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Table 1: Types of tissues and their characteristics | ,
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Connective tissue (CT) is a type of body tissue
characterized by an abundant extracellular

matrix within which are dispersed different

types of cells and fibers.
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Fig.1: Image showing the
components of CT: Cells,
Fibers and Ground
substance
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*CT= Connective Tissue
Since we have different types of CT..

Functions Each type will perform several functions
: ., . (Shape) 1
1. Provide and maintain form of organs. organsd) JA2

CTJ e 2aiay
Support different tissues and organs.

Connect and bind different body regions.

= » b

Provide a medium for diffusion of nutrients and
waste products. (and gases)

CTJ g5l (e & 55 e o5& functionsd! sl (s 3as 5 IS5

STl g Al V) Al Y g deadl g Al




CTJ & osSoal) a6 ,S) (S tissuesd) (e gl Y IS 8 ECMJ) 2a) si*

The Cells Of The Connective
Tissue

epitheliumdb U sy o e sl cliida JSE o alaiie e ) slie L 5
* Cells of the CT are, usually, not regularly arranged.

e The cells of CT could:

— Originate and remain in the CT all their lives (fibroblasts).
Ll Jsha 4 (a5 CT) (B 0 sSE
— Ornginate outside the CT and then come to the CT and

remain in it for the rest of their long lives (mast cells).
. . Leibs Jsla alils Gay G CT) gl (5558
— Orngmate outside the CT and then come to the CT and
remain in it for a short period (neutrophils).
Lol (e B_mald B yisl b s s TN (8 O 5SE



1 ! Fib rOblaStS (The most important type of cells of CT)

fibers (s 43l S IS ECMUJ! 0 sS liiaiall Wi functiond) cass € aa¥) o il
(A= pla e AECMJ oSt A sas ol Ld) Jay W (ala ) a8 e ol molecules

e Most common cell in connective tissue.

* Function: Synthesizes fibers and produces

components of extracellular matrix.
It exist it two states:

* Active Fibroblasts and mactive Fibrocytes.

 Rarely divide. Mitosis resumes when they’re

needed under influence of several growth factors.
‘\_UMJA‘}C DJQMJM\AJ‘JLMMMJJLL_\MU‘}SJJ’JJ\JL@_AM‘

Fibro- = fiber. -blast = forming.



Fibroblast : - "W’

Fibroblasts: (The active form)

* Abundant irregularly
branched cytoplasm

* | Large, pale-staining
nucleus with prominent
nucleolus

* | Rich in RER (rough
endoplasmic reticulum)

* | Golgi apparatus well
developed

secretory
granules

Golgi
apparatus

Intermediate /
transfer
vesicles

ribosomes

rough
endoplasmic
reticulum

mitochondrion

cytoplasm

.
l
( A
i
collagen |

fibrils

cell
processes

polyribosomes

Fig.2: Histological features of fibroblasts.
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Features of all protein producing cells
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Fibrocytes: (The inactive form) i

* Smaller than fibroblasts.
* Less cytoplasmic processes.

e Nucleus smaller and darker.

* Less RER.
*The cytoplasm is not branched (less branching) {/
(less active in protein synthesis ¢ &S Slaall sla cu g

 Mpyofibroblasts: Fibroblast cells with contractile
ability. Important in wound contraction.
A special type of fibroblast (u=bay) Je 3 a8l saic)

dasi i 5 (\gile L) L8kl aciy myofibroblastsd! 45! wound healingd) 4dexs suay A

-cyte = cell. Myo- = related to muscles, from greek mys = mouse (because movement of muscles resembles mice).
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Fig.3: Fibroblast and 9 |
fibrocytes (arrows).




+ el

2) Macrophages and the Monolluclear phag(\)_vcvte |

sustemy

Cuz its derived  Cuz they perform

o Monocytes are formed 1n the bone marrow.

o Travel with blood and

| enter the connective tissues

by passing through ca;

o Activated monocytes

pillary walls.

will form several types of

phagocytic cells in tissues. CTJ J2) suas activationd

phagocytesd J it s

o Macrophages 1n different tissues are given

different names.

LAY S (e danl) GRS (e a2 I

(phagocytosisd!) 4aa sl iy o 685 5 (LaS 2 (I Lty ¢ 5S0 agdl e (S

Macro- = large. Micro- = small. Phages = eaters. Mono- = one, single.



Macro = the cells are large
Macrophages > ( CTJL U Monocytesd) o)

(Dlabled) Do 58— - et A mhan ol (mly]

Surface indentations and protrusions Lysosomes > We can find many

Eccentric oval/kidney k in the cytoplasm
shaped nucleus \ ~

Many RER and a // ( > Pseudopodia
well developed Golgi

Fig.4: Macrophages
and the process of
phagocytosis.

