Chemical mediators in

inflammation and patterns of

acute inflammation

OBJECTIVES e

D Chemical mediators of
inflammation:
I. Definition

II. Know the general principles for
chemical mediators

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

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

Recognize the different patterns of
inflammation

> List and describe the outcome of acute
inflammation.
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https://docs.google.com/file/d/1VHVmO1a2IGbdM2urmB0uf40RYZ1YDXNk/edit?usp=docslist_api&filetype=mspresentation

Chemical mediators of

inflammation

Mediators:

we Really recommend you to watch this Playlist to Understand All of
the Inflammation Chapters Perfectly

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

production

> microbial products

of active
mediators is

host proteins, such as the proteins of

triggered

the complement, kinin and coagulation

by

systems (these are themselves
activated by microbes and damaged
tissues)

General principles for
chemical mediators

Mediator function is tightly
regulated by:

Most mediators have the

potential to cause inactivated eliminated
harmful effects. Decay by enzymes (e.q.
- Therefore, there (e.g . AA (e.g. k|n|nase antioxidants

i - - - scavenge toxic
should be a mechanism metabolltes) inactivates g
to checks and balances bradykinin) oxygen

their action.

metabolites)


https://youtube.com/playlist?list=PLTF9h-T1TcJj4AOPCxGxOUTH0IVmaH7_8

Source of chemical mediators

cell-derived: Plasma-derived:

1- Complement
2- Kinins

1. Synthesized as needed
(prostaglandin) 3-coagulation factors

Many in “pro-form” inactive

2. Preformed, sequestered and requiring activation (enzymatic

released (mast cell histamine)

cleavage)
against offending agents in against circulating microbes
tissue
?"—ﬁ;tcens Vasoactive Amines | Histamine
2. Macrophages
3. Dendritic cells
4. Endothelial cells Eicosanoids
5. Epithelial cells
6. Lymphocytes
Cell-Derived PAF
Cytokines
Chemical Mediators of Chemokines

Inflammation

ROS =Reactive |
Oxygen Species

NO =Nitric Oxide

Lysosomal Enzymes
of Leukocytes

Plasma-Protein-Derived

Neuropeptides

Complement

Coagulation system

Kinin system
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' @ Chemical mediators of inflammation:
& cell derived

) - Cell-Derived Mediators
G|r|ss||deshave ....................................

“Tissue macrophages

Mast cells

- Endothelial cells

Leukocytes”

Producing cells:

CELLULAR MEDIATORS SOURCE
Preformed mediators Histamine Mast cells, basophils, platelets
in secretory granules Serotonin Platelets
Lysosomal enzymes Neutrophils, macrophages
- Prostaglandins All leukocytes, plalelets, EC
Laukotrienes All leukocytas
: | Platelet-activating factors Al leukocytes, EC
bkt b Activated oxygen species  All leukocytes
Nitric oxide Macrophages
- Cytokines Lymphocytes, macrophages, EC

Vasoactive Amines

Immune reaction
involves linking of:
Antigen IgE IgE Fc
receptor. 439

Histamine & Serotonin
Among first mediators in acute inflammatory reactions

Antigen

IgE

Signals for
activation of
phospholipase Ao

Signals for /
dogranulatio K
—H—\

IgE Foc receptor

Signals for
cytokine gene
activation

Preformed mediators
in secretory granules

Nucleus

Degranulation e Membre_ung
3 / _;:__.. - phospholipids
Granule contents Secreted Arachidonic PAF
= Histamine cytokines acid

- Proteases
- Chemotactic factors
(ECF, NCF)
Leukotrienes FProstaglandin

______________________________

Primary mediators Secondary mediators



Chemical mediators of inflammation:

cell derived- preformed

Histamine

plays a major role in the early phase of acute
inflammation and increases vascular permeability

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

Stimuli of Release: Actions:
- Physical injury 1-ARTERIOLAR
- Immune reactions DILATION
(cross-linking of 2-INCREASED
cell-surface IgE by VASCULAR
antigen) PERMEABILITY
- C3a and C5a (venular gaps)
frgg“‘e!‘ts 3-ENDOTHELIAL
- Cytokines (e.g. IL-1 and
IL-8) - Neuropeptides ACTIVATION

Inactivated

by:

Histaminase

éThe antihistamine drugs that are commonly Histaminase used to treat some
inflammatory reactions e.g. allergies are H 1 receptor antagonists that bind to and
- block the receptor.

