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H\rigiooey Objectives:

At the end of this lecture student should be able to:

1. Describe different Types of WBC.
Recognize the general functions of WBC

2
3. Describe genesis and site of formation of WBC.
4. Describe stages of neutrophil formation

5. Describe the role of neutrophils in defending the body against

infection .

6. Describe the process of phagocytosis.
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(non specific)

Examples:

* Phagocytes

« Complement
* Barriers

(specific, adaptive) 1

Cell mediated
T- lymphocytes

[ — — — — — — — — — — — —

| Note: Macrophages are key components of the innate
l'immunity and activate adaptive immunity by transforming

Humoral
Antibody
mediated

B- lymphocytes
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T T, General information about
ABS WBCs

RBCs are much more than WBCs
“ RBC: 5-6 million /ml\ WBC:5000 ml ¢

Protection against infection :
I. Phagocytosis

2. Secretion of antibodies
WBC =4000- 11000/ ml

WBC( Leucocytes ) formed in:
bone marrow & lymph tissue
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- U

g Y Types of WBCs

; . granular ‘ Agranular
D

T

.\“ Neutrophil &% Eosinophil Basophil { .. Monocytes il
N 627 N 2.3% J 0.4% 5.3% &
10-16um, 12-18um, 10-14um, rarely 15-20um, round nucleus
lobulated 2 lobe segmented nucleus, kidney shape - small (5-8um)
nucleus 2-5, nucleus, nucleus hidden by nucleus
purple coarse red large round bluish - large (9-15um)
cytoplasmic granules granules
granules
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T Types of WBCs
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Granulocytes Lymphocytes Monocytes

Normal state : In the blood :

4-5 days in weeks to 10-20 hours
tissues months

according to : )
During it's type In the tissve :

infection : life span goes
Only few hours up to months

they die after / \

inges’rir)g N they leave blood to
bacteria tissues and transform

into : Macrophage
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PHYSIOLOGY Macrophage and Neutrophil
T 435 Responses During Inflammation

* |st line of defense :
Tissue macrophages & Physical Barriers.

* 2nd line of defense :
Neutrophil Invasion of the inflamed area.

* 3rd line of defense :
Monocytes -macrophage invasion of inflamed area.

" 4th line of defense :
Increased production of granulocytes and Monocytes by
Bone marrow.
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PI\pPHYSIOLOGY

TEA 135

» two major paths to form WBCs :

1. Myelocytic = which produce
granular WBCs , monocytes

2. Lymphocytic = which produce
lymphocytes

» sites of WBC formation:

1. Granulocytes & monocytes =
in bone marrow

2. Lymphocytes = in bone
marrow , thymus , lymphoid
tissues

Contact us : Physiology435@gmail.com



SHYS lOl:-BOSGY White blood cells Neutrophills

(Mature Neutrphils
released to blood)
“Polymorphnuclear
neutrophil ¢
Neutrphils ) Lwdi A

Formed in Bone Marrow

3-Promyelocytes
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(c) Bone marrow consists of blood cells in different stages of development

and supporting tissue known as the stroma (mattress).

Mature blood cells
squeeze through
the endothelium to

reach the circulation. & ..

Platelets /

Fragments of
megakaryocyte
break off to
become platelets.

Reticular cell —

Stem cell

=

The stroma is
composed of
fibroblast-like
reticular cells,
collagenous fibers,
and extracellular

matrix.

— Stem cell
’%7— Reticulocyte
‘ expelling
\ '/ nucleus

— \enous sinus

Macrophage

—— Monocyte

Lymphocyte
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Defense against infection :

Neutrophil has the ability
of engulfing bacteria or
organism by a process

of phyagocytosis.