Debris Residual B Phagosome

bodies
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o

(lysosomal enzymes) lysosomesd) (8 32 s> sall Gl 1Y) Jans (paes (foreign bodie
Al JA)s Jas ¢ a edill 22y (breaking them down/digesting) plua¥) (sla i
(Debris) 4z aal_a) ab ¢ 3 5 (Residual bodies) 4

Functions of Macrophages:

1) Phagocytosis (Microorganisms, neoplastic cells,
dead cells, debris, and abnormal extracellular
elements). A g ye e ana gl o pualy

0]
) —

| Y

2) Destruction of red blood cells |(metabolism of iron
and hemoglobin). Aaals Danl Ll Gy 4 0

Jims S i 2= %95 58k antigendle i a5 3 Le lymphocytesd! Lu
felidl jlea
4) Release of cytokines and collagenases.
a1 s moleculesd) (< 4c sana collagend! s e Jozy o 512
Al jueaty GG g) o) bl aie dac Liall ey audats




3) Mast Cells

granulesd) 2 s> 5 s basophilic

Large, oval or round
cells.

Cytoplasm filled with
basophilic secretory
granules. ©s<% mast cellsJ

Nucleus small,
spherical and centrally

located (may be o nucleusd) OsSh gl e S 8
obscured by granules). a1 s (ohmcured
..basophilic a3 5 granulesdb 4dalaq

REXTSS | PR R LE Tl VRIS SRR ROy P gk

Fig.5: Mast cells. Note how the
cytoplasm is intensely basophilic.




* Depending on what’s contained in their secretory
granules, they may change the blue color of basic
dyes 1nto a different color — metachromasia.’ql

@mﬂ&h‘:ﬁ\w\ ujl).wuuk—w\a ’u‘:)mil\d\;juﬂsmast Cel]sd\&'&.ﬁj;y'ﬁmts
e 2 gy @.us.d\ ’@Ms.\_d e (53 sl iad ,granu]esd\ JAN2 32 e gall 3 gall Aanda Canlay

= FKunction: Release of heparin, histamine, and

various Inflammatory |molecules.| They’re
important in inflammatory/and allergicireactions.

(anticoagulant) iaill slas The most important substance
in allergic reactions

mast cellsd!

Meta- = beyond. Chroma = color.

SRR i S ey g =y vl




4) Plasma Cells Eccentric nucleus

Abundant,

D Large, ()V()id CQIlS. blue cytoplasm

1 Basophilic cytoplasm

because it’s rich in RER o5& plasma cellsdl

(no secretory granules). RERJ 25> 5 casss basophilic

Juxta= cloge to
1 Golgi and centrioles occupy a juxtanuclear position

and appear pale. Appears pale cuz its not basophilic..
Aapally i~ L i

d Nucleus spherical and eccentric. Has dark peripheral
regions alternating withllighter regions (clock-face

appearance).(not centralized) 4 b/Awis
, S sl Aaadle Gyl e Lo e
d Short life span (10-20 days). 91l s, ke pucleusd!
Juxta- = near, close to. ) jﬂ\ “\-1-%1—1 ji 48 Aslade




O Derived from B-Lymphocytes.

(J Function: production of Antibodies. B-Lymphocytesd!s ..acliall jlea

O Stimulated by several local factors.

Fig.6: Plasma cells.
The cytoplasm 1is
basophilic.  Note
the  juxtanuclear
pale area (arrows)

-3 white blood cellsd! /sl asl

| —

Jxidy 7 ) aualle antigend) Jan W

(e plasma cellsd J =3 )
antigen J! 3 (lde antibodies gl
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Fibers of the Extracellular
Matrix

Fibers are protein polymers, (polymer = structure with repeated units)

— Formed from proteins that polymerize into elongated
structures.  long structure cie (5 &<h L aal 5 <5 ynitsd) d Jais

— The 3 main types are:
1) Collagen fibers (from protein Collagen)
2) Reticular fibers (from protein Collagen)
3) Elastic fibers (from protein Elastin)



1) Colla oen Fibers (the most common and abundant protem?‘-)i:‘S

in the body 1s collagen protein)
* Present in different tissues: skin, bones, cartilage, basal \
lamina, ligaments, and tendons. They give them strength.
collagen fibersd ¥

