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Objectives

1. Chemical mediators of inflammation:

|I. Definition

Il. Know the general principles for chemical
mediators.

Ill. Know the cellular sources and major effects of
the mediators.

IV. List the most likely mediators of each of the
steps of inflammation.

2. Describe the systemic manifestations of
inflammation and their general physiology,
including fever, leukocyte left shift, and
acute phase reactants.



Chemical mediators of inflammation

What are mediators?

* Chemical mediators of inflammation are
substances produced during
inflammation inducing a specific events
in acute inflammation.



Chemical mediators of inflammation

General principles for chemical mediators

The production of active mediators Is triggered
by:
microbial products
host proteins, such as the proteins of the

complement, kinin and coagulation
systems

( these are themselves activated by
microbes and damaged tissues)




General principles for chemical mediators

Most mediators have the potential to cause harmful
effects.

Therefore, there should be a mechanism to checks
and balances their action.

B Mediator function is tightly regulated by:
1) decay (e.g. AA metabolites)
2) inactivated by enzymes (kininase inactivates
bradykinin)

3) eliminated ( antioxidants scavenge toxic oxygen
metabolites)




Chemical mediators of inflammation

Source of Chemical mediators

* Plasma-derived: * Cell-derived:
1. Complement 1. Synthesized as needed
2. kinins (prostaglandin)
3. coagulation factors 2. Preformed,

sequestered and
released (mast cell

— Many in “pro-form” histamine)

requiring activation
(enzymatic cleavage)



Chemical mediators of inflammation

Chemical Mediators of Inflammation !

Cell-Derived Plasma-Protein-Derived




Chemical mediators of inflammation

Chemical Mediators
of Inflammation

Cell-Derived

Plasma-Protein-
Derived

Complement

Coagulation and Kinin

Systems




Chemical mediators of inflammation: cell derived

Cell-Derived Mediators

Producing cells:
CELLULAR MEDIATORS

Histamine
Serotonin
Lysosomal enzymes

Preformed madiators
In secretory granules

- Prostaglanding
Laukotrienes

- Platelet-activating factors
Activated oxygen species
Nitric oxide

- Cytokines

Newly synthesized —

SOURCE

Mast cells, basophils, platelets
Platelets
Neutrophils, macrophages

All leukocytes, platelets, EC

All leukocytes

All leukocytes, EC

Al leukocytes

Macrophages

Lymphocytes, macrophages, EC



Chemical mediators of inflammation: cell derived

Vasoactive Amines

Histamine & Serotonin
Among first mediators in acute inflammatory reactions

* Preformed mediators in secretory granules

Antigen

IgE

Signals for
activation of
phospholipase Ao

IgE Fc receptor

Signals for

degranulatuo \

Signals for
cytokine gene
activation

Nucleus

Membrane
phospholipids

#

Granule contents Secreted Arachidonic PAF
e Histamine cytokines acid
= Proteases
= Chemotactic factors
(ECF, NCF)
Leukotrienes Prostaglandin
Ba, Cg4, Dy Do

Primary mediators Secondary mediators



Chemical mediators of inflammation: cell derived

Histamine
Source:

many cell types, esp. mast cells, circulating
basophils, and platelets

Stimuli of Release: Actions:
Physical injury
Immune reactions 1. ARTERIOLAR DILATION

C3a and C5a fragments
Cytokines (e.g. IL-1 and IL-8)
Neuropeptides

2. INCREASED VASCULAR
PERMEABILITY (venular gaps)

3. ENDOTHELIAL ACTIVATION

Inactivated by:

Histaminase




Chemical mediators of inflammation: cell derived

Serotonin
(5-HT)
Source:
Platelets
Action:

Similar to histamine
Stimulus:

Platelet aggregation



Chemical mediators of inflammation: cell derived Source:

Arachidonic Acid Metabolites (eicosanoids)

Leukocytes
Mast cells
Endothelial cells

Cell membrane phospholipids Platelets

Steroids inhibit -~ x. -» (_Phosphol ipases;" X

h
ARACHIDONIC ACID - L » HPETES —— HETES
=0 = | lipoxygenases

\S-Lipoxygenas.e 3

Prostaglandin G, (PGG>) 5-HPETE > 5-HlETE
v ( 12-Lipoxygenase ; l Chemotaxis

>OX-1 and COX-2 inhibitors,

aspirin, indomethacin inhibit -=K> Cyclooxygenase

Prostaglandin H, (PGH,)
Leukotriene A, (LTA;) ——>» Leukotriene B,
i Leukotriene C4 (LTC4) |
Pros;aG(iyclm ThromTt;a(ane A, 4 (LTCy) ascoraiisien
2 2 Bronchospasm
vasodilation, vasoconstriction, vaswl:rbm
inhibits pla}elet promotes platelel Leukotriene Es (LTEq) perme ity A
aggregation aggregation -
¢ + Lipoxin A, Lipoxin B,
PGD, PGE; (LXA,) (LXB4)
Vasodilation Inhibit neutrophil adhesion

