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T Defense Against Infection
"Leukocytes*
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Microorganisms coexist with us and within us (lining surfaces), which
can be beneficial or harmful if they invade deep in tissues or the

circulatory system.
- There are two main ways for leukocytes to defend our body against

:(Phagocytes) «lwalil. 1
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 Phagocytes can recognize, ingest, and destroy invading organisms
e and participate in tissue reactions that “wall off” infection.
e € Other white cells get activated (lymphocytes, chapter 35) to mediate
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T responses that destroy or neutralize specific microorganisms.

The activated lymphocytes can either:
1. release antibodies which are molecules that can bind to the microorganism making —Q

it recognizable to the surrounding tissues or destroy it. RO

.(plasma cells) Loyl Lals Lgaisi ©

2. The cells can directly kill the microorganlsm 2,500 53 e el ol i
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White Blood Cells
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 Circulate in blood and may enter the tissued
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Polymorphonuclear neutrophils TR
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2) Monocytes ( laassll)
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. (Hemostasis)
I » They are considered leukocytes because they share the same cellular origin, -
13055 SloaS s G55 Olmaian &5 but their primary function is hemostasis (blood coagulation). 4
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White Blood Cell Counts
* Total WBC ~ 7,000 / mm3in blood ™ ..o
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(almost 1,000-fold fewer than RBCs) SIS e s s

» WBCs number can increase upon stimulation from different infections
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* Proportions: — - b
- Neutrophils 62% I o
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- Eosinophils 2.3% S
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Lymphocytes 30%
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ST« Platelets ~ 300,000 / mm3

.(Hemostasis)
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’ Genesis of Myelocytes‘ |Genesis of Lymphocytes}

Explanation in the £ \ 1 sLeukopoiesis - Jsaill L 31 § ®
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next slide :
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You are not required to””~

|
memorize the stages, just megakaryocyte f TETETEEETTEEN + ‘L +

2Lymphopoiesis — Lslialll WA 55 (lymphocytes).

. ]
recognize that they pass a3 = >
through different stages until ',f' :ﬁ - (L ""».l Moﬁ!ogyte ,
they become mature Cells- "*“"-!‘4 J \ ¥ -"} geneS]S @ (Genesis of Lymphocytes) pos8l auuil]l
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1. Myeloblast " 4 8 : - 1 1 » :t' :I:yn::r:albllsi; P.rol?/mll):jlc;/‘t;-i Mature Lymphocyte
- neutrophil l!"#_*‘_.‘ '~.1 .:: :;:.:’:f, :. ¢ -lemphocyte; i k,é“Thym.usv .
) s - J ..\ !’. Y B lymphocytes JI _$ Lymph nodes, spleen, bone marrow.
mvelocvte \ SR, -:.t.,.:g," ( * Blymphocytes Jl 5 Lymph nodes, spleen,
yeloty eosinpphil  baspphil a |
Al
: 5 myelgcyte -
Young neutrophl ey myglocyte Mainly in
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__ Genesis of white blood cells (WBCs)

Lpawsl Banl uAuA,Aw (ilially bl cepanll) adl Lola guane
Pluripotent hematopoietic stem cell (aal! U e dall LLAT),
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All blood cells originate from a common stem cell known as the pluripotent hematopoietic
stem cell.

) Myeloid lineage (uusbll! dsiadl):
cLaadl pll LA 0030 Bl LT LSG B

:(granulocytes) duuall Lalall Lgie gise

White blood cells (WBCs) arise mainly from two lineages: =i

*Basophils (=L ls)
.(lusgl) Monocytes elliSse

Promyelocyte) g Jalye 812 a5 «(bone marrow) alaall ¢ s Jals Myeloblasts s Las Lotadl sia JS ¢
° ° .(— Myelocyte = Metamyelocyte — Mature cell
°
Myeloid lineage: (7 i s
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This lineage gives rise to myelocytes, which develop from myeloblasts through
several stages of maturation.

The three types of granulocytes — neutrophils, eosinophils, and basophils — as well as
monocytes, all originate from myeloblasts.

This process occurs primarily in the bone marrow, and once the cells leave the bone
marrow, they no longer divide. &umoammse ey e s i

:(Lymphocytes) &slalll Lytall g *Lymph nodes (&slialll saall) D skl Bl b ey

H H T lymphocytes (A& 4é gax) ) “Thymus (Gusesll 342) sl e3T Tysliall Lo o) abiall ¢ Lo Lo (gin S3ISg sl (7 (S aslialll Lol
Lymphoid lineage: ) Bmhooyin £ Solan U0 ==
*Natural Killer cells (sl 160G Lota) | el £ L 8 e Lalse

This lineage develops mainly in lymphoid tissues such as the lymph nodes, thymus,
spleen, and partly in the bone marrow.

Unlike myeloid cells, lymphoid cells can continue to divide even outside t
marrow.

»»»»»»»
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GeneS|s of White Blood Cells

. Granulocytes and monocytes develop in the bone marrow, and

most remain there as spare until needed peripherally (number in
marrow ~3x blood; 6-day supply)> & <o s s i
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 Lymphocytes develop mostly in the peripheral lymphoid
organs (thymus spleen tonsils, Iymph nodes, Peyer’s patches), less

Jw( ripheral lymphoid organs) duasll &slaalll clae¥l o g, JSuty galiy 53S0
(.)-omlb

.

found in blood \>

1 ik Leblis s oY

Gglialll clae¥l )l8e pull (o8 J3T Tacuiy 2asi®

Megakaryocytes develop and reside in the marrow,

fragment to release platelets

@ 3. Megakaryocytes (giliall 5alsl] Laiall)
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* Granulocytes: P
« Circulating, 4 — 8 hours A
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* In the tissues, 4 — 5 days ool ITnIET e
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(shorter timelines (may be few mins/hrs) with infection, inflammation)

