MAPKs, such as
Erk1/2 and JNK, are activated. This triggers the
inflammatory response .

Sign and Symptoms of Inflammation :

Traditional Indications of Acute Inflammation
Erythema, or redness, is caused by increased blood
flow to the afflicted tissue.

Heat (Calor): Warmth is produced by increased blood
circulation.

Edema, or swelling, is an accumulation of white
blood cells and fluid.

Sensitivity, aching, or throbbing brought on by tissue
damage and nerve activation is known as pain
(dolor).

Loss of Function: Decreased range of motion or use
of the afflicted area, such as stiff joints.
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5 Cardinal Signs of Inflammation
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Fig 5 : signs of acute inflammation

Chronic (Systemic) Inflammation;
SymptomsLong-term, chronic inflammation
frequently manifests as less noticeable, systemic
symptoms, according to:

Low energy and constant fatigue are signs of
persistent fatigue.

A fever is an elevated body temperature.

Joint and muscle pain: persistent aches or stiffness.
Constipation, bloating, or diarrhea are digestive
problems.

Skin problems include psoriasis, eczema, rashes, and
acne.

Brain fog: Memory loss or trouble focusing.

EVALUATION

Test for Chronic Inflammation

Sadly, there are no very reliable laboratory tests to
evaluate patients for chronic inflammation, and
diagnoses are only made when the inflammation
coexists with another illness.

Concurrent  hypoalbuminemia and polyclonal
increase in all gamma globulins (polyclonal
gammopathy) can be detected by serum protein
electrophoresis (SPE).

High-sensitivity C-reactive protein (hsCRP) and
fibrinogen are two low-cost blood tests that are useful
indicators of systemic inflammation. Although high
levels of hs-CRP are indicative of inflammation, they
are not a reliable indicator of chronic inflammation
because they are also elevated in acute inflammation
brought on by a recent illness or injury. Serum levels
of hsCRP should be less than 0.55 mg/L for men and
less than 1.0 mg/L for women. Fibrinogen levels
typically range from 200 to 300 mg/dl. Although it is
not a standardized test, serum amyloid A (SAA) can
also indicate inflammation.

Although it is costly, detecting pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-
alpha), interleukin-1 beta (IL-1beta), interleukin-6
(IL-6), and interleukin-8 (IL-8) may reveal particular
causes of chronic inflammation. Once more, unlike

SPE, fibrinogen, and hs-CRP, the assays are not
standardized.

Inflammatory mediators include:

1) Bradykinin: The most significant mediator and
powerful endogenous allogenicmaterial that is
known. The blood and tissues produce bradykinin
and its related kallidin.respectively, and are
converted into active and inactive metabolites by
kinases .

2) Histamine: Histamine's interaction with HI1
receptors results in a variety of effects.connected to
anaphylaxis symptoms and other allergic reactions.
Histaminecause allergic inflammatory reactions by
increasing the release ofproinflammatory cytokines
like interleukin lo, interleukin 1p, interleukin 6,
orinterleukin 8 in various cell and tissue types.
Functional histamine receptors H1 and H2 are
expressed by endothelial cells.

3) Nitric oxide and mast cells: Inflammation
produces nitric oxide .At low concentrations, nitric
oxide promotes inflammation by causing
vasodilation and therecruitment of neutrophils, but
adhesion is downregulated at high
concentrations.molecules . Nitric oxide synthetase
converts largeine into nitric acid. There are two
Isoenzyme i-NOS is induced by calcium, whereas c-
NOS is dependent on it.inflammation in microglia
and macrophages.

4) Neuropeptide: Sympathetic nervous innervations
are cotransmitted by neuropeptide Y.It causes NE's
effects to be amplified. NPY encourages the growth
of smooth muscle in thevascular hypertrophy due to
the wvasculature. Leukocyte counts rise as a
result.adhesion, platelet aggregation, macrophage
activation, and CA together . TheNeuropeptide CRF
is found in both sensory nerves and the PSGN. The
substance P is asensory neuropeptide found in
ganglia and autonomic nerves.
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5) Cytokines: Known as hormones of the body,
cytokines are a distinct class of proteins.immune
system. Proinflammatory cytokines' interactions (IL-
1B, IL-6, IL-8, TNF-a) leads to synergistic cytokine
production and activity . There isadditional cytokine
family known as anti-inflammatory cytokines (IL-
1Ra, IL-4, IL-10, andTGFl), which inhibits
proinflammatory cytokines. There are twoelements
for the balance of cytokines. The first is IL-1, which
boosts  secretion and  synthesis.of IL-1Ra
upregulation, which is intended to reduce the
delirious effect of IL-1 by preventingIL-1 (49, 50)
The second is the equilibrium of various cytokine
systems, such as TGF1B.which suppress TNF-a and
IL-1 activity 114,115. Microglia and astrocytes
release cytokines.Cytokines can also be produced by
neurons in the brain, but only under specific
circumstances .

Treatment for Inflammation :

Non-steroidal anti-inflammatory drugs (NSAIDs) are
used to treat inflammation.

frequently utilized. The most often used medications
are:

Aspirin is a salicylate.

e Ibuprofen and Ibuprofen + Paracetamol
Combination are derivatives of propionic acid.
Fenamates, mefenamic acid, naproxen, ketoprofen,
and flurbiprofen.

Phenylbutazone and Oxyphenbutazone are examples
of pyrazolones.

Ibuprofen is a derivative of indole.

Diclofenac sodium, Diclofenac potassium, and
Diclofenac+ are derivatives of arylacetic acid.
Diclofenac and serration peptidase preparation in
combination with paracetamol.

Piroxicam, Tenoxicam, and Meloxicam are oxicam
derivatives.

Ketorolac is a derivative of pyrrole.

* Paracetamol is a derivative of para-amino phenol.

e Others: Nimesulide, Valdecoxib, Rofecoxib,
Celecoxib, and combination preparation of
Nabumeton and Nimesulide.

II. CONCLUSION

We learned about inflammation, [pain, the
mechanism of inflammation,types of inflammation
and research on the various kinds of mediators
thatproduce inflammation and nociception (pain),
such as cytokines, capsaicin, nitric oxide, and
histamine.and prostaglandins. The article clarifies the
mechanism in addition to the mediators.involved in

the inflammation and pain. Additionally, it facilitates
comprehension of neural pathways andmechanism of
pain and inflammation, as well as the types of
medications that can be used to treat inflammation
and lessen pain.
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