« Several types of collagen protein exists. |2 5,58 Skl 353 5a s

time from formation to destruction) ol 8
. ollagen turn-over 1s slow in some organs, like tendons

where the collagen 1s stable. In the periodontal
membrane (which holds the teeth in their sockets),

collagen has a high turn-over rate!(rapid turn-over) =m0 ol
omad G g b palie S aa il Uy Gl (lie | o e 5 23S f doaall (e 2ok dazcal Ll
* Collagen fibers may be in the form of (Vthick bundles (as

in tendons and ligaments), Pfibrils (as those that anchor

the basal lamina to underlying tissues), or ®'networks.
(as in dermis and lamina propria)
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Collagen Molecule (Triplehelix)-g
amino acidsd! (» Judls 3 &

Gap region 1 Overlapping region

: /Procollagen subunit
: ® >
1
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o »— o »—
| e— 300 nm —»,
R 1

?4—— 300 nm ——’%

o iddddddaddak

1+ 1 Collagen fibril
Gap —ﬁ:t:— Overlapping region (about 10% Bindle of
region :ﬁ’: of tropocollagen length) collagen fibers

67 nm e / B
ujs.t u\.:u.c e AMeIC ulesd\ CAAAS.\ Collagen fiber i
L\-_.I*

leal) (68 6555 tissuesd) pan 11D
Jtissuedb 2 W ) fibrilsd) pdth g () o
fibers 0385 Olde peanth (5 Al dauil 4

Fig.7: The step-wise Rt/
.| formation of collagen fibers _
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Fig.8: Collagen fibers as seen by TEM (a) and LM (b). Note the striation seen
under the EM. Also note the pink color of the collagen fiber in (b). The




Collagen disease

*See the next slide*

Disease Pathology

collagend] Affects all body. A
/E Osteogenesis | Genetic defect in collagen | severe condition. May

—_—

imperfecta synthesis result in spontaneous
bone fracture.

Vitamin C deficiency | Periodontal membrane

Scurvy (this vitamin is important | 1s mostly affected and
for collagen synthesis) the teeth fall off
Sclerosis Accumulation of collagen Affects all body
Keloid Accumulation of collagen In skin wounds
BIFERL
&8 B
collagend!

SRIPN S | g e v o K B L QR TSRy R FE (g e




(> =) genetic disease - : Osteogenesis imperfecta (1

very Severe disease - (i 7 collagen fibers 42 (lSs 1) Affects all body -

OS] yuan s allaalle 303, i ~ ) May result in spontaneous bone fracture -
(s O30 pllaall (alia g (5 5ic

(collagend) < yig (p S5 28 1as age C (li8) Vitamin C deficiency : Scurvy (2
(abnormal formation) =k e JS& collagend) (n S8 ) 258 7 vitamin C 48 -
Periodontal membrane is mostly affected and the teeth fall off -
UL s deficiencyd ok 7 Wdsli dliy | luaaall s Ve C Galiadl i Jll jaaall)
Gl il i) daii le ) 3 jlaall 4ie | gilay | S W 5V (b 5 landd Jadld
(C Uil Haian (50 Jladll Gddly sk
scorbic s,not =3 ad) ¢ sVl sl (9 (e, Ascorbic acid s C el aladl au) -
(the molecule that prevent scurvy) iz adhis 4ileill <o scurvyd! )

(b e oS5 ) 0 333) Abnormal accumulation of collagen - : Sclerosis (3
Affects all body -
Abnormal accumulation of collagen - : Keloid (4
S pand gdie juay # all d5llas e g) In skin wounds -
(woundd! abnormal repaird 23 collagen fibers!



Reticular = network ((sSed JS& &ld)

2) Reticular Fibers
o Formed by a type of collagen protein that is heavily
glycosylated. Alle A e (5 iy 43S collagen proteins o (35 4
. carbohydratesd! (», o
o Thinner than Collagen fibers. silverdy gtall fuals o

o

silver s 7 (silverdi cas) aul) s
o Stain black with silver impregnation (argyrophilia).

gl (sl seda s (b 5 e all GSle silverd) <o lec 1o ize e le s s*
o Form a network of fibers that holds the parenchyma of several

organs: liver, spleen, lymph nodes, bone marrow.
LSS e Jadlaty ¢ 4alial) Qrgand\ ¢U;i Sloaty 4805 3K C—““-‘j‘ Jala

g »
e

~

o Allow organs to stretch:

arteries, uterus.
stretching &l rsar A organsd) (axs
organsd! 33 sy A & reticular fibersd)
Lol (3 081 IS aaaal

Fig.9: Reticular fibers in lymph node (silver
impregnation).