Neutrophil Function

Steps of Phagocytosis :

Ameoboid movement

Engulfing and killing of a microbe
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Neutrophil Function

oS anall JAly cu e clllia G &S Ladie
‘Neutrophils ) 4 s
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Chemotaxis:

Chemotactic
substances The attraction of the neutrophils
" Bacterial toxin to inflamed area following
- “from bacteria itself” chemotactic substances release
‘ : ) from infected site.
Degenerative products
of inflamed tissue )

Complement system

Reaction product of
plasma clotting

Al AChemotaxis - L& L Jia
Neutrophils J) qias
“infected area release
substances to attract
neutrophils ”’

Adf g A0 ddaiill duuilly
pailly i sl Qg Juany Ladic
A A N gal) 038 g 3 ga kg Sty
Chemotaxis g=ual
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F\PHYSIOLOGY Margination & Diapedesis
TEA 135

394 CHAPTER 12

Margination & Diapedesis : | —

1-WBC marginate along the wall of blood capillaries.

2-WBC squeezes itself through endothelial holes
leaving blood capillaries (Diapedesis).

(WBC move by Amoeboid motion “ moving by pseudopodia 4:ilsll a8y )

3- Towards inflammation area following chemotactic substance released from
site of infection .

4- Upon reaching the site of infection neutrophils start to engulf
infecting organism.
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. e
Phagocytosis &
==

e.g Complement 3 or
antibodies making them ready
for killing a process known as
Foreign substance recognize by: “opsonization “

( Selective process )

I-Rough surface. opsonization is the process

by which a pathogen is
marked for ingestion and
eliminated by a phagocyte.
> uiehwasﬁmégﬁqwuwm\w&@
3-Marked by certain substance. — Al puadl gp Al BIRY A e alad (48
A galddy acall 38 olie

2- No protective protein coat which
prevents phagocytosis.

~

Neutrophils encircled the bacteria with — -
. L - Phagosome :
pseudopodia and engulf it inside into a @8l 413135 Vacuole c& 5 5ke
. Lde Wilay ) JueS9 lysosomes ) L a5 ANl
vacuole ( phagosome ) takes 3-20 bacteria. = p
- Phagocytosis :
- Sy £ Ales -

p 16 Contact us : Physiology435@gmail.com



https://en.wikipedia.org/wiki/Phagocyte

Lysosome

Figure 15.2

Phagocytosis by a neutrophil or macrophage. A phagocytic cell extends its pseudopods around the object to be engulfed (such as a bacterium). (Blue dots
represent lysosomal enzymes.) (1) If the pseudopods fuse to form a complete food vacuole, lysosomal enzymes are restricted to the organelle formed by the
lysosome and food vacuole. (2) If the lysosome fuses with the vacuole before fusion of the pseudopods is complete, lysosomal enzymes are released into

the infected area of tissue.



= ENZYMATIC

Granules :

* Heparin
* Histamine
* Bradykinin

* Serotinin

* Defensins

* Lysosomal enzymes

* Slow reacting substance of anaphylaxis

= NON ENZYMATIC

respiratory burst :

* O2 Free Radicals (O-2, H202, -OH)
* NADPH-oxidase

* Myeloperoxidase

e Cl-— HoCl

* Hypochlorous acid “very toxic”

Epidermis

Capillary
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TEAMASS | Microbial killing

Microbial killing :
Digestion of organism inside the phagosome.

Lysosomes discharge its
such as myeloperoxidase ,catalase into the
vacuole, killing and digesting the engulfed
bacteria.

) Fusion of the phagosome
with a lysosoma to form a

phagolysosome

(©) Oigestion of ingosted
microbo by enzymes

(D) Formation of esidual body
contaning Indigestble
matoril

Release of such as superoxide ,
hydrogen peroxide to kill the bacteria

bactericidal: a substance that kills bacteria.