9 1. Granulocytes (aal! Laall)

> .Neutrophils. Eosinophils. Basophils :Jai
il o ol 5a

* Monocytes / Macrophages:—:"" """
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 Circulating, 10 — 20 hours bt s
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 Need 8 hours to mature in tissues oo
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[ ] AS tlssue macrophages, months or Ionger f?Lynjphocytes(hjwwgmw)
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- Lymphocytes: — s B
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 Continuously re-circulate from site of origin : (ﬁ%ﬁfgﬂﬁiﬁz s

Lymph nodes =» blood.. = tissues (diapedesis)
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* Variable: Long-lived... weeks, months, longer (memory cells
stay for years) e

aly saa
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- Platelets: ~ Replaced every ten days~ 30K each day ?
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@ Neutrophils (¥aall)

4@ Macrophages (3.1 & luaaldll)

Lelll 5l oo 23S Bl Lals Sl Sl saetis B35 e Jghene LaadS
.(Innate immunity) ¢ kil

Neutrophils and
Macrophages -

(«.meé)Phg cytes l_‘.a.m(M rophages) = luwaldls (Neutrophils) e¥aall o JS¢

o et
« PMNs and macrophages are considered phagocytes; they perform their - :
function by engulfing and digesting foreign or necrotic particles.  «znewois i \ckoon the plFture
i’;r:;i“;;‘f:ft:fcﬁ e to Watch the video
* Neutrophils are mature cells that can respond |mmedlaﬁ

to infection
 Monocytes mature in the tissues for ~8 hours to become macroph

ages
e --.(monocytes in blood little ability) —

“Monocytes iasli i Sl aull od Sasass LA o, <)
.4aals Macrophages ! Jsail olel 8 (ollsa (o] £ laS ol J255 Losicr
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ol ﬁoth exhibit motility to the infection site: ~wesrwmmmi s o o
° DlapedeSIS & a. Diapedesis (Les¥! ,laa e SY3V):
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Diapedesis - Medical Animation by Arc Solutions - YouTube
« Ameboid motion like amoeba, false Iegg

# b. Ameboid motion (Lusei i,a):

LY gise sai Lo e Leais (false legs) "LilS ol st slialy «Luad | fio d o

« Chemotaxis (Chemoattractants: bacterial or tissue degradation products

complement fragments, other chemical mediators) that act to attract the PMNs
or macrophages to the site of infection.

0 c. Chemotaxis (sibasIl liai¥l): -~
ChemOBHTACANTS ans ZLas slga 5,8 LI dacul1 i LSSl e aslill alglle ~ ooés sl
sl O o] Slaalidls ¥ adl Lind slsll siae *PMNs (Polymorphon
LSl e alse 5T Complement system (ys sl Lglie] et

PMN: polymorphonuclear aka neutrophils

cells) J a7 awul s Neutrophils  asadl Saasis Lls G
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https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw
https://www.youtube.com/watch?v=R8VzquHdwZw

zam === Neutrophil Margination & Migration

<% Neutrophil Margination & Migration (s ya¢lls sieegdl)

Diapedesis

Increased
permeability

o Chemotactic
Margination substance

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

Margination ( iagll)
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4 Buailig Sanll clegll Hlan gai odyaills (Neutrophils oY aall Lals) slandl aall LA gac 13
DG e WA et T Margination e sshall siae

The source of infection
releases chemoattractants to
recruit PMNs and
macrophages. Signaling
occurs between WBC plasma
membrane proteins and
endothelial cells, leading to
migration (diapedesis) of
these cells. Ameboid
movement helps them reach
the site.

Margination is the process by
which WBCs adhere to the
endothelial wall. Increased
vascular permeability allows
them to extravasate into the
tissue.

Adhesion & Diapedesis (3Lai¥!
asslly)
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(endothelial cells) Lulkadl Lolall cLad!
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Chemotaxis (sibasI! wlisiy)
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:Jie (Chemoattractants) ils “ilias
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(complement fragments)
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(Chemotaxis source)

& Ameboid Movement
(Ea¥1 8] iam
i) Lol iyl LI
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(false legs) mawaill Jals
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3 Llaall o83 — (Phagocytosis) Laslil dulac T i day il sda
(macrophages oluasklls c¥asll Lagad) cLawll sl WA Lposains

T Phagocytosis

[
(Phagocytosis) Lasld! ;a5 .1
LS slall allall f &l Loladl f LSl Jie Gyl clavaall (ingestion) £36) Glae oae

Lala alai alasil duaald] LA JAls Leasia o5 Ledlil sae

-K“Phagocytosis” is the ingestion of particles

el Loladl daulyy 2
(host tissues) Ll aeuall Lol e Ly (foreign particles) Zu il alua¥! gle (e of wayt

) ﬁuhwéhagcwﬁtes must distinguish foreign particles from
host tissues

SLaall lie
i m,um_\z_bu_.s)
/2 aalldl Siss 3l pailiadl!

b ) . Appropriate phagocytic targets (foreign particles):

(osest oty "2
« May have rough surfaces === veision

Lack of protective prot ) silsll gy ) olaill L2
:(Immunologic marking) e Lll auusll.3

» Lack protective protein coatsbu&mm)@uwwWme&“w&M»'%a oge ek s

 May be immunologically marked for phagocytosis by
antibodies or complement components after activation like C3D

that are recognized by receptors on the phagocytes ---~
Lebiais 12y C3 Jis (Complement components) asill olis<e o

e (Receptors) Lala caliine JSa o Leale iyl s clodlall s dae

N . this immunologic marking is called v
e R “opsonlzatlon . (s Opmenan s
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Phagocytosis
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bl 5T Lusall alaa¥l saasly $31 sle — (Macrophages) 5,801 obasldls (Neutrophils) e¥asll g1 — (Phagocytes) uasld! Lolall 5.8 £, dag yill sia
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<% 1. Neutrophils (c¥uall):
agocytosis iz
o IS o b L5 20 1 B e O] LS
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* Neutrophils: can ingest 3-20 bacteria