3) Elastic Fibers (from protein Elastin)

= Thinner than collagen fibers. argyrophiliadt reticulard) s US La s 5

aa 3 dark colore ekt s Elasticd) el (liic diaiaia Claua adiiu 4ia 5 () s
= Forms a network dispersed between collagen bundfes In organs

subject to stretching and bending. Elastic fibers may form
fenestrated sheets in the walls of large blood vessels called
Elastic lamellae.  # ¢ slamina propriad) s dermis (skin)db 48 (Sas
large arteriesdb 483\ s Elastic lamellae saxd s sheets JSé e iy 5 aaaiy Ulal
Jiaihy elasticd) Jso <l ianly 2aaiy g a gy (35S0 5 e 43 aall Jarin 43Y ) Sl aortad) )
¢ 8 aortadl »d foa (S5 Lal g 2oy Le axy oanhall dxiia c-\-w-d\ &\A B 3 elastlcltyd\ 8 g
&3 (3l ) (als S Le g 4xa L elasticd) Cpan ek 5 RNNSTREEKONE)
S sl pall Jls] 8 522 Lusall ol sl 010 (il 5, 581 3580 1) RIS

= They provide Elasticity for the organ T, Vs

= They’re synthesized by fibroblasts and 4
smooth muscle cells. ¥ N

Fig.10: Two stains were used to differentiate
between collagen fibers (which are
red/pink) and elastic fibers (which are
darker in color).




Dr. Mustafa Saad
(2022)
part 2

—_—

25



Ground Substance

Contains a lot of water (—) il (thick) z ¥ 4l 5
e Is a highly hydrated transparent and viscous mixture of

complex macromolecules that fills the spaces between the
cells and the fibers in the connective tissue (In the ECM)

(Large molecules)

- The Macromolecules are: S (e (prae g 82 g tissue IS (A
1) Glycosaminoglycans (GAG) .moleculesJ
2) Proteoglycans (GAGsd! 2a)) hyaluronic acidd) )
3) Glycoprotein cell membraned! sle axsias iy I

* The largest GAG 1s hyaluronic acid. This 1s the only GAG
synthesized on the cell membrane. Others are part of
proteoglycans and are synthesized inside the cell.



Lansy Adliaal) tissued) ¢ | sa) Lo s ax3l () S5 (multiadhesive
* Glycoproteins can bind to various components of the ECM

and the cell membrane. They’re, therefore, called
multiadhesive. They help keep the tissues together.
Examples: Laminin (in basal lamina).

*  Laminin of the basal lamina can bind to integrin protein of
the epithelial cells and the other components of the basal

lamina. basal laminadb 43 5 epitheliumd) Loy (2 pee 52 Ll

 Laminin, therefore, plays an
important role in adhering the
epithelium to the underlying
connective tissue.
il 4y draa aladinl &5 (2 5 ) peally
basal J 8 ean) i a3 e (5 ) 5 laminind)
tissued) 4 s Al ¢l )al 45 lamina

Fig.11: Laminin in the basal lamina under the
epithelium (immunohistochemical study).

(adipocytes) fatty cellsd! & oan¥) sib sl Al Laad)




A
fibi

embryologyd) e i 45 Hhall sla 5 Sl oy classificationd) (b alias

The CT found in OO eV | Mainly in embryos
human after birth é\

ny CT in which
roblasts forms the
ECM Proper "5 Semi-solid (4isSks)

!
l i i

According to the density of fibers,

In which the
ﬁ ECM is fluid

solid m fluid

28

' proper is classified into :



d Proper connective tissue is the connective tissue

in which the main type of cell that forms the
ECM is the ﬁbroblasy ,properdv s Sall (ala

fibroblast L g 5 Ak
1 Loose connective tissue: the fibers are loosely
arranged forming a network.

We don’t have many fibers, and fibers are separated from each other

1 Dense connective tissue: the fibers are densely
packed.

Ll yia g lgaany (e dw A Sy (we have numerous fibers) 32 fibersd)

Gyl g Sl gl etisal ) agd




loose = proper
g) ) .
Areolar Connective Tissue:

A very common type of connective tissue. It gives some support
to organs and tissues. The most common type of CT in the body

d Features: (= (Collagen/elastic/reticular)
» Contain all three types of fibers arranged loosely.

» All types of connective tissue cells (especially fibroblasts and
macrophages) are present here.