Contact us : Physiology435@gmail.com



Mind Map

Types of WBC

b. Eosinophil 2.3%

c.Basophil 0.4%

10-14um, rarely segmented nucleus,"" S
nucleus hidden by large round bluish granules

red blood cells =

(5-6-million /ml) 2- A granular

. :‘=: a. Monocytes 5.3%
white blood cells 15-20um, kidney shape nucleus
(5000/ml) b. Lymphocyte 30%

\l, round nucleus
Formation

Leucocytes Formed in bone

marrow & lymph tissue
Protection against infection by:

Phagocytosis
Secretion of antibodies
WBC =4000—11000/ml

Sl

S0 Lymphocytes

White Blood Cells

NEUTROPHILLS
,_l

formation and maturation

White Blood Cells

WBC

1- Granular (polymorphnuclear PMN):
I(J\IIEGUtrOIgL‘UIIaGte;/nucIeus 2- 5*“ 5

purple cytoplasmic granules

12-18um, 2 lobe nucleus, coarse red granules

X @ 2;. 42 "...
Blood physiology 3

Neutrophil

Genesis of WBC

. Two major lineage of WBC are formed:

@ ®

granular, monocytes

lymphocytes

Sites of WBC Formation
Life span of wBcs

Margination & Diapedesis

WBC marginate along the wall of blood capillaries.WBC
squeezes itself through endothelial holes leaving blood
capillaries (diapedesis)WBC move by amoeboid motion

[
Neutrophil Function | .
| 1- Chemotaxis

Defense against
infection: Neutrophil

L 2-Margination
has the ability of
engulfing bacteria or

organism by a process 3'DiapedeSiS 4

of phyagocytosis |

L
L

Steps of
Phygocytosis —

4- Ameoboid movement

Microbial kllllng

Microbe or

other particle €D chemotaxis and adherence
£ ""’;’:a v 3 / of microbe to phagocyte
membran #
b o |- — :
\ 2 e ©) ngestion of microbe
Pseudopods & by phagocyte
“ 0 =] ~
\ /\\ ©) Formation of a phagosome
= / 9 .
/ o — Phagosome N © Fusion of the phagosome
it / (phagocytic | with a lysosome to form a
oplasm -/ vesicle) — phagolysosome
[ Lysosome O\ —
P, ~ e © Dpigestion of ingested
i Digestive —< \ microbe by enzymes
. /,/»'\\ enzymes \ \\
/ N\ ettt (O Residual o © Formation of residual body
/ . df’ge:‘e‘; Tt body containing indigestible
& y
) . U flciobe 8& o \ material
N A Indigestible i (e 5 o

material

=%+

€D Discharge of waste
materials

Phases of phagocytosis

5 - Engulfing and killing of a microbe

Note : * use it for revision not studying cuz not all the info included
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White Blood Cell

EOSINOPHILLS & BASOPHILS

Bl Very important

O Extra information
B Terms

Success does not come and find you,
you have to go out and get it !
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PI\pPHYSIOLOGY
TEA 435

Objectives

At the end of this lecture student should be able to:

|- Describe Esinophils formation and functions.

2- Describe Basophils formation and functions.

3- Describe Monocytes and macrophage formation and functions.
4- Describe Reticuloendothelial components and functions.

5- Describe lymphocytes formation and maturation.

6- Describe the functions of the different types of lymphocytes.

7- Recognize leucocytosis and leucopenia.

8- Recognize type of leukaemia.

Contact us : Physiology435@gmail.com



PHYSIOLOGY
TEA 435

Formation and Maturation of Eosinophils

Stem cells
L 2

Myeloblast

L 4

Promyelocytes

9

Formed in

Eosinophil myelocytes _ -

. Bone Marrow

Eosinophil metamyelocytes

9

Polymorphnuclear eosinophil

(Mature Eosinophil released to blood)

JILEY) Basmia 3) gil) <3 4441 Polymorphnuclear
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Eosinophil Functions

Phagocytosis
High Eosinophil count :

Parasitic (hook worm, ascaris, bilharzia).

. Allergic (asthma, rhinitis, drug reaction).