@ 2. Macrophages (5,281 laald):
/‘M-ﬂum&’ | e €533 3l Monocytes e Lasiie

 Macrophages: After being activated in the == oo
tissues, are extremely effective phagocytes
(up to ~100 bacteria) @ 3. Macrophages Ll o 57 Glual glis :Macrophages 9 Neutrophils o 8,08l rasll (3 @4l .4

B
 Macrophages can ingest larger particles...
« Damaged RBCs

« Malarial parasites

:Macrophages Il iala 850 .5
@l (extrude digestion products) ausgll @ils &L LeSas cmpall pruall aidgs o sas

Z/' fﬁ.ﬁﬁﬁ&éﬁ?ﬁphns,&y-
 Macrophages can extrude digestion products
and survive and function for many months

unlike neutrophiles that have short life span.
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@ Phagolysosome (ascuseuilsa lill)
el olani¥l + !l ppeall sle @siat Sapan Lass o5

] ﬁ ¥ Phagolysosome = Phagosome + Lysosome
* In both neutrophils and macrophages, ===
phagosomes fuse with lysosomes and other
granules to form phagolysosomes (digestive

vesicles) :
> %zlyfﬁmj,ﬁjiuz Li::;fm o gis
* These contain proteolytic enzymes, and in oo

el laall old o AV Ll ¢ 1T pangs ©

macrophages, lipases (important in killing .
tuberculosis bacillus and some other bacteria df@“fﬁ&):é,g
that have lipid coats) |
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Bactericidal Agents
- Bacteria may be killed even if they are not
digested-..... e

(Reactive Oxygen Species — ROS) Lsi 515 LilaasS slso taluasy Leid oSos ¢ LSl i ol ol (g i'f)f:&”aﬁm's‘“‘sﬁl' Slstl aai .2 ] ) .
(S apreaSall o T g L] (o3) Luoald] T2l Jals gl LAl Jals s ole i @lss o0 Reactive Oxygen Species (ROS) (e alsll sia

 Enzymes in the phagosome or in
peroxisomes generate strongly bactericidal
reactive oxygen species...
« Superoxide (0.’ i i
* Hydrogen peroxide (H,0,) s
* Hydroxyl ions (OH")

sl

]
Myeloperoxidase :a¢e a3l .3

. 3
« The enzyme Myeloperoxidase catalyzes “-:7czz.

(us25S54d! Gana) HOCH ] 'HoO; + Cl gt 54 0,590

H202+ 2 CI' mmp 2 Ht + 2 CIO'

» Hydrogen peroxide combines with chloride (via myeloperoxidase) to form
it ey . hypochlorous acid (HOCI), a highly reactive antimicrobial compound.

Jals asd oMlelill sdar <
31 (el e Ll & Luaall) Peroxisomes
.Phagosomes Jals

sttt * These compound are made in the peroxisomes

s Of i s By g Sl 85 45k




(Reticuloendothelial System) gilhl oSuill jlea e Saadi day il sin
.(Monocyte-Macrophage System) o buasldl-lasasll Sl puly LT iyt [
Sgalball sSaall 5leadl 50 Lo

el e Lialls Geill g Fim o oL 5
M@A}Q\q)ﬁml( 1IS) Laaald! OIS oo 30 58

......... 1he Reticuloendothelial System Do I

0CYtes (Baumsll LIS pll o 555 o1,
e el omoat ok e e e i ol oy i s
A 5 5 e 5 “The monocyte-macrophage system” |

oYl gdse gas ol Ay (break away) Juadii o LiSa o5 Sl Juaa 153] oS0
Anlall e "Sane 1 TS s Ko M

e After entering the tissues, macrophages
become fixed and may be resident for years

* When appropriately stimulated they can break
away and move to sites of inflammation e

-------
~Macrop 1.u|.n” i

* Circulating monocytes, mobile macrophages, == ..

fixed tissue macrophages, and some e S
specialized endothelial cells form the 1

reticuloendothelial system almost all derive
from monocytes, comprising a phagocytic___
system located in all tissues

Wi
sl Jg3o aic macrophages | Js>s poll b )95
Fixed macrophages (.55
Mobile macrophages
sl @lailly deliall e sl




bl e gudall 138 Dlan (o8 Lals Lty d £33 JS pundl o Baans (S (o8 uags macrophages ;e ¢ lsif o4 — (Specialized macrophages) tawaill slaalidl e st day il sia

Specialized macrophages

o

Lolall 5540

a1 I (microorganisms) dasall SIS Jsaa oo dialand pundl el auaa (o 8,455 macrophages JI
f GlSe 58 T & Lis LS Jasy MaCrophages o s £5 ole (§sias muad JS

Macrophages are widely distributed to prevent microorganisms from entering the blood.

