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INTRODUCTION

Inflammatio’’ - to set on fire

Local response of living tissues to injury

due to any agent
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Cardinal Signs of ITnflammation
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FUNCTION




ETIOLOGY

Microbial Infection

Hyper sensitivity /lmmune reactions

Physical agents,irritants,corvosive chemicals

Tissue necrosis




EFFECTS OF INFLAMMATION

leucocytosis,fever endotoxemia

© tisroieases () L1 induces the
:LI:'M hypothalamus to produce

through which i
travels 10 the

hypothalamus
of the bran




TYPES




Acute inflammation

Vascular events Cellular events

Hemodynamic changes  Altered vascular
*Transient permeability

vasoconstriction _ _
Exudation of leucocytes Phagocytosis

*Persistent .
progressive *Changes in formed elements

SSi *Recognition
vasodilation Rolling

*Attachment

*Elevation of *Adhesion

_ *Engulfment
hydrostatic pressure -Emigration

*Killing and

-Slowing/stasis Chemotaxis

degradation

*Leucocyte
margination




HEMODYNAMIC CHANGES

Transient
vasoconstriction
Vasodilation

Slowing or stasis
Leucocyte margination







ALTERED VASCULAR PERMEABILITY

Increased hydrostatic pressure
(venous outflow obstruction,
[e.g., congestive heart failure])

B. TRANSUDATE
(low protein content, few cells)

C. EXUDATE
(high protein content, and
may contain some white
and red cells)

Ciolloid osmotic

pressure (decreased protein
synthesis [e.g. liver disease];
increased protein loss [e.g.,
kidney disease])




Starling Hypothesis o

Tissue cells

Osmotic Net pressure Osmotic
pressure out pressure
(22 mm Hg)(10 mm Hg) (22 mm Hg)

M— o Blood _ —
- Blood : 5 = pressure . =
\ _pressure = . » (15 mm Hg) T

. Net pressure in
~7 mm Hg)

Arterial end Venous end
of capillary INTERSTITIAL FLUID of capillary

Copyright © Paarson Education, Inc., publishing as Banjamin Cummings.




Endothelial cell

A Venules

Endothelial cell

retraction ol

Direct endothelial
cell injury

Leukocyte-
mediated
endothelial injury

- Neovascularisation

Arterioles, venules,
capillaries

Venules, capillaries

All levels

Immediate transient
(15-30 min)

Histamine,

hrsdykiah, ofhets Mild thermal injury

Somewhal delayed (in
4-6 hrs) prolonged (for
24 hrs or more)

IL-1, TNF-a In vitro only

Immediate prolonged
(hrs to days), or
delayed (2-12 hrs)
prolonged (hrs to
days)

Moderate to severe
burns, severe
bacterial infection,
radiation injury

Cell necrosis and
detachment

Leukocyte
activation

Pumonary venules

Delayed, prolonged and capilaries

Angiogenesis,
VEGF (vascular

endothelal
growth factor)

Any lype Healing. tumors




Five mechanisms of increased vascular
permeability

= |

nj Retracbon of endothobial cells

B Bl e s e s ol il . lv) Endotivedal injury by PMNs
= iy Drect injury
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ANGIOGENESIS

Hematopoiesis
Vasculogenesis

Mature vessels formation
Anglogenesis

v
Maturation and remodeling
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SELECTINS AND INTEGRINS

‘.. +— Selectins
. heterophilic
P selectin + counter-receptor
PSGL-1, glycosylated

Integrins

heterodimers, heterophilic

bind to ECM, lg-CAMs, cadherins
adhesion, polarity, migration

Hynes: TiCB: 9:M33 1999




CELLULAR EVENTS




Events of Exudation of leucocytes

Integrin activation

Migration through
Roking by chemokines Gtable adhesion endothelium

Siat-Lews X-modified glycoprotain
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Connective
tissue

3. SIGNALING
ENDOTHELIUM

Resident
leukocyte

C3a or Cha

/COMPLEMENT

“ACTIVATION
‘ 8. BASEMENT

MEMBRANE
DEGRADED

{EMOKINE SIGNAL
8 expressed by
iMilated endothelium

.ROLLING ARREST
~ L-selectin shed
_LFA-1 expressed
“LFA- interacts
“With ICAM-2 on
‘the endothelium




CHEMOTAXIS

Gradient

Polarization Chemotasis

e 50 | degranulation,

W, | Phagocytosis
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MARGINATION




Phagocytosis

*

Plasma
membrane

4

4

o

Large particle

Pinocytosis
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Receptor-mediated
endocytosis

. X

x s X
Ligand * PN

Ime
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Junctional
epithelium

fMet-Leu-Phe Release of
LPS proinflammatory

\ proteases cytokines
(IL-1, TNF, etc.)