= Eosinophil attach themselves to parasites and releases
substances (hydrolytic enzymes, superoxide) to kill it.

g Spal) Y (yleaS gl g + Allaa ey 331 ) WgiligSa ) ad gparasite b Wedi by 5 4040

High eosinophil count = Eosinophil 4! (» A 2
FBC ( Full blood count) M ¢y Lgidas
(Apabaal) g5 arar + Clbidhll ) 1 Gueniy Gamnns 885 g sEosinophil) 33 e 15
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PHYSIOLOGY
TEA 435

Stem cells
®
Myeloblast
1
Promyelocytes
8
Basophil myelocytes

L 4

Polymorphnuclear Basophil

(Mature Basophils released to blood)

Basophils = full of blue granules

Lgai Al gaad) 35 o 5 Al 31 5l

—

Formation and Maturation of Basophils

Formed in
Bone Marrow

Contact us : Physiology435@gmail.com



Basophils Functions

Similar to mast cells, both secrets :
|- Heparin to prevent clotting.

2- Histamine , bradykinin & serotinin contribute to inflammation
response.

3-The release of those substances cause local and vascular
reactions characteristic of allergic manifestation.

Heparin is an anticoagulant (blood thinner)
that prevents the formation of blood clots.

Contact us : Physiology435@gmail.com



=  No Granules but
Vacoules

= Stay for 10-20 hours
in circulation then
leave blood to tissues
transforming into
larger cells
macrophage.

Joaiil Aol aal) (e 7 AT
JEibMacrophage : )
£ Tand 408 a3 L)

* Macrophage life span
is longer up to few
months .

= Two types:
Mobile & Fixed

Stem cells

| Formedin |
Bone Marrow

A 4

Monoblast

\ g
Promonocyte

A 4

Mature monocytes released into blood

Contact us : Physiology435@gmail.com



Function of Monocytes and Macrophages

Macrophages :
are a powerful phagocytic cell
and first line of defense

- Ingest up to 100 bacteria.
- Ingest larger particles as old

RBC.
- Get rid of waste and survive .

monocytes transfer to macrophages
that are also called (scavenging cells)

"dil Jale™ : ilb g Macrophages 2

Functions :

Anti-inflamatory

phygocytosis of
bacteria and

dead cells
6 gy g Saall 2L

cooperating with
lymphocytes by
recognizing
foreign body
(take in foreign body
process it and present
it to lymphocytes)
A glde uall aal) duad
lymphocytes -/
Ao b0 90 (Al g ogad
“oad g s
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PHYSIOLOGY
TEA 435

Lysosome Antigen

proteins
Nucleus

Macrophage

Soluble debris

exocytosis

75

‘ Lt[ ;‘4 ] L
f Py
8\ 7.,
Macrophage digests

antigen in lysosome

=\
)

Indirectly

)* Q|
[ \
I @ “‘\‘
| N
\ ’
A
9N y
b4y /
\\\‘ /‘
N
":
Antigen-presenting macrophage
displays antigen fragments on
surface receptors
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Reticuloendothelial System

Functions of
| Consist of Located in Reticuloendothelial
Lymph S system
nodes
| | - eripheral Ve . All tissues « Phagocytosis:
Reticulogndothelal blood s . .
s « Macrophage especially: Bacterial, foreign
e Endothelial cells skin (histocytes), particles , dead cells

liver (kupffer),bone
marrow, lymph
nodes, lung , spleen

(bone marrow,
spleen, lymph node) * Breakdown of

hemoglobin

* Immune function:
processing antigen and
antibodies (indirect)
production

Bone
marow

* Storage of iron

Contact us : Physiology435@gmail.com



{\eHy: |2|_30§Y LymphOCYtes

White blood cells

Contact us : Physiology435@gmail.com

lymphocyte




Lymphocytes Formation and Maturation

Stem cells
(thymus, lymphoid tissue & bone marrow)

\
Life Span Of " Formed in |
Lymphocytes Lymphoblast bone
range from
weeks to months 9 | marrow, |
according to its thymu§,
type intermediate pyronophilic blast cell lymphoid
tissues
s _ |
lymphocytes
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P\PHYSIOLOGY
TEA 435

Lymphocytes Functions

Lymphocytes

cytotoxic T cells helper T cells B cells
Kill virus-infected Help cytotoxic T cells Produce antibodies '
and damaged cells and B cells in their
immune functions

CD8, CD4 : antigens in the surface of cells.
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Lymphocytes Types

T-Lymphocytes (Thymus dependent)

T-helper

Types of

* Formed in bone marrow or lymphoid
tissue migrate to thymus for maturation.