-Skin: Microorganisms are intercepted by histiocgtes (Langerhans cells), resident

1(Skin) aladl &‘4 1

macrophages that prevent their spread.”umsmwscs oo s o

LAL“.MIQ_.M ,un‘,,,mdu,; 5 sl ol g Sl LBl Lokl siae
1 ) aladl 35885 0 b g Skl s £ Ll syl ©)

‘Lymph nodes: Any organism in the tissues is captured by lymph nodes, where

macrophages filter and destroy it.” g

Lajuaiis olig,Sall (filter) Ldaaiy s3all Jals macrophages s ellia
em@m,;@%ubglm_hulm Wbl §)

-Alveoli: Pathogens and particles like silica are blocked by alveolar macrophages,

. . dw I 53 (Alveoli) Lolsell cobasall 563
preventing entry into the bloodstream.: i momes =
Sl Ui e Lenias El1 (o] o 31 (ISoouad | Jie) Sl 51 w80l LG Lidlge
byl S o geandiill 3lgadl lan il )

‘Liver: Microorganisms from the Gl tract reach the liver via the portal circulation and

encounter Kupffer cells before entering the DLOOd. B s st s
b s e e g

s 51 LS 6T o sla¥ ] e polil] ] Ll el )
‘Blood: If pathogens enter the circulation, the spleen and resident macrophages in the
bone marrow act to eliminate them/wo...s

(bone marrow) akall ¢ 53 & macrophages; (spleen) Jlakl! asts caull (] clbog Sl eleag 5]

Lanediy lple yailly
goall 855001 Gl U iS00 5T o 8yl pll Lk kgl @)




£ US Bt ae cprandl e dilins (SLeT o (Specialized macrophages) Lawaaill macrophages J1 ¢ 11 £ ay @bl l 8,530 oS5 dag yll o da

= - i a5 15 s i Pl o macrophages = 4_\
Specialized Macrophages ===z 5y
"

@ 1. Skin (alal))
B : /
2) (821 4 Langerhans Wa sl Ll y5) Histiocytes e pals €55 ans® /
[/

* Skin, subcutaneous (histiocytes):==mmliii e [

@ 2. Lymph nodes (&;slialll siall)

Ayglialll saall Jals macrophages sagie
Lymph nodes i, ..

[
ol sl sesn U L Sl e il 255 gl ) o e bl anbyll
L] - -
[ ] I t / I rt I th h al=Jl - Histiocytes / Langerhans dumdnud] Olg)Syall b
ngest/ sampie particies arrivin rou ’
dyglaoll wa=)l  Lymph node macrophages
e ym p @ 3. Alveolar macrophages (i,)1 o Zaiud! olaaldl) )
.(alveoli) Lilsgll cobassall Jals angie sl Alveolar macrophages
e il ol T olasall (entrap) slaial si (digest) asa o asiie 580 Kupffercslls
silica) Kaluall wluyae
[

Alveolar macrophages =iz TIPS
- Digest or entrap inhaled particles and

gﬁcrl?_organisms like silica, tuberculosis
acilli.

@ 4. Kupffer cells (a<I1 Lola) P
(SINUSOIdS) 311 (5 Lgaadl ugaadl lan ol g |

Ve
Ku pffe r ce I IS .(portal circulation) bl wysll yie claa¥ e aaldll asll Sly3e ‘\,.‘1‘
) “.

Aolall Lgoall 8,50 Lelsis S onnigll Slaall pn Laslall los Sl o pall e ackegll )

. L_ininlc_| sinusoids, Surveillance of the portal
circulation.

Macrophages in the spleen and bone \
marrow @ 5. Macrophages in spleen and bone marrow (JlsLl! \

pladl g L)

- . ‘ " MO,

- Surveillance of the general circulation -0 NO I
93'@”)':1"33». 55Sen T yuaiy pall L pe 5T \J\\\;\J:{g\(} e @Z\Q;| 18
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dglalll adall Loladl diilagll 1

(Meshwork filter) gaub jili oo Zglialll asall

A1 e aalall (lymph) sliall Sl LA e S

el LLEIL 458 (Macrophages) Luasly LA aas’ Lelala

e

Sleaguille

[RTIRE-RUITENTY

-(blood circulation) &ssall 855401 (I Jgeasl! o LIS 0 32 gin 2ngl! §)

Itis a meshwork
that acts as a filter,
with macrophages
preventing
microorganisms
from entering the
blood circulation.

(]

Bpseall (o il LU 2

1.Afferent lymphatics (5.5,ls!l Lslialll Le Y1)

Saiall Jals ol ol Sally sliayadl Jaall @sliall bl wlas ©
2.Subcapsular sinus (daisll cas cuall)

¥l e dsds s Yol ialll ] Jass g3l 1,1 g2 0

85ild Lulae Tasi 3l lymphocytes s macrophages e sias ©
3.Primary nodule & Germinal center (islialll oLy ,ally siall)

Lslialll T s 5B s gle ($5ia3 3hlio sia ©
(5aball alun¥) £ Ji) e il Dlaiead ] S e Uspans O
4.Medullary cords & sinuses (e sl Ggaadls JLadl)

.plasma cells s macrophages sle @ sia3 Llals 3blis ©
LSl o 535 U pusglly beaill dubae JLSial 3y Lia ©
5.Efferent lymphatics (ia,lall &lialll Les¥l)

Fges¥oia e Saall o € oa cSligsSall o challl (B 5l any ©

6. Hilus (Luligll)
Lgoall dae ¥l oyl Gglialll Lueg¥1 g5 Lilais 54 ©

«(Structure of a Lymph Node) & slialll 3.18all 5 saiad| CuSyall £y dag il sda
ol ol s 57 U8 S Kbl pm 6sliall JSlad! T (o2 Rl | Lpisliys

Structure of a Lymph Node

Afferent lymphatics

Primary

nodule Capsule

sinus

Lymph in
medullary
sinuses

Efferent lymphatics

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

Subcapsular

6

laial el 7.3

.(afferent) su,ls!l Leg¥! oo aalll Jaus

Al Lilae o7 & (SiNUSES) Slaaaldl Lkl Caall (o6 a2

all Usia e Laials Bl S LS alis (Macrophages) lsaldi3
L(efferent) ds, sl e ¥ jue Caalaill Caalll ¢ ,504
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sKupffer cells g L