____________________________________________________________________________________________________________

‘Serotonin ( its function not really
' known).441 (5-HT)

| ; 5-HT receptors, 5-hydroxytryptamin
. Source: Platelets § . e receptors, or serotonin receptors,
i i ' are a group of G protein-coupled

' receptor. 441

 Action: o ——— |
e Neurotransmitter in the gastrointestinal

 tract |

e a vasoconstrictor (the importance of this Note 439:

~action in inflammation is unclear) It is important to know things

| i that are only synthesized by
‘Stimulus: Platelet aggregation —




Chemical mediators of inflammation:
cell derived-_newly synthesized

l(wchidonig Acid Metabolites Platelet-Activating Factor
- Source:
. Leukocytes
PPN D XD P AR SR A P AP K AP PP P PN i Mast Ce”s i . P
nhibiorsof o PSS Endothelial cells Mast cells/basophils Increased vascular permeability
Prostaglandins  [sos ] - | Platelets § Neutrophils Leukocyte aggregation
and Leukotrienes Phospholipases : : :
Monocytes/macrophages Leukocyte adhesion
Other | | | |
o Endothelium Leukocyte priming/chemotaxis
e el e —— Platelets Platelet activation
ey | l | Looryoenase inhioiors | Montelukast : .
—  porygenase ] Others Stimulation of other
Ptosmg;mdin Gy (PGGy) —lefUL » 5.HETE mediatOrS (LT, 027)
Prostaglandin H, (PGH,) Choml()!axus @
Prostacyclin | 1 Leukotriene
e Leukotriene A (LTA,) ——p Leukotriene B, ,Lﬁ:&l\zxx
vugoa(:lsu(:i)n o L o ‘
m,?('b':i p,‘::g:l’: Leukotriene C4 (LTCy) ,
= . & P | V.
frvomborane & | cimispiel | || 4 ‘”°"} iy
2 aggregation Leukotriene E, (LTE,) ")
@ el important in asthma ‘
Py pm;gg"z;?'lﬂ'?'et 12-Lipoxygenase ,
= 7 & They are anti-inflammatory ‘ i
Pat; * Lt Leonaes | W |
= ter nteraction | """ %0 | 8 000 PLATELET-ACTIVATING FACTOR
vasodilation, of platelets with Inhibition of
o the leukocytes inflammation
permeability
Arachidonic Acid Metabolites (eicosanoids)
Action Eicosanoid
Vasodilation Prostaglandins PGI2
(prostacyclin),PGE1,PGE2, PGD2
vasoconstriction Thromboxane A2, leukotrienes C4,

D4, E4

Increased vascular permeability |leukotrienes C4, D4, E4

chemotaxis, leukocyte adhesion |Leukotriene B4, HETE

Smooth muscle contraction Prostaglandins PGC4 , PGD4 ,PGE4

Prostaglandins affect
thermoregulatory center of
CNS in hypothalamus and
cause fever. Note:441




Cytokines
Polypeptides

Actions:

Chemical mediators of inflammation:
cell derived- newly synthesized

Source:
Lymphocytes
Macrophages
Dendritic cells
Endothelial cells
Epithelial cells

- Involved in early immune and inflammatory reactions
- Some stimulate bone marrow precursors to produce more

leukocytes

- Have roles in acute and chronic inflammation

Interferons have many uses
in medicine especially in
hepatitis. Note:441

Cytokines of Chronic

Inflammation:
Interferon-y (INF-y) &
Interleukin ( IL—12)

Cytokines

YIL 12)
~ atfin

T lymphocyte @

Activated
T Iymphocyte
Presents
antigento |
T cells

/ / w\ -
Other g
inflammatory !

mediators

Inflammation

Macrophage

Other
inflammatory

mediators
Inflammation

Activated
macrophage

@

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

Cytokine of Acute
inflammation:
Interleukin (IL-1 and
IL-6) & tumor necrosis
factor (TNF)

Action:

e Local Stimulates expression
of endothelial adhesion
molecules and secretion of
other cytokines;

e systemic effects (ex, fever)

____________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________

TNF
L1

TNF antagonists is
effective in the
treatment of
rheumatoid arthritis

TNF,
IiL-1

L1
IL-6

. -1_{1/’»

Increased
expression of
adhesion molecules

LOCAL INFLAMMATION

TNF

Endothelial cells

Leukocytes

g

Activation

T cell

o IL-17

increased
: permeabiity

-1
chemokines

iL-1, IL-6
chemokines

- Jo
"