» All these components reticular
(paa . fibers o S1— mast cell
are embedded in an . [ _elastic
. . fixed R T fibers
abundant semi-fluid 3,  macrophage
ground substance. Js8 0% 4= plasma 4 >
. . . ce f _
> It’s highly vascular(semi-solid) Ny A fibroblast
B § ) ) o adipocytes | 4 I\ macrophage
, (loosely arranged) fibersd) s LA (fat cells) - P!
JM) areolar e.ua‘ ale dﬂa\ Sha jlic ground _ [~ cell
o e . substance | ~ lymphocyte
(‘\,35 3 yall Glalieedl 40 greg A<

Areolar = small spaces.



gl ) gLE Le amy Gaal el 5 (S2d) net like Wliae M s histo 4l (4 4l histology 4wlS*
s tissue pul 4o | sallald 4805 IS5 e fibersd) @) sis < 548 yha | gha¥ 5 jeaall ad
0 Found: histology 4«8 Cal 8 (a5, histo a0 A8

1.  Under epithelia. areolar sé4c 5 e Sl < epitheliald) casd CT (A 4l Lala U 83
Around glands.
In the spaces between muscle and nerve fibers.
Around blood and lymphatic vessels.
It fills many small spaces making it the ‘packing material’ of
our body. e il W (g3) e il ol axaing sala €
(el ol culh AL i 5 ,S0 (3 555 il e

Al

1 Functions:
1. It gives organs their shape.
2. It 1s a medium for the diffusion of gases, nutrients, and waste
product. 4Li e Jiasy s blood vessels 4@ W epitheliald) 43! 4a y b L )S3
(diffusiond) 4sless ey 4 ground substanced! s highly vascular ¢S 43Y) 4iai areolard) (»
3. It 1s usually the first tissue where microorganisms and foreign
particles enter the body; therefore, 1t’s an important site for
immune and inflammatory responses. epithelialJ) ciad ) 45l Jiey 43) Lasg
laiuy) Jésy g al) paliiad) Il 0 oS areolard) <o alall 3 ad g avall e 8 avan Jaay Ll
[ -looselyarranged i A e il e e gl ey i iae )




S sl sl aaliy s ) sud) aend & 4wl jel aa] G inflammation be uay Wl

~ fibersd) o dalue s2ie (5 K Joosely arranged WY <s, foreign particlesd) 4 slie
Jil s 438 qaniy densely arranged QS 131 43Y) Jil s cu-d Jlae ai olie cellsd! s
(axiy Lo ST s Sy s tissuedle pressure Jany > Y ala

Dense collagen us

Fig.12: Left: Skin. Right: Esophagus. In both images, the loose connective
tissue is indicated by L. Note its position under the epithelium. (The Ds in
both images indicate dense collagenous irregular connective tissue).

32




. . to support and hold the different : 43
Reticular Tissue: parts of the organ together

Organs related to blood formation
» Composed mainly of logsely arranged B\~ W)
reticular fibers forming, a network | < \@ ' 0 9 N
within hematopoietic organs (bone /\w\ \§ \ Q
marrov;/ji)leen) and lymph organs. Q, & \_ / \

(Found in j(Lymph nodes/ thymus) | \\ﬁ:\_ D\
(reticular fibersd) 4eliay iaids) Special type of fibroblast | :; ’
> Fibers formed by Reticular cells.)) A4
(modified fibroblasts) whose |
cytoplasmic processes extend on the  [-Q) G e A @L
reticular network forming a cell-lined  reticular fibersd! Jisi ela sl L il

sponge-like structure. Fig.13: Reticular tissue.
s 5, fibersd) s processesd) o spaces sdic 4] L aasy | Note how there are several

dal ¢ L,,AM Qrgand\ (e tissue Led Oy s f\,p.b\é O S L cale) 8l | spaces in this tissue giving
lymphocytesdb S Leile ) 4 S l[ymph nodesd! ) 4 | it a sponge-like appearance.

» Macrophages are also present in this tissue.




Dense Collagenous Connective Tissue:

“* A type of connective tissue that has numerous
densely packed collagen fibers with few cells and
ground substance. Highly resistant to stress.

fibersd! 2ae 43) L . Lin fibroblasts (Ao s siaty | 485, dawaia fibersd) (o S 22

Leé Ji8 ground substanced) s WAL axe ey AL Loy cile ) jall 4ff olina pala jaS

¢ Could be irregular or regular

1. Irregular: fibers arranged in no specific orientation
forming a 3-dimensional network that resist stress
from all directions. It 1s found 1n organ subject to

great stresses (see Figure 12). <yl IS fibersd! o555
Collagen fibers pass in a direction parallel to the force that is applied to that organ..
2a) 5 olad) e 8 g8l 5hanl g olaily s clalad¥Vl JS fibers e ¢sSs a¥ clalaiyl S e s 5all il 13

, 558 sla o g L) (5 ) se fiber (2 O5Sh z0 re ol B 68l tissued) e Ll (S
el e ey yzall 5 8 gl e g cbiscal e petyasy - D alsdi i Al




