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Introduction
• 6 lectures inflammation
• 3 lectures repair; revision 

lecture
• Robbins Basic Pathology 10th

Edition + lecture contents



My duties
• Simplify
• Concepts of pathology
• Help U all 

Understand…understand…
understand  then memorize

• Answer questions & inquiries
• Respect



UR duties (my advice)
• On time attending
• Plz…plz…plz…NO CHATTING 

during lecture
• Understand first then memorize and 

recall
• Respect to the process
• NO MOBILE



TIPS
• “You don’t have to be smart to be a 

good physician; but you need to be 
thorough” Thomas Eskin

• “My interest is in the future…bcz 
Um going to spend all my time 
there”
Charles Kettering



BIG NO
• I DONNOT answer exam questions to 

any one before or after the exam
• Don’t ask these UNHEALTHY 

questions:
– Is this important?
– Should I study this?
– How difficult are exam questions?







INFLAMMATION
“Response of vascularized tissue to 

injury (infections or tissue damage)
recruitment of cells and 

molecules from    
circulation to the sites of need to 

eliminate 
the offending agent”    



Inflammation:
• Protective
• With no inflammation: 

infections can be fatal, 
wounds would never heal and 
injured tissue may sustain 
permanent damage





Typical inflamm. Rx. steps:
• Offending agent recognized by cells and 

molecules
• WBCs & Pl. proteins recruited to injury 

site
• WBCs and Pl. proteins work together to 

destroy and eliminate the enemy
• Rx. Is then controlled and terminated
• Repair of damaged tissue (regeneration 

& fibrosis)





Cardinal signs of 
inflammation

• HEAT (calor)
• REDNESS (rubor)
• SWELLING (tumor)
• PAIN (dolor)
• LOSS OF FUNCTION (functio 

laesa)



Can inflammation be bad?
• Too much…damage
• Too little… damage
• Misdirected 

inflammation…autoimmune diseases 
and allergies

• Chronic inflammation…chronic 
diseases





Causes of inflammation:
INFECTIONS Bacteria, fungi, viruses, parasites

And their toxins

NECROSIS Ischemia, trauma, physical and 
chemical injuries, burns, frostbite, 
irradiation

FOREIGN 
BODIES

Splinters, dirt, urate crystals (gout), 
Cholesterol crystals (atherosclerosis)

IMMUNE 
REACTIONS

Allergies and autoimmune
diseases



The 5 Rs:
Recognize 

enemy

Recruit 
WBCs

Remove the 
enemy

Regulate  
response

Resolution



Recognition of microbes and 
damaged cells:

• First step in inflamm. response
– Cellular receptors: Toll-like R (TLRs); on 

membranes and endosomes. Recognize Pathogen 
Associated Molecular Patterns (PAMPs)

– Sensors of cell damage: recognize Damage-
Associated Molecular Patterns (DAMPs) such as 
uric acid, ATP, K, & DNA. Consequently, multiple 
cytoplasmic proteins gets activated (called 
inflammasomes)

– Circulating proteins: complement system, mannose-
binding lectins and collectins 
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ACUTE 
INFLAMMATION

• 3 major components

B V dilatation

Emigration of WBCs

Increased V permeability







Transudate Exudate

Low protein High protein
Low cell content Many cells & debris

Low specific gravity Higher specific 
gravity

Caused by 
osmotic/hydrostatic 
pressure imbalance

Caused by increased 
vascular permeability 

and denotes  
inflammatory reaction



EDEMA & PUS:
• Edema: excess fluids in 

interstitium or serous cavities 
(either transudate or exudate)

• Pus: purulent exudate; 
inflammatory exudate rich in 
WBCs, debris, and microbes



Vascular changes (early events)

• Vasodilatation: histamine; 
increased blood flow causing 
redness (erythema) and heat

• Followed by increased 
permeability (exudate)

• Stasis; congestion and 
erythema

• PMNs accumulate and adhere 
to endothelium then migrate 
outside the vessel into the 
interstitium





Lymphatic vessels and lymph 
nodes:

• Lymphangitis: inflammation and 
proliferation of lymphatic vessels to drain 
fluids and other elements