.(sinusoids) LSl Ggenll lhanatll Hlhas sle sas5 (Macrophages) Leals Loka oa

.reticuloendothelial system 11 ;s 1232 K ine

coangll 3leall a Laalil pganadl 5f Sligy Skl i I Jads ST e lill ol yase

]

sl o Lpie

.(sinusoids) 4sell Lsaall Jalas (hepatocytes) wSIl Lala cps aagie
S yguall o madge oo LSt

(425 Wla) hepatocytes = 4yl Loall ©

(LIl &lyaaadl) sinusoids = «15,301 clalull ©

Kupffer cells = isaall Jals Laaudid Lalall o

:Kupffer cells iy ¢

celao8l o polal] podl dxiis .1

sl e sy auisgll Slazdl oo pall S -
VI P

1pgouw 1SS (1 bals Kupffer bis -
S padl oy o i diao po OIS o
e
:(Phagocytosis) daslJl .2
shrosdl podl LS 58,65 LM =l -
Al
O dupsdl olgadly LM bl Lj5 -
el
:(Immune defense) deliall .3
buiis (cytokines) OliuS giuaw jyai -
6331 daeliall LIS
dacliadl dyloniwd] oudais B 1590 casli «
RS/
rgasdl jgad dole] P dS)linal] 4
1dagadll elpasdl podl LM gl Loaic -

iy pmolesasell (o waasdl Z s
Lol oSl

«(Liver Sinusoids) +SUl &geall Cigaall 03 8agagll (Kupffer Cells) ,aisS Wia £, 8 puall oda
selaa¥l e aslall a ) 45 (o8 [N a0 23 s 3l (specialized macrophages) Laadill clisaldl e £ 55 o8y

Kupffer Cells in the Liver Sinusoids

/ﬁ P T

/
\\/ Kupffer cells

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition

Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

]

1S (03 Laggag Loaal

s (el sull ) clas¥l pn palall aall ¥
plabll o by See ©

paa @ilsd sl agans ©

AT e Ugheall oa 5ias Lolag colsl "slinms® S 01 Jany ollile

e Lol @

Kupffer cells
(sinusoids) &uusJl gl phaz B
Monocytes LM (o
ol iis dagadll el yasdl pdl GLS a0 1Sl dosly

dolall dygonll )93l | OlgySuall Joo giad




18 1 I dousgall OO, R
«(Structure of the Spleen) Jlakll uS5 T 5 5all sia 8)9.0)] B 50l OligSal
1. Artery (oLridl):

I 2] Loy s Sall e ol TS (b ey 33 s pennd | (b e 1 LAY ] ] n g
§tructu re of the Spleen MR
a6 L3S of Olg,Sue Blislg relang elpa po b3 Lle goizu poll 1o -

. Capillaries (&0l Ol

Jlalall Lalall Ziglagll ! 1 Olpmidl o dSais | Jlsball Jlo oLyl ¢ yan -
dgelio Lis e goiod Gl Ololusadl I padl sy xSl 0 o«
. Pulp ():

S5 (b Tugliall Sl uy JUskall
ol R a5 e echalll S oy Yy oK)
! o T il iyl ly AR 5T Lapail landl all L clys Sl A1) 2ingd! §)

4

Resembles the
structure of lymph
nodes: the red pulp
and venous sinuses
contain
macrophages that
line them to
capture
microorganisms.

1l o uess S| Jlxball i+

+ Red pulp (o3I g,ill): ule si> macrophages poll Ls- dosly lgidubse
AWl gf dayodll elyasl.

- White pulp (uas8l cll): dglaa) LS e iy (B 9 T) Bloxiasd] o Hsgane
dyeliall,

. Venous sinuses (&8l Leal):
.macrophages Ly e poll Glied dzwly OLELS (o -
Ul 950 i dugyell Ooliyjod] of LSl blanll LSl o pods -
. Vein (a)gl):

PUIp Il agjsll e Jobll o 2 ilsid] oo pall LA of as -

Capillaries

Venous sinuses

sy oM @

il dadsgll

Ve I n Red pulp dogadll LMJI e pall d4sid macrophages Gle sgise

Artery

White pulp dyelio Gloviwl ZU5Y (T 9 B) daclio LMS Lle sgisw

Venous sinuses iy pall Lgy yoy Olgid

Artery > Vein Jbdl o padl Z29)39 Js30 Hlue

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved. 21




" Neutrophils, Macrophages & Inflammation

Y1 T S 31 Slbaadly Ja Ll g8 Ly

ol sa Lo
ssie 51 bl 1 0 puuall e sanb Jad 35 &uas (cascade of events) &laa¥l e dbis sa GLAY!

el Sae
asacs 51 L) vl | saadie

“='Inflammation is a cascade of events driven by chemical
mediators and characterized by heat, redness, swelling, and pain)
oy losle sl LY 52l 4

. ) . . 1 L Heat (5,/,al1)
e \,,L?JY (F’hysmlogf:ally) Linslsaiad Redness (;l,saY))
1.Vasodilatation (&seall des¥! guusi): . i
Swelling (a,s)
ool ] G (o geag Gsa] Les¥le Pain (241
Slraa¥ls Bhall comn = Leall adll 335 a5y Iiae
2.Increased capillary permeability (el L35 8aly3):

* Physiologically, it involves..,
» Vasodilatation and increased blood flowﬁ
* Increased capillary permeability increasing the swelling

>:S.Coagulation of interstitial fluids (Lyladl ¢y S5l | Llal):

il ISl de ¥l lpaas
(SWeling) pysil cosmas = e ) e il sl lseal] 55 g

S i cormi Ui 1o (ri0Go) il i s L

- Coagulation of interstitial fluids' "=,
7) <L, Ll e Ledial (ssuall aise Jsa (gel) Sl St

» Coagulation of interstitial fluid occurs when fibrinogen leaks from blood into the
interstitial space, forming a gel that walls off the infection and helps prevent its spread.