—_———— —

Neutrophils migrate
through the junctional
epithelium into

the crevice area

Chemotactic gradient of C5a,

LTB4, IL-8, fMet-Leu-Phe, etc.

Endothelial cells
increase their
adhesion molecule
expression

(ICAM-1, ELAM-1, etc.)

Post-capillary
venule

Neutrophil-endothelial
cell binding,
emigration begins




PARTICLE RECOGNITION

1 @ ligand coated
particle
I I I I I I I phagocyte

surface
receptors

receptors

W activationand
s ==
——aetin entry

signal




Zipper theory
4 4

According to the zipper mechanism, ingestion occurs by sequential
engagement of a phagocyte's membrane against the particle surface,
and pseudopod advance proceeds no further than receptor-ligand
interactions permit.




PHAGOCYTOSIS KILLING

OXIDATIVE MECHANISM

NADPH stimulated =0, prodn

2H'+20, —® H,0,+0;

H;_:Dz_ H ED + DE

H,0,= OH” = DNA damage

MY ELOPERDMIDASE

-

NON-OXIDATIVE
MECHANISM

Mediated by defensins, TNF,
Lysozyme, Hydrolytic enzymes

Mechanism —requires

phagosome — lvsosome fusion.
PHAGOLYSOSOME

2 specific granules — specific &
Azurophil
Specific Granule —extracellular &

intraphagolysosome secretion

Azurophilic granule —
intraphagolvsosomal secretion




MAST CELL

CERMAL DENDROCYTES

FERIPHERAL DENDRITIC CELLS[DCs)

MEUTROFPHILS

BASCPHIL

ECQSINOPHIL

LYMPHOCYTES
Chd+
COE+

MK

FUNCTIONS

anaphylactic effects toC3a & C5a

Ag recognised by IE (Boyce 14, 2003)
Toll like receptors [Marshall et 3l, 2003)

Pericdontal tissue destruction [Maldonado et
al, 20

Receptors for C3a & MHC Classll molecules
R

Ag processing present ation

Phagooytic killing of microorganisms

Receptors like CR1, CR2, CR3, CR4, C5aR & for IgG

Differentiate to macrophages =20
Phagooytosis
AZ processing & presentation

Bacterial & parasitic infections

antinglmint ic & antiparasitic activity mediated 1€

Humoral & cell mediated immune response
W

Chiromic inflanmmatory cell

Regulates macrophage response

TCR, BCR, KIR, KAR

&g processing and presentation

MEDIATORS

Histamine
Leukotriene C4
THF&x

ILE
SR5-A

MM Ps

ICAM-1, LFA-3, CO-STIMULATORY FACTORS{B7-1,
B7-2)

1 granules (MPO, vsoryme, cationic proteins, acid

hydrolases, elastaze)
2 granules (vsozyme, alk. Phaso, collagenase,

3 granules (gelatinase, cathensin
Reactive O metabolites

Prostazlandins, leukotrienss
L1
Hydrolases

Ehl:-snuliEEsE

Platelet activating Factor

PGEZ2 synt hesis
Lysosomal{neurotoxin, peroxidase)
B cells- Ab production
T cells — delayed hvpersensitvity , cytotoxitv