Increased vascular permeabiligy and chemotaxis




Arachidonic Acid Metabolites (eicosanoids)

Action

Eicosanoid

Vasodilation

Vasoconstriction

Increased vascular
permeability

Chemotaxis, leukocyte
adhesion

Smooth muscle contraction

Prostaglandins PGl, (prostacyclin), PGE;, PGE,,
PGD,

Thromboxane A,, leukotrienes C4, D,, E,

Leukotrienes C,, Dy, E,

Leukotriene B,

Prostaglandins PGC4, PGD4, PGE4




Chemical mediators of inflammation: cell derived

SOURCES MAJOR INFLAMMATORY ACTIONS
Mast cells/basophils Increased vascular permeability
Neutrophils Leukocyte aggregation
EMonocytes/macrophages Leukocyte adhesion
Endothelium Leukocyte priming/chemotaxis
Platelets Platelet activation
Others Stimulation of other

mediators (LT, O57)
H,C—O0—(CH,)—CHj

c"> 15-17
CH;—C—O0—CH O CH;
| ®
H,C—0—P—0—CH,—CH,—N—CHj
® o0 CH;

PLATELET-ACTIVATING FACTOR



Chemical mediators of inflammation: cell derived

Chemical Mediators of Inflammation

Cell-Derived Plasma-Protein-Derived

Cytokines
Polypeptides
Actions:
- Involved in early immune and inflammatory reactions

- Some stimulate bone marrow precursors to produce
more leukocytes

- Have roles in acute and chronic inflammation




Chemical mediators of inflammation: cell derived

. Bacterial ] | )
Cytokine of im?nc&zgacgr:\o;:?:s. ACUTE-PHASE REACTIONS
Acute inflammation: [*(EVEEIY | po
i - | 1Sleep RN
Interleukin (IL-1) & TNF Ronhe ) 1
t Acute-phase proteins ' | |
Hemodynamic effects (shock) i/ |
MACROPHAGE Neutrophilia »:
(and other cell) | it
ACTIVATION
l ENDOTHELIAL EFFECTS
t Leukocyte adherence
IL-1 / TNF =———t+— PGl synthesis
t Procoagulant activity
¥ Anticoagulant activity
tiL-1, IL-8, IL-6, PDGF
FIBROBLAST EFFECTS
t Proliferation
— #Collagen synthesis s
t Collagenase e
t Protease
t PGE synthesis
LEUKOCYTE EFFECTS

t Cytokine secretion (IL-1, IL-6)




Chemical mediators of inflammation: cell derived

Cytokines of Chronic Inflammation:
Interferon-y (INF- y) & Interleukin ( IL-12)

T lymph
e ocyte Cytokines
(eg IL-12)

Activated . Activated
T lymphocyte _,,m.\ macrophage

Presentzk\ /

antigen to TNF

T cells 1 L1
/ \

v p™

Other Other
inflammatory inflammatory
mediators mediators
Inflammation Inflammation

Macrophage

Activated lymphocytes and macrophages influence each other and also
release inflammatory mediators that affect other cells.



Chemical mediators of inflammation: cell derived

Chemical Mediators of Inflammation

Cell-Derived Plasma-Protein-Derived

Small proteins
They are chemoattractants for leukocytes

Leukocyte recruitment & activation in inflammation

Normal anatomic organization of cells in lymphoid
and other tissues




Chemical mediators of inflammation: cell derived

Chemical Mediators of Inflammation

Cell-Derived ” | Placma-Prntein-Derived

Reactive Oxygen Species

NADPH oxidase pathway
Neutrophils and Macrophages
Microbes

Immune complexes

Cytokines

Microbicidial (cytotoxic) agent



3. Chemical mediators of inflammation

Chemical Mediators of Inflammation

Cell-Derived Plasma-Protein-Derived

Nitric Oxide ( NO)
Short-lived
Soluble free-radical gas
Functions:

Vasodilation

Antagonism of platelet activation
(adhesion, aggregation, & degranulation)