= Life spans 100-130 days.“_isi ¢Ses”
= Circulate between blood, tissues, lymph.

Functions :
T-lymphocytes

N

Natural
killer

= Cellular immunity

7~

(graft rejection delayed hypersensitivity)
T-cytotoxic
* Role in antibody secretion

MJJM\‘&QU&#N@J‘JJ@éiji@ﬁdﬁmﬁﬂwdu‘dﬁuu.‘ﬁ .
T-Lymphocytes I ¢ gl (b M e cilicliag
( Memory cells :T-lymphocytes) =
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TEAMA 35 Lymphocytes Types

B- Lymphocytes (Thymus-independents)

O First discovered in Bird Bursa (4wl Giela Ua (a9)

U Formed in : Bone marrow, germinal layer of lymph node, red pulp of
spleen .

O Life span 2-7 days.

Q It transforms into large plasma cell (produce antibody).

U Function : Humoral immunity.“Humoral , NOT Hormonal ! ¢

O Stimulated by antigen transforming.

*  Humoral immunity.
The component of the immune response involving the transformation of B cells into plasma cells that produce
and secrete antibodies to a specific antigen.

= antigen is any substance that causes an immune system to produce antibodies against it.

» plasma cells ) B-lymphocytes 4| J s> antigen )
antibody <) i L s A
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PHYSIOLOGY .
/ﬁ\TEAM435 Leucocytosis

( WBC) |
* Morning (Decrease) e Bacterial infection
* Evening (Increase) (tonsillitis , Appendicitis)
» After physical exercise * Worm infection

(WBC increase)

e Stress or Adrenaline
injection Disease

More Explanation:

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=jNqtXL6t8Jc

Leucopenia

( Decreased WBC) l

Drugs
/ /\
Malnutrition T);z:‘:;d
/ /
Causes
adll @il sl agadal) dsed)
-
(4000-11000)
s 8al ) ‘5\
Leucocytosis .
P Olali g Bl2 & folic Radiation
Leucopenia acid deficiency
~/ y,

More Explanation :Vedio
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https://www.youtube.com/watch?v=7XP4-xV3GcM

P\PHYSIOLOGY

TEAM4 35 Leukaemia

* Leukaemia:

Cancer of white blood cells due to
chromosomal abnormality caused by
chemicals, radiation, and viruses.

% WBC MORE than 50x103
(Anh all eliall aal) il S sae 8 s la )

+» Acute or chronic onset.

% Accompanied with anemia and bleeding.

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=kmAUYKledZg

Types of Leukaemia

Myeloblast

: Lymphoblast
leukaemia .
Myeloid cells lymphocytic cells

More Explanation :Vedio

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=FJOYAaygQFE

- QUIZ

- 3Videos that explain every thing about blood : | & 2 & 3
‘“ the third one is about WBCs”’

- Origin of WBCs cliclc here

cliclk here : 143893 a3Y
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https://www.onlineexambuilder.com/physiology10-11-wbc/exam-37651
https://www.youtube.com/watch?v=tye-IkjsLss
https://www.youtube.com/watch?v=U7XZ44Wo8ww
https://www.youtube.com/watch?v=kacMhkYlJ3U
https://www.youtube.com/watch?v=NvTMPLqs9PM
https://www.youtube.com/watch?v=sQcY-z4wzCs

“IKO ) d qu Basophils White Blood Cells

Formation and Maturation of Basophils ’

White Blood Cells

EOSINOPHILLS

Formation and Maturation of Eosinophils

Formed in Bone Marrow

1.Stem cells - Myeloblast—> Promyelocytes —> !
Phagocytosis

Parasitic
$High eosinophil count Allergic

Eosinophil attach themselves to parasites
and releases substances (hydrolytic
anzymes, superoxide) to kill it

2. Eosinophilmyelocytes —
3. Eosinophilmetamyelocytes -

4. polymorphnuclear eosinophil (Mature
Eosinophil released to blood)

Function

Formed in Bone Marrow

Q

C

i

1- Stem cells — Myeloblast— Promyelocytes —

2- Basophil myelocytes —

3- Polymorphnuclear Basophil (Mature Basophils released to blood)

= Similar to mast cells both secrets :

1- Heparin to prevent clotting

2- Histamine , bradykinin & serotinin contribute to inflammation response

3- The release of those substances cause local and
vascular reactions characteristic of allergic manifestation

.