Chemokines

Other
cell
types

SYSTEMIC PROTECTIVE EFFECTS

SYSTEMIC PATHOLOGICAL EFFECTS

Brain

Heart

TNF,
L
iL-6

TNF

<gt

Fever

output

Liver Endothelial cells, blood vessels

TNF =3
» Acute
phase
protemns increased

Thrombus
permeabiity

TNF, Bone marrow

-1, Multiple tissues
IL-6
TNE | Skelg:a%
-1 , muscie
~ ol
o

insubn resisiance




Chemical mediators of inflammation: cell derived-
newly synthesized

Reactive Oxygen Species

Synthesized via:
NADPH oxidase pathway

Source:
Neutrophils and Macrophages

Stimuli of release:

e Microbes

e Immune complexes
e Cytokines

Action:
Chemokines Microbicidial (cytotoxic) agent
Small proteins

They are chemoattractants for

leukocytes

Oxidative action
make tissue injury
but kill the bacteria.
Note:441

Main functions: Leukocyte
recruitment & activation in
inflammation Normal anatomic
organization of cells in
lymphoid

and other tissues

Nitric Oxide (NO)

Chemokines play major role in chemotaxis
and leukocyte activation.

No chemotaxis no defense against
inflammation no migration of leukocyte from
blood vessels to the tissue.441

Short-lived Soluble free-radical
gas

Functions:

e \asodilation

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

e Reduction of leukocyte
recruitment

e Microbicidal (cytotoxic) agent
(with or without ROS) in
activated macrophages

Lysosomal Enzymes of
Leukocytes
Neutrophils & Monocytes

Enzymes:

e Acid proteases

e Neutral proteases (e.q.
elastase, collagenase, &

r—W —FN ——F

cathepsin) Neuropeptides
Small proteins
Their action is checked Secreted by nerve fibers mainly in lung &
by: GIT
Serum antiproteases (e.g. Initiate inflammatory response

al-antitrypsin)

e.g. Substance P :

Transmits pain signals
Regulates vessel tone
Modulates vascular permeability




Chemical mediators of inflammation

Chemical Mediators of
inflammation

cell-derived — Plasma protein derived

— Complement

Coagulation and
— Kinin
Systems

Factor X (Hageman | Kinin system (bradykinin
actor) actvalion L Goagulaton Horinolyslssystem

1. Clotting systems
2. Kinin
3. Complement

r Uiy I
<L anaohvialoxin
omplement (& }3 aryaI0NINS
activation (e

LIVER
Mefor Source

ey (membrane allack complex|




Kinin and Clotting systems

Kinin & clotting systems

M Factor XII (Hageman factor)

HAGEMAN FACTOR

Cofactor = Collagen, basement mem , .
high-molecular- activated platelets activate both the
weight kininogen coagulation factors
(HMWK) g )
> and the kinin.system
“ Factor Xlla
i ' ;
Clotting cascado Jll  €nhanced
xua Xlla leukocyte
adhesion &
Kallikrein o— Prekallikrein Factor X| = Xla activation

Protease-

Factor X —1’ Xa |
activated
Fibrmolytlc l

ik > Thomii receptors Acute
HMWK — Bradykinin system ('F?acrt?)‘?ll)n ;ﬁf) ‘ inflammation

For more info: Kinin—kallikrein
system is a hormonal system
that plays a major role in

inflammation, blood pressure

Increases vascular Kalllkrein

permeability, pain

control, coagulation, pain and Plasmin0gen =——————————p PlagMin = Fibrin < Fibrinogen
cellular proliferation. 1 1 /
Bradykinin Increases Vascular Fibrinopeptides
Permeability (Pain) Complement Fibrin-split

cascade products increases vascular

Plasmin

permeability,
Chemotaxis

C3 wp (300

Complement System

C5a, C3a: Inflammation

Alternative .
pathway . 0 0
»_\\\ Recruitment and Destruction of microbes
\\ :;/ activation of leukocytes by leukocytes
\\ “
N <ﬁ C3a r\ C3b: Phagocytosis
N\
Classical
pathway > *@- 0
Antn / // C3bis depo::ed Recognition of bound C3b Phagocytosis
0N oo \ by phagocyte C3b receptor of microbe
N
\\ MAC: L
: Lysis of
Lectin W N microbe o A
pathway Mannose Formationof S/ 4 9 _
binding lectin membrane attack > 4
complex (MAC) IQ
R
C3a & C5a > C3b —>
Increase vascular Opsonization
Permeability C5-9 k|):> y I
(anaphylatoxins) mem rTnedatta; COI‘T}F: ex
C5ar—> (MAC), lead to bacteria