B Reduction of leukocyte recruitment

Microbicidial (cytotoxic) agent (with or
without ROS) in activated macrophages



Chemical mediators of inflammation: cell derived

Vascular smooth muscle
1 ) relaxation and vasodilation

Reduced
leukocyte
adhesion

Actions of Nitric Oxide

Reduced

) ) adhesion Endothelium

Activation
stimulus

Macrophage



Chemical mediators of inflammation: cell derived

Chemical Mediators of Inflammation

Cell-Derived Plasma-Protein-Derived

Lysosomal Enzymes of Leukocytes
Neutrophils & Monocytes
Enzymes:

Acid proteases

Neutral proteases (e.g. elastase, collagenase, &
cathepsin)

Their action is checked by:
Serum antiproteases (e.g. a1-antitrypsin)




Chemical mediators of inflammation: cell derived

Chemical Mediators of Inflammation |
Cell-Derived | Plasma-Protein-Derived

Neuropeptides

Small proteins
Secreted by nerve fibers mainly in lung & GIT

Initiate inflammatory response
e.g. Substance P :

Transmits pain signals

Regulates vessel tone

Modulates vascular permeability




Chemical mediators of inflammation: Plasma protein derived

Chemical Mediators
of Inflammation

Cell-Derived !

"J\Z;\ _

(major source)

Derived

Plasma-Protein- !

Factor XIl (Hageman
factor) activation

Complement
activation

Kinin system (bradykinin)
Coagulation / flbrinolysis system

2 G
o } anaphylatoxins
Cay

- Csng (membrane altack complex)



Chemical mediators of inflammation: Plasma protein derived

« Avariety of phenomena in the inflammatory response
are mediated by plasma proteins that belong to three
Interrelated systems

1. Kinin
2. Complement
3. Clotting systems



Chemical mediators of inflammation: Plasma protein derived

& clotting systems

Factor XII (Hageman factor)
HAGEMAN FACTOR
Cofactor = Collagen, basement membrane, i
high-molecular- activated platelets activate both the
weight kininogen ™~ .
(HMWK) coagulatlon factors
“ Factor Xlla
' }
Clotting cascacde [l enhanced
xua Xlla leukocyte
l adhesion &

Kallikrein q— Prekallikrein Factor X| —— Xla activation
Factor X —lh Xa Protease-
1 activated
receplors

HMWK —— Bradykinin Flg;::g:: Ic Prothrombin = Thrombin _pp- Acute

inflammation

(Factor Il) (lla)
increases vascular Kallikrein

permeability, pain

Plasminogen = Plasmin = Fibrin « / Fibrinogen
'l' l Fibrinopeplides
Fibrin-split ~ —_________
cascade products increases vascular

Plaslmin permeabﬂffja

C3 ———— (C3a




Chemical mediators of inflammation: Plasma protein derived

Complement System

C5a, C3a: Inflammation

Alternative ;
pathway * Microbe

Classical
pathway

Anti@

et w3
‘..

Recruitment and Destruction of microbes

activation of leukocytes by leukocytes
C3a D C3b: Phagocytosis

MAC: Lysis of ’ .

Lectin microbe

pathway Mannose Formation of
binding lectin membrane attack

complex (MAC)

ng r:smq:?:;;ted ecognition of bound C3b Phagocytosis
by phagocyte C3b receptor of microbe
7.




Chemical mediators of inflammation: Plasma protein derived

Complement protein

C3a & C5a =>» Increase vascular permeability
( anaphylatoxins)

C5a=>» Chemotaxis

C3b=» Opsonization

C5-9 = membrane attack complex



Role of Mediators in
Different Reactions of
Inflammation

Vasodilation

Prostaglandins
Histamine
Nitric oxide

Increased vascular
permeability

Vasoactive amines
Bradykinin

Leukotrienes C4, D4, E4
PAF

Substance P

Chemotaxis, leukocyte | Cba
recruitment and Leukotriene B4
activation Chemokines
IL-1, TNF
Bacterial products
Fever IL-1, TNF
Prostaglandins
Pain Prostaglandins

Bradykinin

Tissue damage

Neutrophil and macrophage
lysosomal enzymes
Oxygen metabolites

Nitric oxide




Cell-Derived:

Histamine
Serotonin

Prostaglandins

Leukotrienes

Platelet-
activating
factor

Reactive
oxygen species

Nitric oxide

Cytokines (e.g.
TNF, IL-)

Mast cells, basophils,
platelets

Platelets

Mast cells, leukocytes

Mast cells, leukocytes

Leukocytes, endothelial
cells

Leukocytes

Endothelium,
macrophages

Macrophages,
lymphocytes
Endothelial cells, mast
cells

Vasodilation, increased vascular
permeability, endothelial activation

Vasodilatation, increased vascular
permeability.
Vasodilatation, pain, fever.