CHEMICAL MEDIATORS

SOURCE MEDIATOR

: . R e T r i 37 T4 i St
Mast cells, basophil, platelets =i By EOSRAt

cELL- [
BERIVED ~memulp- Platelets
\ Inflammatory cells

* Nitric oxide and
M

RS T,

_y Clotting and fibrinolytic system Ffbdnspm e

PLASMA- i o —
DERIVED == Kinin system st _K!ﬂiﬂfbrady_klnrn

“. Complement system wssp> Anaphylatoxins
CSalcda!CSa:CSb "Cg

fhalics " R

MAIN ACTION

T Permeability
T Permeability

Vasodilatation _
T Permeability

Tissue damage
T Permeability

Fever
Tissue damage

G e
S o s

T Permeability
T Permeability

T Permeability




FIBRINOLYTIC PATHWAY

Fﬂc‘:r‘ Xl

Prekallikrein Plasminogen

Kallikrein — > l
\/

Plasmin

HMW ———= Bradykinin
Kininogen




COMPLEMENT C

Lectin Alternatinve

B 1 == =1 o] ] o] [
FBL CA1 3

-f— Bacterial call walls
- MASP 1,2 —— Components
of microbial

C1-like complax cell surfaces

c4a CA-INH =
—

Factor D

‘+ Factor B

Y

|c1q||c4||02||03|




BIOLOGIC EFFECTS OF COMPLEMENT




CLOTTING CASCADE

Intrinsic Pathway Extrinsic Pathway

REESOh oL Tissue thromboplasin

+ VI, Ca

X1 _.i-’—-"“m. Viia

X —= o IXa

Calcium,
FL., VIlin

X -

xXa
l X111
Thrombin—* l

Common

C‘rnsslmhcd fibrin clot




Factor X|l {Hagernan factor)

Cotactor = Collagen, basement membrane,

high-molecular- activated platalsts
weight kininogen —

{HMWEK]

“ Factor X|la
I '
J{I}a H.rli.ﬁ
Kallikrein -l— Prakallikrein Factor x| ——» Xia
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activated
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Plasminagen » Plazmin ————— Fibrin + /- Fibrinogen

1 l’ Fibrincpeptides

Complement Fibrin-split
cascade products

Plasmin

1
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CELL DERIVED MEDIATORS

/7 VASOACTIVE
AMINES
- ARAC Ml|:»-|::nl_».l_l'ii““*\H
| ACID |

LYSOSOMAL T,

P8, COMPONENTS

Platelets
Neutrophils
Monocytes
Endothelium

Fibroblast = CELL
Smooth muscle [ DERIVED
MEDIATORS




VASOACTIVE AMINES

Antigen

“IgE

IgE Fc receptor

Signals for
degranulation

Granule contaents
- Histamine
- Proteases
= Chemotactic factors
(ECF, NCF)

Secreted
cytokines

Signals for
activation of
hospholipase Ao

—

I'J ;’
e 'r//‘/) -

>
‘f' i
7"/ Membrane

.. r 4
_é w. phospholipids
— o ot

Arachidonic
acid

N

Leukotrienes Prostaglandin

Signals for
cytokine gene
activation

-

PAF




Arachidonic Acid Derivatives

Cell Membrane Phospholipids

Phospholipases <& =)X-~ Steroids inhibit :
ospnoipasa X 1OS 1IN NEAIDS,
Ibuprofen

Other
lipoxygenases

Arachidonic acid

HETEs €—— HPETEs =

ASpinn,

5-Lipoxygenase Cyclooxygenase | < =X== indomethacin
inkibit

Prostaglandin G- (PGGa3)

5-HETE €———— 5-HPETE
[chemotaxs) ¢

Leukotriene By o | aukotriene A4 (LTA,) Y
(chemotaxis)
'L Prostaglandin H» (PGH:)

p——

Leukotriene C; (LTC,) ¥

Vasoconsinction
\ Y

Bronchospasm
kotri i (LT
Increased Leukotriene Dy (LTDa) Prostacyclin Thromboxane As

permeability PGl TXA,
Leukotriene E; (LTE ;) (Causes vasodilation, (Causes vasoconslriction,
— inhibils platelet promotes platelet
aggregation) aggregation)
Y
i 1
PGD, PGE, PGF,

Vasodilation
Potentiate edema




LYSOSOMAL CONSTITUENTS OF LEUCOCYTES

Granules

Smaller specific Larger azurophilic
granules granules

myeloperoxidase(lysozyme,

Lysozyme ,gelatinase,lactoferrin _
Ry J defensins)

Plasminogen
activator,histamine,alkaline
phosphatase

acid hydrolases,neutral
protease(elastase,cathepsin g,non
specific collagenase,proteases

J




CHEMOKINES

* One aminoacid residue separate the first two conserved cysteine residues.
* Act primarily on neutrophils,less on monocytes and esinophils
*|L-8

o Secreted hy activated manmphagpq endothelial cells

* Include monocyte chemoattractant protein(MCP-1),eotaxin,macrophage
inflammatory protein,(MIP-12) and RANTES(regulated and normal T cell expresed
and secreted)

hil

* Lack first two cysteine residues of the four conserved cysteines.
* Specific for lymphocytes

* Recently described fourth class of cytokines




CYTOKINES

Cytokines that requlate [ymphocyte function

* |IL-1 and IL-2 favour lymphocyte growth,IL-10 and TGF-3 negative
regulators of immune responses.