• Drainage to nearby lymph nodes; hence 
causing lymphadenitis (reactive 
lymphadenitis or inflammatory 
lymphadenitis)







Leukocytes role:
• PMNs & Macrophages
• Recruitment and migration to tissue
• Eliminate the enemy (phagocytosis)
• Migration of leukocytes from BV to 

tissue is multistep process: 
adhesions; transmigration then 
movement toward the enemy area





ADHESION (WBCs to 
endothelium)

• Steps:
– 1. Margination
– 2. Rolling
– 3. Adhering

• Selectins (initial weak adherence) 
and integrins (firm strong 
adherence)
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TRANSMIGRATION:
• CD 31 (PECAM-1), platelet 

endothelial cell adhesion 
molecule expressed both on 
leukocytes and endothelial cells

• WBC pierce through wall by 
collagenases



CHEMOTAXIS:
• WBCs moving to injury tissue site
• Due to CHEMOATTRACTANTS 

(exogenous and endogenous):
Bacterial products Peptides (N-…)

Cytokines Chemokine family

Complement system C5a

Lipoxygenase pathway 
AA

LTB4



WBCs infiltrate in 
tissue:

• Depends on the age of inflammatory 
response and the type of stimulus
Neutrophils 
(PMNs)

6-24 hours, acute 
phase

Macrophages and 
lymphocytes

24-48 hours and 
then may stay

Allergic reactions Eosinophils







LEUKOCYTE 
ACTIVATION:

• Phagocytosis 
and 
intracellular 
killing

•Neutrophils 
and 
monocytes



PHAGOCYTOSIS:
• 1. Recognition and attachment of the 

enemy: mannose receptors; opsonins 
(IgG, C3b)

• 2. Engulfment forming phagocytic 
vacuole: phagosome

• 3. Killing & degradation: reactive 
oxygen species (ROS); NO. H2O2-
MPO-halide is the most potent 
bactericidal system of neutrophils





NITRIC OXIDE (NO)
• Soluble gas produced from Arginine by 
NO synthase (NOS)

• NOS 3 types: eNOS, nNOS, iNOS
• iNOS: intracellular killing stimulated by 

cytokines mainly IFN-₰
• NO reacts with superoxide (O2-*) to form 

ONOO* radical peroxynitrite



GRANULE ENZYMES
• Present in PMNs and monocytes
• In PMNs: 2 types; large azurophil 

(primary) and smaller (secondary) 
granules.

• Primary G: MPO, other enzymes
• Secondary G: lysozyme, and others
• These are usually neutralized by anti-

proteases (such as ἅ-1 antitrypsin: 
inhibits elastase)…deficiency…diseases



NEUTROPHIL EXTRACELLULAR 
TRAPS (NETs)

• Viscous meshwork of nuclear 
chromatin binds peptides and 
anti-microbial agents after PMN 
death  (NETosis)

• Sepsis
• Maybe involved in SLE





LEUKOCYTE-MEDIATED 
TISSUE INJURY

• A. Prolonged inflammation (TB 
an Hepatitis)

• B. Inappropriate inflammatory 
response (auto-immune diseases)

• C. Exaggerated response 
(asthma and allergic reactions)                                                                 



OTHER FUNCTIONS OF 
ACTIVATED WBCs

• Amplify or limit reaction 
(cytokines)

• Growth factors secretion (repair)
• T-lymphocytes has also a role in 

acute inflammation (T-HELPER-17); 
produce cytokine IL-17 (deficiency 
cause disease)
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TERMINATION OF 
ACUTE IR

Mediators are produced in rapid bursts
Release is stimulus dependent

Short half-lives
Degradation after release

PMNs short life (apoptosis)
Stop signals production (TGF-ẞ, IL-10)

Neural inhibitors (cholinergic): inhibits TNF







MEDIATORS OF A. 
INFLAMMATION:

Tissue macrophages, dendritic cells & mast cells

Vasoactive amines Histamine, serotonin
Lipid products PGs and LTs
Cytokines IL, TNF and 

chemokines
Complement
activation

C1-9



GENERAL FEATURES OF 
MEDIATORS:

• Cell derived at the site: from granule 
release or synthesized upon 
stimulation

• Plasma proteins: needs activation
• Active mediators needs stimulation
• Most mediators have short life span
• One can activate the other









POINTS TO REMEMBER 
ABOUT AA METABOLISM:

• Aspirin – cycloxygenase 
• Steroids – phospholipase and anti inflamm
• Prostacyclin (PGI2): vasodilator and – Pl 

aggreg
• Thrombaxane A2: vasoconstrictor and + pl 

aggreg 
• TXA2-PGI2 imbalance: IHD & CVA
• PG (PGE2): pain & fever



CYTOKINES:

• Proteins secreted by many cells 
(activated lymphocytes, 
macrophages and dendritic cells)

• Mediate and regulate immune 
and inflammatory response







CHEMOKINES:
• Small proteins, mainly 

chemoattractants
• 40 different and 20 receptors
• 4 groups: C-X-C; C-C; C; CX3-C
• They have G-protein coupled receptors
• 2 main functions: A inflammation & 

maintain tissue architecture



COMPLEMENT 
SYSTEM:

• Soluble proteins (inactive) needs 
activation

• More than 20, C1-C9
• Innate & adaptive immunity
• Functions: vascular permeability, 

chemotaxis & opsonization
• C3 is most abundant; cleavage of which is 

the critical in all pathways 







C S FUNCTIONS:
• Inflammation: histamine like, 

anphylatoxins (C5a).
• Opsonization & phagocytosis: enhance 

phagocytosis (C3b)
• Cell lysis: Membrane Attack Complex 

(MAC), C9 multiples. Makes small holes 
in thin membrane of microbial wall



REGULATORY PROTEINS 
FOR CS:

• C1 inhibitor: if deficient hereditary 
angioedema

• Decay accelerating factor (DAF), which 
inhibit C3 convertases and CD59 inhibits 
MAC Abnormalities cause PNH

• Factor H: proteolysis of C3 convertase; 
mutations cause hemolytic uremic syndrome

• CS protein deficiencies can occur leading to 
infection susceptibility
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OTHER MEDIATORS:
• Platelet activating factor (PAF): platelet 

aggregation and other functions
• Protease activating receptors (PARs): 

platelet aggregation
• Kinins: vasoactive peptide, Bradykinin the 

active; VD, increase permeability, smooth 
muscle contraction and pain.

• Neuropeptides: Substance P and neurokinin 
A







MORPHOLOGY OF ACUTE 
INFLAMMATION

• The critical issue is blood vessel 
dilatation and accumulation of WBCs 
and fluids in the extravascular tissue.

Edema Fluid and proteins in 
interstitium

Redness rubor
Warmth calor
Swelling tumor
Loss of function Functio laesa
Pain dolor



SEROUS INFLAMMATION:
• Cell poor fluid 

(transudate)
• Serous effusions
• Skin blisters
• Seromas



FIBRINOUS INFLAMMATION:

• Large vascular leakage + 
coagulation

• Body cavities: pericardium



PURULENT (SUPPURATIVE) 
INFLAMMATION, ABSCESS:

• Pus: exudate 
rich in PMNs + 
debris + edema

• Bacteria (staph.)
• Abscess: 

localized 
collection of pus



ULCERS:
• Defect on a 

surface
• Common in 

mucosal 
surfaces and 
skin

• Mostly acute 
and chronic 
inflammation



OUTCOMES OF ACUTE 
INFLAMMATION:

Complete 
resolution

Chronic 
inflammation

Healing by 
fibrosis





CHRONIC INFLAMMATION:

• Prolonged inflammation (weeks-months-
years): inflammation, tissue injury and 
attempts at repair coexist at the same time 
with varying degree.

• May follow acute inflammation but may be 
insidious or smoldering 



CAUSES OF CHRONIC 
INFLAMMATION:

Persistent infections Mycobacteria (TB), viruses, 
fungi, parasites. Delayed 
hypersensitivity reaction. 
Granulomatous 
inflammation.