/‘ 4.Accumulation of granulocytes and monocytes (sLaull aull Ll aea):
LlaYl Hl<e (Il (macrophages) o leald! o5 i (neutrophils) &Y uall exsiie

I (oUalls LSSl Ll sia i

>
« Accumulation of granulocytes and monocytes
] L] AS.SW lling of tissue cells (s Lol ¢ Lil):
« Swelling of tissue cells

 Mediators: histamine, bradykinin, serotonin, prostaglandins
complement products, clotting components, lymphokines -

:0lgi3l (e Aggumall (Mediators) dsilossIl basluwgll

/5




sl L] ag ol oland QLY s J3e 51 "WaliNG OFf* asgida €5 Ty il 5 a

2"Walling Off* & sp.nill Lo

“Walllng Off” Sites of Inflammation ==& smer -

(w alling Off) Jyall Soms i<
Aleall ¥ (I Gsasd| Leg¥l e (Fb 0gen) cpasieadll Chedy olgl¥ LS
sl gise Isa (Aals) 3555 550 (Fib )uumu-‘ Orasioudll Jsaie

bl g lag Jals Jilsedl y55e ore IS (Mediators) g ,a¥ 1 LYl kil go 855801 s3a
Lol \MY\@Jﬁ_,MJI}TQ)M\Jmlé;&ﬁﬁ.abmmﬁkh;\;ﬂ:@d\a

Fibrinogen clots and other mediators minimize
fluid flow in and out of the inflamed area :-..

Staphylococci (Lsiiall oly<L):
s L.’-)i [APTR
(b 8) £ ha Jals (walled Off) Llladys de e Lebias arunll asiy QLY 800 Cant
laa ,ALQJSJ LlSa b Bagans (gsaall 65 ellie
A Lo Lls s (tOXiIC) Lo ST ot

« Staphylococci cause intense inflammation Belngﬁ
more toxic are effectively “walled off”

2. Streptococei (easdl ol
ML@J):_G.L.M ,»._4 il Gl e
bl o 55 ks (Septicemia) Gle Uuauss s pally Tovasl | (o Sul5 5 oSy ll e

. Streptococc: induce less intense inflammation
and may be more likely to spread than
staphylococci, and cause death

iy pand | oMl @

doledl  olat¥l suis

Staphylococci

Streptococci




Iﬂ mmatiol )tulq.-l‘l LlaaiwYl o3 (Neutrophilsy Macrophages) due Lill L g0 s dag il s 3

Neutrophils and Macrophages in==._... .. .
Inflammation ! s

:(First line of defense) ¢ Lull s Js¥1 Lall

[ ] L] L (
- Tissue macrophages that encounter foreign particles =z
Tasig aaadl o8 S5 (GBI g o1 LSSs Jie) G pé posa Js20 32 ©

enlarge and become mobile to provide a first line of =720

(3B a) 15 ol Sl alisy aalei ©

defense (min) o Gt

[
+(Sec dI of defense) ¢ Ll e gilill sl

« Within an hour neutrophils migrate to the area in D SIS

i Ll 5 [,mj)u(m rophages) wlsig SUI o

response to inflammatory cytokines (TNF, IL-1) released =~

TNF(T Necrosis Factor)
from the macrophages. SSSSS
ol O (o] dbad il Lo RIS o3l 40Y) (Neutrophils) &M:}aﬂ‘oﬂ&blﬁjwﬁ Slleino

-
2 nd I I n e of d efe n Se 1.Upregulation of adhesion molecules: Ll adise sai deyun JpaTi pull (o8
sz L 1as (endothelial cells) & seall due S Libull Lotalle Y

“Selectins 5938l s sad LIl Gliasl) chemotaxis auwls sl 1ia (D

*ICAM-1
A 3 o T A sl ¥ iy il bl na olshl 03 >

» Upregulated selectins and ICAM-1 on endothelial
cells

2.Binding:

_Selectins s ICAM-1 g L5 INtegring e Gk = lisis s eliss cabis sl 3.Diapedesis (jsall):

(elesll 5lan 3-a30ll) Margination sl w,a; 3LaiYl lias Dleall Tl (J) Jauis Lsenll Leg¥ ! Hlan jual o5y yiille
4.Chemotaxis:

» Bind to integrins on neutrophils, leading to “5&t v v s s v

i . : . / Lol Loyl 21 L 51 LS4 ) Ja:)” gl
margination, followed by diapedesis, and° chemotaxis -
directing neutrophils into the inflamed tissues, to Kill SN

bacteria and scavenge s

(G siag Soe 100 liue i) om i L@w s s kel il B cellile

+ blood vessels are always locafed within <50 pm from tissues, and
chemotaxis is effective up to ~100 pm.




@ SLalY ] §I<e (I aull e (Neutrophils) Jads il Lola JEis (8K 750 dag il sia

o Llae gy — Lo

() Neutrophil Migration to an Inflamed Site (GLY! gise o] &Y aall 55a2)

“ Neutrophil Migration to an
Inflamed Site

(

O

\

O

O

O

@

O

"1

O

J

Rolling Adhesion

? receptors

Tight Binding
/Neutrophﬂ

Diapedesis

ICAM-1

selectin

Migration

Inflamed Tissue

cytoklnes

Hall: Guyton and Hall Textbook of Medi(

Selectins dygoadl duco¥l LM Ll

ICAM-1 Ggoull dgegdl LS Lle

Integrins

Jadgyinil] aboaw e

Cytokines (TNF, IL-1) ZLo,Slall (o 385

ol
Rolling adhesion
Tight binding
Diapedesis

Migration

Cdsall Glaiddl Lle OMudgyiuill aclus
(Rolling)