lysis

Chemotaxis



Role Mediators in Different

Reactions of Inflammation

Prostaglandins

o Histamine (vasoactive amine)
Vasodilation Nitric oxide

Vasoactive amines
) Bradykinin - Leukotrienes C4, D4,

Increased vascular permeability [E4 PAF - Substance P

C3a, C5a - Leukotriene B4

Chemotaxis, leukocyte recruitment Chemokines

and activation

Important (IL-1, TNF)
Opsonization IgG, C3b
very ,
important
Fever IL-1, TNF - Prostaglandins
Pain N - (i
Bold highlighted are very important as PrOStaglande Bradyklnln
doctor said but memorize all of them
Tissue damage Neutrophil and macrophage

lysosomal enzymes
Oxygen metabolites and Nitric oxide

Morphologic Patterns of Acute

Inflammation

Several types of inflammation
vary in their morphology and

clinical correlates. Why?

e The severity of the reaction

e The particular tissue

e Specific cause

e Site involved

Serous L Suppurative

: . Fibrinous or purulent
inflammation inflammation

Inflammation
different patterns of inflammation:
Other Catarrhal
inflammations plcer )
inflammation

inflammation



different patterns of inflammation

A fibrinous exudate is
characteristic of inflammation
in the lining of body cavities,

such as the meninges,

pericardium
and pleura (larger molecules
such as fibrinogen pass the
_vascular barrier)

B\:h- AR LWL A,_“F"Q:

-Fibrinous exudates
may be removed by
fibrinolysis.

nflammation | _.if not: it may
stimulate the
ingrowth of
granulation
tissue

(organization)

Sites:
- Body cavities
(peritoneum, pleura,
or pericardium)

- SKin
o '.‘:f;‘\\/
Serous
inflammation
marked by the ]
outpouring of
a thin fluid
Catarrhal
inflammation

Inflammation Affects,/
Mucosa-lined surfaces
with the outpouring

of watery mucus.



different patterns of

Suppurative or Purulent

inflammation

inflammation
Characterized by the production of ,r"- | |
"3 - R .—& );-“

large amounts of pus (z' ) or
purulent exudate consisting of
neutrophils, necrotic cells, and —_——
edema fluid caused by pyogenic |

(pus-producing) bacteria. g '

Purulent inflammation is characterized by the
production of pus, an exudate consisting of
neutrophils, the liquefied debris of necrotic cells,
and edema

An abscess is a cavity lined by granulation tissue
and containing:

neutrophils

An enclosed collection of pus consists
necrotic cells of a mixture of neutrophils and
necrotic debris

bacteria

Fibrinous
material

Morphologic Patterns of Acute Inflammation:

Abscesses : A localized
collections of purulent*
inflammatory tissue caused
by suppuration buried in a
tissue, an organ, or a
confined space




different patterns of inflammation

Ulcer inflammation

An ulcer is a local defect of the surface of an organ or tissue that is
produced by the Sloughing* (shedding) of Inflammatory necrotic
tissue.

v ‘-\

Yy
. ey
i . ", :" : e
"4 . )| “
orad
’.' ’.]F "~ T‘-v
LR > § .

Fibrinopurulent exudates H
" .

Granulation tissue l Fibrosis
w—"‘_.'f o ia —— -y

Other inflammations

Sinus Fistula Cellulitis
A tract between the A tract between denotes a spreading
abscess and a surface two surfaces. of acute inflammation
(skin). through interstitial

tissues.

N
| Anal

. | sphincte:
—  muscles

| Anal
——fissure
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different patterns of inflammation

Acute inflammation may have one of the four outcomes:

-t

(fibrosis) (—ab)
3. Progression of the tissue response to

chronic inflammation (¢« » <& Jd ki)

Complete resolution (J«\S i)
2. Healing by connective tissue replacement

4. Abscess formation(z'ua os5)

Events in the resolution of inflammation:

2. The necrotic
debris, edema fluid,
and inflammatory
cells are cleared by
phagocytes and
lymphatic drainage.

|
21
3

1. Neutralization,
decay, or enzymatic
degradation of the
various chemical
mediators:
normalization of
vascular
Permeability, and
cessation* of
leukocyte emigration
and apoptosis.