Increased vascular permeability,
chemotaxis, leukocyte adhesion and
activation.

Vasodilatation, increased vascular
permeability, leukocyte adhesion,
chemotaxis, degranulation, oxidative burst

Killing of microbes, tissue damage

Vascular smooth muscle relaxation; killing
of microbes

Local endothelial activation (expres-sion
of adhesion molecules), systemic acute-
phase response in severe infections,
septic shock






Systemic manifestations of inflammation

Systemic effects of Inflammation

» Acute phase * Liver
reaction/response - |L-6, IL-1, TNF
- IL-1 and TNF » Acute phase proteins
> Fever * C-reactive protein
> Malaise * Lipopolysaccharide
. binding protein
» Anorexia _
 Serum amyloid A
* Bone marrow * a-2 macroglobulin
- IL-1 + TNF * Haptoglobin
» Leukocytosis « Ceruloplasmin

e fibrinogen
« Lymphoid organs



Systemic manifestations of inflammation

Fever

Produced in response to Pyrogens

« Types of Pyrogens:

—EXogenous pyrogens:
Bacterial products

—Endogenous pyrogens:
IL-1 and TNF

« Bacterial products stimulate leukocytes to
release cytokines such as IL-1 and TNF that
Increase the enzymes (cyclooxygenases)
that convert AA into prostaglandins.



Systemic manifestations of inflammation Fever

INFECTIONS, TOXINS,

*In the hypothalamus, the IMMUNE COMPLEXES, NEOPLASIA
prostaglandins, especially PGE,, + +
stimulate the production of IL-1/TNF = IL-6 —
neurotransmitters such as cyclic ‘|' /
AMP, which function to reset the Hypothalamus
temperature set-point at a higher * |
Prostaglandins (E)
level.
e Vasomotor center  -—s—
*NSAIDs, including aspirin , reduce +
e g ep ey Sympathelic nerves
fever by inhibiting cyclooxygenase *
and thus blocking prostaglandin R A i)
synthesis.
}Heat dissipation

f

=1




Systemic manifestations of inflammation

Leukocytosis

gcg.:av;w ~

Myeloblast Promyelocyte Myelocyte Metamyelocyte Band Neutrophil



Systemic manifestations of inflammation
Inflammation

Systemic Manifestations

Leukocytosis:
WBC count climbs to 15,000 or 20,000 cells/pl
most bacterial infection (Neutrophil)
Lymphocytosis:
Infectious mononucleosis, mumps,
German measles
Eosinophilia: bronchial asthma,
hay fever, parasitic infestations

Leukopenia: typhoid fever,
infection with rickettsiae/protozoa



Systemic manifestations of inflammation

C-reactive protein

_ (CRP)
Acute Phase Proteins Lipopolysaccharide
binding prote.in
Acute Phase Proteins are normally found (SS?AXT amyloid A
in the blood at low concentrations, but a-2 macroglobulin

following hepatic stimulation by IL-6 Haptoglobin

. - Ceruloplasmin
their concentration increases fibrinogen

Detection of elevated levels of acute
phase proteins is an indication of an CRP and SAA, bind to

inflammatory response microbial cell walls,
and they may act as

opsonins and fix
complement




Acute phase proteins

e Elevated serum levels of CRP serve as a
marker for acute inflammation and increased
risk of myocardial infarction in patients with
coronary artery disease.

Prolonged production of these proteins (especially SAA) in
states of chronic inflammation can cause:
secondary amyloidosis




Systemic manifestations of inflammation

Increased erythrocyte sedimentation rate (ESR)
*The rise in fibrinogen causes erythrocytes to form stacks (rouleaux)
that sediment more rapidly at unit gravity than do individual
erythrocytes.

(ESR)




Systemic manifestations of inflammation

Erythrocyte Sedimentation
Rate (ESR)

1hr

v3-CSBRP-Ma

}

The distance, in mm,
the RBC fall in 1 hr
is the Sed Rate

2




Systemic manifestations of inflammation

Erythrocyte sedimentation rate (ESR)

This is a simple test for an inflammatory

response caused by any stimulus.

A Normal postcapillary venule B Acute inflammation
igratin
5 neutrophil
avementin
strea neutrophi
Zone of plasma S N
v, arginatin . B
neutrophil - .
- =
N 8 !
T i &=
| -
v - -
-
!
-
, =
~
- L=

Fibrinogen binds to red cells and causes
them to form stacks (rouleaux) that
sediment more rapidly at unit gravity
than do individual red cell




Summary

1. Chemical mediator of inflammation

2. The systemic manifestations of
inflammation include fever, leukocyte
left shift, and acute phase reactants.