-

335> 90 <5 | fibersd! ¢ Ae ) 5ie 5 48 485 fibroblastsd) s 2 5 oladl A fibersd) JS

S

2) Regular: fibers arranged parallel to each other in a specific
orientation with flattened fibroblasts dispersed between them.
Provides great resistance to traction forces. Found in tendons

and some ligaments _=

traction (s Lis ) Aliaall alidi) (gaic jaa Ll (i) 3lanll 4 dday )Y 5 ) 5Y)
fibersd) oladY (5 ) 5« a5 olails forces
olaily 3 8l fissued) o 2S o
s (perpendicular) s sec
z fibersd) oladl (e alias
tissued) =il s

Fig.14: Dense collagenous
regular connective tissue
of a tendon (longitudinal
section).




Dense Elastic Tissue: numerous densely packed elastic fibers

» Composed mainly of elastic fibers. Found in aorta, some
ligaments, and true vocal cords. Gives the organ elasticity. function

—"

elastic fibers WS (sl

Aorta S 400x

~ Elastic lamellae
(sheets of
elastic material)

Nucleus of
fibroblast

(80 50x

Sectional view of elastic connective tissue Elastic connective tissue
of aorta

Fig.15: Elastic tissue in the aorta.
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ECMUJI 0355 ) o e o815, 483 e WA ST s adipocytesd) ¢S U tissued)
(tissued! ECMJ! o555 A » fibroblastsd) <8 loose CTJ! &) 53 (s 43) Las )

* [s atype of connective tissue in which adipocytes
2 3 éioredominate.

* [t’s present throughout the body.
= |t constitute about 15-20% of the body weight of

males with normal weight, and 20-25% of females

* It could White (WAT) or Brown (BAT).
White Adipose Tissue  Brown Adipose Tissue

B el el G o K e O ol




functions of adipocytes W izt (Saa g

Functions of Adipose Tissueo="==" " tissued cusl Al > 12

1)
2)

3)
4)

5)
6)

7)

Storage of energy in the form of Triglycerides.

Endocrine role by the release of certain hormones and
cytokines. Auelidl ol sall pans 5l AL 50 canly

AR .
Insulator, because 1t’s a poor conductor of heat.

Fills the large spaces between tissues and keeps some
organs in place. areola Ju & )5 jseall claluall (e e

Subcutaneous fat helps shape the surface of the body.

Fat pads act as shock absorbers (palms and soles).
(o 5 g 8l die Clenall (aidi (lie) adl dal ) 53 Gghaliay aa) g,
(il e il Taaal) il liic) adill s
Warming of blood (brown fat)—> BATJu 4als 4sk;



White Adipose Tissue

o Specialized in energy storage in white adipose cells.
It’s main function "

o Depending on diet, its color varies from white to
bright-yellow.

sl g SSY) o adipocytesd) 4 a
o Features of white adipose tissue: ».= 25500 G Y o=l o

1) Fibroblasts and macrophages are present in the tissue.”

2) Reticular fibers form a network that supports
individual adipose cells and bind them together.

3) Divided by connective tissue partitions 1nto
incomplete lobules. iisa e cilanai §f o) 2y Lo 2

4) Highly vascularized. (2)s<l Jai 3 )50 Led) sS4 4 sal) de VL e




Histological features of White Adipocytes

1. Large spherical cells with a single large fat droplet
(unilocular).

2. Flattened nucleus on one side (pushed by the droplet).

3. A thin film of cytoplasm around the droplet with thicker
cytoplasm around the nucleus.

4. Around the nucleus are several mitochondria, Golgi
apparatus, polyribosomes, and poorly developed RER.

5. In the thin film of cytoplasm, there are well developed SER

(smooth endoplasmic reticulum) and pinocytotic vesicles.
organelles zlis ¢l lie anall lgahand 48Ul ¢ ja5 ek 5 4] (owii e lagha
SERJ! s mitochondriad! s fat metabolismd) ke 4 xelud
6. The droplets are surrounded by Vimentin intermediate

filament.
7. The cell 1s surrounded by a thin basal lamina.
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Fig.16: The image above shows the features

of white adipocyte. On the right, the image |;

shows the typical appearance of fatty tissue in
a routine preparation. Fat droplets dissolve

o ) Lt | (anl (55l b ) geda g o sS s Sulall
5kl o) 32 s nucleusd! e s sise U
Cogliidia g WAL oyl e jall L)
fatJu b~ thin film of cytoplasmd)
AJA‘S 4181l dasas basal laminad 48l