Blood physiology 3

L 5

White blood cells
WBC

uuuuuuu

Direct anti Inflammatory

Indirect anti-inflammatory

Note .

* use this mind map & !
for revision not
studying cuz not all 0,
the info included ! ;

* This mind map

includes slides 1-12

P

bacterium) < 2ePIO™

¥ @ phagosome
phago&’sis %

|

| @&

Iysosome phagolysosomes

N
\
exocytosis

¢+ Functions: anti-inflamatory

$oluble debris

—Directly: phygocytosis of bacteria, dead cells

—Indirectly cooperating with lymphocytes by
recognizing foreign body (take in foreign body
process it and present it to lymphocytes)

White Blood Cells

MACROPHAG

ONO

For
Formed in Bone Marrow

1- Stem cell -~ monoblast — promonocyte —
mature monocytes released into blood

2- Stay for 10-20 hours in circulation

3-Then leave blood to tissues transforming into
larger cells macrophage

4- Macrophage life span is longer
upto few months

I_|

Function of Monocytes and
Macrophages

—

Macrophages are a powerful
phagocytic cells, first line of defense


http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKv3m5m49McCFUkIGgodD7oEWQ&url=http://ww.itimes.com/poll/which-wbcs-in-this-image-is-the-most-useful-wbc&psig=AFQjCNG3PMEbqQVDyEbLmb9qo3pjtqiJxw&ust=1442248414584348

“i[o) d Mq p White Blood Cells .

LYMPHOCYTES

1- Formed in bone marrow, thymus, lymphoid tissues

Reticuloendothelial system _
/ ) \ n\ 2- Stem cell (thymus, lymphoid tissue & bone marrow) — lymphoblast
Lymph

intermediate pyronophilic blast cell - lymphocytes
Monocytes ,Macrophage - py P — lymphocy

\
{ , { Perlpheral
lood

3- Life Span Of Lymphocytes range from weeks to months according to its type

And Endothelial cells (bone Be— f;' 1

marrow, spleen, lymph node) 4/ [ 4 &}
“ "} "?:"s'loimuml

Located in all tissues

especially: skin (histocytes),
liver (kupffer), spleen, bone
marrow, lymph nodes, lung

EUNGUONRAIUIYDES

Ll Ll .

~

Functions of
Reticuloendothelial system

_ o
1.Phagocytosis: Bacterial, dead cells, /L@/_I@_;\’_/a

Kill virus-infected Help cytotoxic T cells Produce antibodies
and damaged cells and B cells in their
immune functions

foreign particles \l, |
2.Breakdown of Hb ] -
Cancer of white Leucopenla |_ t . :
3.Immune function: processing cells due to e U Cocy OS I S I
antigen and antibodies production decreased WBC :
(indirect) chromosomal Increased WBC
b lit o
4.Storage of iron abnormatity causes .
caused by . Di
N t chemicals, — 1- malnutrition Physiological Isease
O e 8 radiation, and 2- drugs
* use this mind map viruses. 5 ialnalial . After phvsical Bacterial infection
. = er physica
for revision not \;\éziongore than yp O! eve exercise (tonsillitis,appendicitis)
studying cuz not all 4- radiation
the info included ! -

* This mind map
includes slides 13-24



http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKv3m5m49McCFUkIGgodD7oEWQ&url=http://ww.itimes.com/poll/which-wbcs-in-this-image-is-the-most-useful-wbc&psig=AFQjCNG3PMEbqQVDyEbLmb9qo3pjtqiJxw&ust=1442248414584348

GOOD LUCK!
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