Hypersensitivity diseases RA, asthma, MS. May end in 
fibrosis of end organs

Prolonged exposure to toxic 
agents (exogenous or 
endogenous)

Silica (silicosis)
Atherosclerosis (cholesterol)

Other associated diseases Alzheimer's, Metabolic 
syndrome of DM



MORPHOLOGIC FEATURES OF 
CHRONIC INFLAMMATION:

• Infiltration by chronic inflammatory cells 
(macrophages, lymphocytes and plasma 
cells)

• Tissue destruction
• Attempts at healing by angiogenesis and 

fibrosis



NORMAL

Acute pneumonia

Chronic pneumonia



CELLS AND MEDIATORS OF 
CHRONIC INFLAMMATION:

• Macrophages
• Lymphocytes

• Eosinophils
• Mast cells
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MACROPHAGES
• Secretion of mediators (TNF, IL-1, Chemokines..)
• Feedback loop with T cells
• Phagocytosis
• Circulating monocytes (1 day half life)
• Tissue Macs: Kupfer cells, sinus histiocytes, alveolar 

macrophages & microglia (mononuclear phagocytic 
system), half life months

• Activation of Macs: M1 classic pathway, M alternative 
pathway







LYMPHOCYTES:
• T & B lymphocytes gets activated by microbes 

and environmental antigens
• They are the main cells seen in tissue with chronic 

inflammation
• CD4 +ve T-cells secrete cytokines inducing 

inflammation
• B cells and plasma cells 



CD4+ T CELLS:

TH1 INF-₰, activates Macs in 
classic pathway

TH2 IL-4, IL-5 & IL-13; activates 
eosinophils and Macs 
alternative pathway

TH17 IL-17 , induce chemokines 
secretion and recruits PMNs





EOSINOPHILS:

• IgE and parasitic 
infections

• Granules contain 
major  basic proteins 
toxic to  parasites

• May cause tissue 
damage

• Eosinophilic 
inflammation



MAST CELLS:
• Abundant in soft tissues
• Active in both acute and chronic 

inflammation
• MC and basophils express FCERI binds 

with FC portion of IgE leading to 
degranulation releasing Histamine and 
PG (food allergy, venom, drug allergy)

• In chronic inflammation
cytokines



NEUTROPHILS IN CHRONIC 
INFLAMMATION:

• Can stay longer after acute 
inflammation (persistent microbes 
or continuous activation by 
cytokines)

• Chronic osteomyelitis
• Lung damage by smoking
• Acute on chronic (or acute on top of 

chronic inflammation)



GRANULOMATOUS 
INFLAMMATION:

• A form of specific chronic inflammation
• Granuloma: activated macrophages 

(epithelioid histiocytes); lymphocytes and 
sometimes plasma cells.

• Necrotizing (central necrosis) or non-
necrotizing (no necrosis)

• Immune granulomas vs foreign body type



MORPHOLOGY OF  GRANULOMATOUS 
INFLAMMATION

NECROTIZING GRANULOMA NON-NECROTIZING GRANULOMA







SYSTEMIC EFFECTS OF 
INFLAMMATION:

• Any inflammation can be associated with 
systemic effects due to cytokines release 

“ ACUTE PHASE RESPONSE”
• TNF, IL-1, IL-6, & type 1 interferons

Fever (1-4 C) elevation Exogenous pyrogens (LPS) & endogenous pyrogens 
(IL-1 & TNF). All induce PGE2 secretion

Acute phase proteins CRP, SAA, ESR, Hepcidin

Leukocytosis (increase WBC) 15-20 K if more than 40 (leukemoid reaction), left shift

Others Tachycardia, Increase BP, Chills, Rigors, decreased 
sweating, anorexia, somnolence, and malaise



SEPSIS & SEPTIC SHOCK:
• Severe bacterial infections
• Large amounts of mediators (TNF & IL-

1)
• Leading to: DIC, hypotensive shock, 

insulin resistance & hypoglycemia 
(Septic shock)

• May be caused by non infectious 
etiology: pancreatitis, severe burns, 
severe trauma.

• All called “systemic inflammatory 
response syndrome” SIRS





GOOD 
LUCK