(Tight Binding) sa&)l Lol Lle aclis

abosiaill G ICAM-1 1 baiys

Selectinsg ICAM e yisi duco¥l LV biis

clegll lac 8oy iy Judorill

o8l ) pamy Jadoriadll

JUall Tang seasll ol 525 oy Jado il

LY il

cbeaallly Lliall LTI e (R8LaS l5) CytoKines auall 5 coledll Susy Lo
wobiall gl (1l e Jads 5l LS apn € Lonad aaioss Lelasis Lgall Tues¥1 €5 alshl s a

Byl Lyl lshandl
1. Rolling Adhesion (i aally cdshl SLailyl):

] gome (o el 2ladgialle
.Selecting lpaw! Eay olisya lehl 1a5 sl e S (Endothelial cells) wslad! Latadls

elegll Jlan ple " a5 Tl Abpnd cobiions e Ly Bie Seaily Jodslle
Gy 35 Benily sia Sy il e Juli gl @

In response to increased

N

2. Tight Binding (il LLs,Y):
Jis Cytokines 15! i

oLl g8ge 3 IL-1 s TNF

Jaad SlSeidl siae

ol AT i e il Bl Lpkall
ICAM-1

Sl dllia Jadg il

&e 858 ki Integrins Lgaw! Labany
ICAM-1

s ole 35y el Jads il Aaiill @
Aseall LYl

cytokines, ICAM-1 and selectins

(adhesive molecules) are

upregulated at the infection site.
They bind to complementary

proteins on neutrophils,

allowing neutrophils to squeeze
between endothelial cells and

enter the tissues.

3. Diapedesis (Lol i saall):
.(Endothelial cells) LGladl Lo op 5l cdbads il 1as (58l LY anse
.Extravasation si Diapedesis saws Glasll s ia®

Al G o) Gsadll slegll jlan e LAl yaie
LN e ] Gl iy Uyl il @

T 4. Migration (5a4ll):

.(Chemotaxis) 4Ll slsll juims sladly cdbuds il el i manadl| Llsas aage

okl s gsaall 5l e 35 (Chemotactic factors) slsll s.iae
bl I T Ll s ] B bl s o oSl 1 10 0 by il

Integrins on neutrophiles

ICAMS and selectins on
endothelium

25



el LY BT aall (o sl Lo e 8 8,001 50301 (gt (s 5ll) Neutrophilia e &ss G wall sda

‘ Neutrophilia

chagale JSi aull o8 (Neutrophils) Jads il Laa sse Led sl Uls oa
Baladl 4,01 gpanll 51 SLLEAYT 1 uall Te s BlaiulS

* With intense inflammation neutrophil
count can increase dramatically... ]
-

4,000-5,000 == 15,000-25,000

Habads il Eigan e

n LileasS slye 3153 (Macrophages) olalis SU asis «oledll Syan sier
Cytokines Jis:

“TNF (Tumor Necrosis Factor)

~Z) L (nterleukins)
AL 3ldg il e 1S Tse 3l (Bone marrow) absall ¢ i o] L) Jusss olskl sda <7

* Results from mobilization of mature
neutrophils from the bone marrow
by inflammatory mediators (TNF &
IL)

RN all

s pall o e3lds ll e Rl Ulall e

.mm?3/ L.l 5,000 - 4,000

S i 07 oSy saall sl QLA Ula ode

ST 4i mm3/ &la 25,000 - 15,000

Sl B3 LY ey aay 0he 4 () B Hliay why saall T T T

3-4x 3\
shortly after the beginning of
inflammation

7

Slaial dleadl Wi

AL 5 TNF 5,8 olali SU = ay GLely

ol o) Al 5k siill 3Ue] (le alaall £ L 553 ulsll 502
S(ole b ) ey il (o 3keds il 50e3

sl o Jaliilly LSl et (g gaall ise o AL LOAT sue 50L3 ibaglld

s o> @

el (Gep5) oMb sl one ol

w=ub 4,000 - 5,000 / mm?® Olgill azgs ¥

58 wleill 15,000 — 25,000 / mm? OlalogyStall o IL s TNF 31,81
bl 55 jay
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Secondary Macrophage Invasion (e &aals dag yall sia
il gige ] (Macrophages) oluwald! Jsaal Ll dall i
by il Zasill S lalin SUT sas el £ Ll Ll 0 ST 11 Ly iy gt Rel¥ls il
Llatea¥ | oo Lalilly I ALl 550 aas

Secondary Macrophage Invasion ...

Jsai gall (monocytes) ;EL._‘,;,U 299 il

Je<il (macrophages) lalis Sk ol Gay
il ¢ Gl lae

* The third line (migration of monocytes) called so because of the
slow progression and maturation of these cells.
b) m,ml el Jyai calisisll oI

* In response to chemoattractants, -
monocytes gradually accumulate m?’ilm;‘;”:’“ -

8 llsa culusisll ¢ meu.]lq.ba.lm

(enlisisll Gia) Tlazad ! Ll (@)
( j h emoal racansMuLmS lsa LT 5585 Ol ey ange
Al e (Monocytes) culusishl wia ole Jass slsll siae

(slowly) and become macrophages =~~~ -
(after ~ 8 hours mature) ;;;-—’l“‘ﬁ»“i’}};m?;w
=0 e
* In part due to increased bone marrow
production (store is low), macrophages : mzsz!ﬁi ”
= . After a few weeks,
become the dominant inflammatory cell | = o rophages)
over several weeks, cleaning up dominate the inflammation

remaining bacteria, necrotic tissue, and |becausetheyarethe most

effective cells for clearing

directing tissue remodeling. Third line of |4 cieaning the inflamed

:(Th of defense) ¢ Liall oo & ulu °
defense it sites.
-(ukﬂ;}éﬂ'd-‘n o) LIV ey (o 8538 any Bamg wlalig SUT Jsaae
LSl (sl cLadll asy Gl Hyn—hlu Dol e Usseus a5