3. Lymph node
become enlarged
and inflamed

ACUTE INFLAMMATION RESOLUTION
* Vascular changes * Clearance of injurious stimuli
* Neutrophil re * Clearance of mediators and acute
* Mediators inflammatory cells
* Replacement of injured cells
* Normal function
Infar . §
Bact f @ U s
* Toxir PNl
* Tray ! Wi N %, Pus formation (abscess
Progression . Jealing
Healing
. .
—
m ) \ -
P Healing
* Viral tions - ‘J - .
* Chro tions i
S 0
. Po'r~ jury FIBROSIS
* Aulc dise * Loss of function
CHRONIC INFLAMMATION
* Angiogenesis
* Mononuclear cell infiltrate
* Fibrosis (scar)
Blood
Necrotic
lissue
Neutrophil
, Monocyte
Fluid and
protens
Neutrophil
apoptosis
Maturation
2 * & o
! ¢ > /' -t t
Lymph Debris

Macrophage
4

)

O™~ -~
( 7{

),
%) o, 4~ °

@

New blood vessels

Growth

factors Repair

Fibroblasts



Chemical Mediators

Chemical mediator

Source

Function

Histamine Mast cells, circulating _Arteriolar Dilation
basophils, and platelet _Increased vascular
permeability
-Endothelial Activation
Serotonin Platelets Platelet aggregation

arachidonic acid

Released from the cell

Cytokines (TNF,

membrane Pro-Inflammatory
Mediator

Lymphocytes

Macrophages

Dendritic cells

inflammatory

Endothelial cells reactions
IL-1...) Epithelial cells
. Leukocyte
SulEiuiel s - recruitment &
activation
Reactive Oxygen Neutrophils and Microbicidal

Species.

Macrophages

(cytotoxic) agent

Nitric Oxide (NO)

Vasodilation
Antagonism of
platelet activation

Neuropeptides

Secreted by nerve
fibers

Initiate
inflammatory
response




Take home message

1. Chemical mediators of inflammation are substances
produced during inflammation inducing a specific events
in acute inflammation including vasodilation, increased
vascular permeability, chemotaxis, leukocyte recruitment
and activation, opsonization, fever, pain and tissue
damage.

1. There are different patterns of inflammation such are
serous inflammation, suppurative inflammation, fistula
formation , etc...
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KEYWORDS

Suppurative or Purulent

inflammation

Characterized by the production of large amounts of pus (z!_~ ) or purulent
exudate consisting of neutrophils, necrotic cells, and edema fluid caused by
pyogenic (pus-producing) bacteria.

Abscesses

A localized collections of purulent* inflammatory tissue caused by
suppuration buried in a tissue, an organ, or a confined space

Ulcer inflammation

An ulcer is a local defect of the surface of an organ or tissue that is
produced by the Sloughing* (shedding) of Inflammatory necrotic tissue.

arachidonic-acid metabolites signaling molecules that play a unique role in innate

eicosanoids
immune responses
Chemotaxis the directed movement of cells with the direction and guidance of Chemoattractants
Cytokines are signaling proteins that help control inflammation in your body.
Endothelium a thin membrane that lines the inside of the heart and blood vessels.
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1- Which one of the following is NOT a cell-derived chemical

mediator?

A)PAF B)Kinins C)Chemokines D)ROS

2- Immunoglobulin responsible for allergic reactions?

A)IgE B)IgA O)IgG D)igM

3— Acute inflammation can be caused by:

A)infarction B)Drugs C)Trauma D)AIl of them

4- What is the source of serotonin?

A)Mast cells B)Platelets C)Lymphocytes D)Epithelial cells

5- Which of the following is cytokines of chronic inflammation ?

A) 11-6 B)IL-2 C)TNF D)INF-y




yis U
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MCQ

6- Which of the following cause Fever?

4-0T V-6 9-82-£9-9

A)bradykinin B)TNF O)IgG D)C3a

7- What is the responsible protein for chemotaxis

A)cY B)c3b C)chA D)Mac

8- fibrinous exudate may be removed by

A)nitric oxide B)fibrinolysis C)hemolysis D)antibiotics

9- An enclosed collection of pus consists of a mixture of neutrophils and

necrotic debris

A)suppurative

abcess

B)Ulcers

C)Catarrhal

inflammation

D)cellulitis

10- if the acute inflammation progresses it could lead to:

A)fibrosis

B)chronic

inflammation

C)resolution

D)pus formation
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