}’l ] \Q X ) y R v g

during tissue preparation and the cell appears | g5

as a thin ring with the nucleus projecting on | &

one side gche signet-ring appearance).
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Fig.17: Special stains were used to preserve the fat droplet.
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Clinical aspects of White adipose tissue
plakall J U 2 gy Gubaa ¥ e J gl (5006l &
1) WAT secretes the hormone Leptin which 1s a ‘Satiety

Factor’ - Could obesity be treated by hormonal
therapy?  4fe s Aeull dallas & i goy dpalall 323 JI 3 Y

2) Adiponectin 1s released by adipocytes. The larger the
adipocyte, the less adiponectin i1t releases. This

hormone protects against diabetes and other diseases.
lall ua\).e\j ngs.mjh 4_\\.;4‘}(\ 4_\51.40.1;\} o)j.L:; Ll adlponectlnd\ A ) La JS -

Lg‘)s.uj\jg_ﬁsl\ua\fytja‘)’_m bJ)LAJ‘\_ALAJA‘ L)uuﬂ\ dA\jﬂ\wW\d&xum
3) Obesity is characterized by a state of chronic mild

inflammation because WAT secretes several
inflammatory factors = Could these be related to the
cardiovascular or diabetic complications of obesity? Yes
A 25 Leana S Ll il sia olial) Jlealls Sina 2 5o 5 WATJ
I TG ) Ay iy Al AL
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4) Although histologically

similar, Visceral and
Subcutaneous WAT have
different gene

expression. The visceral
WAT is more dangerous
fo'"health > Could

obesity be treated by
gene therapy? —

Jaancs Aiandl Andlae Sy U 1050 J) sl

¢ visceral fatsd) clua
S A it o g sall U1 L

Subcutanecus fat

35> gall) visceral s (Aad) st 3 ga gall) subcutaneous () 4eania awall A fatsd)
((GI) somed) Jleallh panty AN (55 annll sliac] Jal
visceral fatsd)s , bl 8 aginy DAY (S jeaal) Cant SN sty ) 5 yedas (e 4l

Belly fat




5) At birth, fat stores are already formed and

distribution and density varies with age and gender.
oeiadl g peall CoBAL Calias afus ST 3aY 6l die fatd) o oS5
» Obesity in adults 1s hypertrophic (results from

increase 1n size of the already present adipocytes). In
Children, the obesity could be hyperplastic (increase
in the number of cells) because new adipocytes can
be formed from precursor cells that are still present
at this age. Such obese children are more liable to
develop a more severe hypertrophic obesity because
they have more adipocytes. = Treat/prevent obesity

at an _early age.

J2a 43 Al o saall 4eS 33b ) adipocytesd) paas 33b ) 98 Leww adultsd) 2ie obesityd)
ety A LSAl 43) ol 5) adipocytesd! aae A 834 ) Laand childrendl Wl | (Aalal)
2ay (pivenall Juila¥le 5S03 ) ghad sy S8 (ala 5 (Alad 5 32 52 90 Ll () S adlipocytesd)
Sl et el eSS sSradipocy tesdi s sy skl
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Brown Adipose Tissue
(histologically) Wl J<i calis, ~ 5 Jully s WATJ) 2auds 5 e BAT) Aduks 5 aliss

* Specialized in heat production. (fatd) (3% 48k 41l )

* Brown adipocytes are smaller than white adipocytes,
‘”’j““polygonal with multiple fat droplets (multilocular). They

J&)
have numerous mitochondria and a entral spherical nucleus.

O Lin  metabolism of fatd) (lie 33 sa s« mitochondriad) <ulS WATJ) A
5 A0 aal st ¢l (e heat productiond! Lealias,

* Cells arranged in an almost epithelial arrangement around a
blood capillary. The tissue 1s divided into lobules by
connective tissue partitions. blood vesselsd) J s> ds sia g daania oy 5 LA

BATJ) (= 444 S5, epithelial tissued! <l casi yi 48 jlay 4081 S5 Glsda sae e 93 S
AT gy (e anal)  BLT JE 5 (81 juan aald BV gla 3l jall Jaind 3 ) ja Ledala ¢ S5
 The brown color is due to the mitochondria and the blood
vessels.
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mitochondriadl Jie ¥ Al

S fat dropletsd) Jia: a4 )

Fig.18:  Above, a  brown
adipocyte, note the several small
fat  droplets. Right, brown
adipose tissue, note how the cells
surround a blood vessel (BV).