BIRTPWRY

(~—~‘-901 BL-‘M ol »5 )WL-—J ek ﬂuJS):)“-““
one Marrow Responses =it
(Fourth lin fdf s6) ¢ il w&;uwﬂw

* Bone marrouw is stimulated by chemical mediators such as IL-1,
CSF, and TNF. it

e b e 5D e LI LI 5 s 5T el oy Loic®

/IL1(I Ik1)

 Growth factors produced in response to i

( u,x )Lu_).ml JM) Sann el po LoUa £ LY o3y pliall ¢ L ) i olsll sda

infection and inflammation drive prollferatlon
and differentiation of leukocyte precursors in the
marrow

Sl 145 e

Spiadll e ol 4 1) B e

adll @l 3was (Mmature cells) asl el WA g LAL abiall & L oy
ol 4 las o oLl

* First mature cells released after 3 — 4 days after
stimulation of the BM.

sl
(ol lis SUg 3l 5ol Lumls) Loe Liall LA 03] L3 aliall ¢ L5 gl

7 s
 The bone marrow can increase productlon of
granulocytes and monocytes by 20 — 50- fold and

maintain this for months or years

Fourth line of defense _



AR

pll L3la e S e (oI o £ iy ol my Loic
(sl Byl (clalis SULs i Al Lols) cLagdl
LAl 63 e 31 E LY pliall ¢ L Skl i celld)

« Two ways to stimulate bone marrow:

1. Thisillustrates the
feedback between
activated macrophages at
the infection site and the
bone marrow. Cytokines
such as TNF, IL-1, GM-CSF,
G-CSF, and M-CSF are
released into the blood to
stimulate the bone marrow
to produce more
granulocytes and
monocytes.

iy

(Bone m:

N

) sl £155 ) s pall )
1 Js=xis 1) Monocy '
(Olig)Slo

9:5lall bty Qlgtl¥l o o
o) a5 Ll 03 - Bagaz LS 2k ¢ 55
o ]

Activated macs are also important in'acqutred
immunity to activated other lymphocytes

Bone Marrow Response to Inflamm

INFLAMMATION

(ALY lunall) dlll ddypball

sdie Ol gySlall ue )T LA baydais Uyl lgiSay (IL-1 9 TNF) lgwds olgall
« Endothelial cells (dg00J] ducg¥l LMs)
« Fibroblasts (4 LysJl)

« Lymphocytes (dglaalll L)1)

(GM-CSF, G-CSF, M-CSF) olgall uis i Lnygs Ll odm
cliall LM ZU] supis pasll 155 Ll camdd I

L Y
250 13 BLis ,i5Y g3¥ OlagSlall oo Ol)Layl oie) eaHly 59331 jouasll &
ol

Activated
macrophage

TNF
IL-1
GM-CSF
G-CSF

(] lall) o3l &bl

1ages) ClgySlall bt olgdl Gax wie

Bone marrow

5 ksl Jis) Granulocytes z(53 ojuini; pois @)

Hall: Guyton and Hall Textbook of Medical Physiclods
Copyright @ 2011 by Saunders, an imprint of Elsevij

C
TAIE 2. TNF and IL-1 may
IL-1 also activate other
} cells—such as
endothelial cells,

fibroblasts, and

Endothelial cells,
fibroblasts,
lymphocytes

lymphocytes—to
"’ produce these
GM-CSF .
G-CSF cytokines, but the
M-CSF contribution from

activated
macrophages is
more significant.

o aS olael Zll Tay abiall gl
(Granulocytes) C¥udgisil -

(Monocytes/Macrophages) Gl>s,Sle > Culwgisall «

9aall aus 5l ylyatandly dgclial] dlaiudl dssax)
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u
Formation of Pus o
(& Neutrophils &,all aa; el aals o Jst L — Gisa
[E) Macrophages il +Li Loyl sl wlabis SUT any — s,
sllat 6T s (@31 aesall WA 50 232 — (Necrotic tissue) e dausl (1)
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* Pus is composed of dead bacteria and ... e
neutrophils, many dead macrophages, necrotic
tissue that has been degraded by proteases, and
tissue fluid, often in a cavity formed at the

inflammatory site -
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* Over days and weeks it is absorbed into the "=t ..,
surrounding tissue and lymph and disappears
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o Eosinophils (c:sbisisdl)
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- Eosinophils are weak phagocyté§ the)>
have granules and exhibit chemotaxis
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- Particularly important in defense against parasites,
Ex: schistosomiases and trichinosis
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« Can adhere to parasites and release substances that ;o wee
kill them (hydrolases, reactive oxygen species, major
basic protein(larvacidal). P
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» Also accumulate in tissues affected by allergies;” = it
perhaps in response to eosinophil chemotactic factor
from basophils (eosinophils may detoxify some

products of basophils)
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Histamine
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» Similar to mast cells adjacent to S T
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Capillaries, both cell types release heparlng e o
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« Basophils and mast cells both release histamine,
bradykinin, and serotonin which are involved In

aggravating the inflammatory reaction.
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 When IgE bound to receptors on their surfaces is
cross-linked by its specific antigen, mast cells
and basophils degranulate, releasing... w;w

- histamine, bradykinin, serotonin, heparin, _:.......c.o...

J
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s /eukotrienes, and several lysosomal enzymes ...
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Physiology Quiz 5

To remember :
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https://docs.google.com/forms/d/e/1FAIpQLSejChXWboxiKvIr--UuemhmdomC5lju6eRivupm12wYHZHdDQ/viewform

For any feedback, scan the code or click on it.
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