° NE - and 1T _

Cytokines that stimulate hematopoiesis

Mediate immature leucocyte growth and sifferentiation

Cytokines that activate inflammatory cells




Initiate response

Histamine
Ch5a
Kinins

Leukotrienes

Prostaglandins
- Neuropeptides
I, TNF

§

Recruitment
of cells

Levkotrienes
Chemoattractants

Platelet-activating
factor

IL-3, IL-6
G-CSF

IL-1, TNF
IL-8

I

Remove

debris

INF-cx, INF-
IL-2
IL-4, IL-5, IL-6
Chemotaxins
IL-1, IL-4
TNF

4

Promote repair
and regeneration

FGF
PDGF
TGF-B
IL-6
IL-1
TNF

4

Induce vessel

lea and

e lial
adherence molecules
(integrins and selectins)

Induce adherence
mﬂﬁh@, chemotaxis,
and leukocyte growth
and proliferation

Activate leukocytes,
growth,
il s
synthesis

Induce fibroblast
growth and collagen
uction

G-CSF = Granulocyte colony-stimulating factor

IL = Interleukin

TNF = Tumeor necrosis factor
INF = Interferon

FGF = Fibroblast growth factor
PDGF = Platelet-derived growth factor
TGF-B = Transforming growth factor-beta

Mogby items and derived (teamz @ Z008 by Mozbhy, Ine




' FATE OF ACUTE INFLAMMATION

‘E Notissug ogs b ReSOluton
> g i sy Helg Byl
o

( el inﬂam@

L—' Persistence of eliologic agent

Discharge of pus s Suppurafor
Choni namel |




CHRONIC INFLAMMATION

A. Chemotaxis B. Phagocytosis C. Killing
Defensins,
lysozyme, some
Bacterial neutral serine
Qamw@g\_ :
Cha =

NADPH oxidase,
myeloperoxidase,
nitric oxide synthase

- Septin

D. Antigen Processing and Presentation

3. CR4 recycle, antingen processed
2. Phagolysosome

4. Multilaminar class Il
“associated compartment (MIIC)

6. Co-stimulation

5. Antigen presented on
MHC class Il molecule

1. Phagosome

E. Cytokines IL-1o
IL-1B
IL-1ra




CELL INJURY
{(e.g. by AM.tubercufosss, tafc)

&

GRANULOMATOUS e e

Weak acute inflammatory response

INFLAMMATION

Engulfment by macrophages

Persistence of injurious agent

il i

T cell-mediated Poorly digestible
immune response agent

- Activation of CD4+T celis
(release of iymphokines IL-1, IL-Z2.
growth factors IFN-v and TINF-a)

= Monocyte chemotactic factor

- Accumulation of tissue macrophages
(increased recruitment from circulation, local profiferation)
= Proliferation of T celis

L

M acye s activated Q—}

Transformation to Secretion of fibroblastic
epithelicid cells, proliferating coytokines
giant cells

Figure 11.7 L & Mechanism of evolution of a granuloma {1L=inter-_5__;...-
IFN= interdferon;:; TINF = tumour necrosis factor}.




GINGIVAL INFLAMMATION:

The sequence of events in the development of gingivitis is
analyzed in three different stages

Stage one gingivitis:

The initial lesion, first manifestation of gingival inflammation
are

vascular changes.dilation of capillaries and increased blood flow.

Stage two gingivitis :
The early lesion, after 4-7 days clinical signs of erythema may
appear,prominent cells are [ymphocytes.

Stage three gingivitis:
The established lesion, in chronic gingivitis the blood vessels
become

engorged and congested, venous return is impaired, and the
lood flow becomes sluggish,

results in localized gingival anoxemia, which superimposes a
some what bluish hue on the
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