* At birth, brown adipose tissue 1s maximal for body
weight. It then decreases with age.
L8 aall gy oS L LSl 55 anall )5 Ay BATU) 253G 39 5l sic
Leble T Gl ey I 2Ll gt 98 (i
 In adults, 1t’s found i1n scattered areas especially

around the kidneys, the adrenals, the aorta, and in
the mediastinum. Ceadlll (e Badaa (3lalia (833 9 ga ()5S

* Itincreases during cold adaptation.

brown adipocytesd\ e '6_‘\173)'5 LS—“-’ >, ALJ.L: B)ﬂ BAJJ..J\ B O.HJ.A L_r°' J;\jﬂ\
OSan s oY et slut Ol 1 ga g0 ) ) saeatiall a8V S (5 L ameadl 8
(o 5 o il Jas (5)) Baeaiall 3hliall 832030 sl



Sl xaaia gl Ll ayDl
* During fetal life, the fetus was inside the uterus which is a
warm environment.
* Once born, the infant will be exposed to a sudden change from
warm to cold environment.
* During infancy (1st year of life), the infant requires more brown
fat because:
* The nervous system is still not well developed. Can't
regulate body temperature.
e The musculature is still not to its full capability.
« The infant can't move away from source of cold (still can't
walk).
This is why BAT is maximum in infancy.

A28l sling g alla 3 Hol8 daes (35S0 Lo ils (e (W) a5 o gy Jalal) Ll
(4801 da s o Jadlaa Sl Euay) aa Nl (A 5es) 9 san) 5 amy 43Y Ao
dhuﬂuc\_\;ﬁu&a@mﬂ\ )\.@Aj\j,o‘)\‘);ﬂ‘);])wcmu\sueuﬂ\
OSan 38 ST ling Co Lebd All 3 ) s As ) Caliay o gy Lal G L psa) By
il (ala | e sl hypothalamusd) s el Jleadl Gily W e BATJ) (0



Blood

abundant e s sisy 568 | CTJ) iy yai agle (Guhaiy 0¥ ¢ CT _utiay bloodd) il
connecting different body regions 4y 44LxyL ECM

White blood
cells

tRed blood cell

AlalS 2aa g 4l e 4 5 48la 2o o g Al e




aein s ,J8Y) plasmadls A=Y & RBCsd) Cuas centrifuged) Gib e pall <l S Juad oy
. . \ 5
« Blood Is a fluid type of connective < “<~! white part
. : : -E 3 bufty coat
tissue characterized by having a
liquid extracellular matrix (plasma)- "asma(5%) -
in which are dispersed the formed
(— Clements o TbI0od: ("Red - blood
cells (Erythrocytes), »White blood B ek
cells (Leukocytes) and Platelets\)/ 5
(Thrombocytes). (blood without cells)  (a) Appearance of centrifuged blood
Plasmad! Ls_m:j ECMJ' Jisi ng\.&) salall g . LA L..gb‘c GJ\A 3ala 3 LA e 3 e bloodJ*
) Y OS5 (nuclei) 453l e s sist L RBCsd! 43 € elements gllaas Liaadinl (il
4:‘9-‘93 [EDEN Jialy &M 53.-.‘3}” WBCsd! @m.u - ,.‘UAIS LI e LDA c«\j;i e 5 le p]a‘[ele‘[sd\
Ak v 055 Y el Lgtaand Caai 4d) V) Gl (e WBCsd! (il o5l 43 ¢ga o 1L -
- o= sl S buffy coatd

——— Buffy coat,

composed of
white blood cells

and platelets

. Functions of bloo

1) Transportation: Gases, nutrients, waste products, hormones.
2)  Regulation: pH, body temperature.
3)  Protection: Clotting, white blood cells, proteins (antibodies).



Components of Blood

Plasma Formed Elements
55% of blood 45% of blood

Water
Solutes
91% of Platelets

plasma (mostly protein)

Proteins

Other

(Mostly Solutes ¢ » |
Albumin) || o R White blood cell

Platelet

. Red blood cell
Gl 5 ) guall 8 daadiiall o) 1Y)
LA dgaall o oI




* Plasma Protein Electrophoresis : separating proteins according to their charge

globulins -2 albumins -1 : proteinsd) (» (xe 5 e allay plasmad) Juad ab Lo 2ny
(alpha (1 and 2) / beta / gamma (Y)) g1 32 globulinsd s

laa) 51 SV 4 Albumensd ..o sl concentrationd) dias (Saiall & e 1& )Y
(LB ) Sl L isially dszal § (5 5S5 L (Saa) JBY) o4 gamma globulinsd) s

antibodiesd Jist gammad*

Albumins

I i

4_ Globulins A




bone JL 585 aic RBCsd!*
o= nuclel 2 O s5S marrow

Formed Elements of Blood ™ s e st s o
Erythrocytes (Red Blood Cells) « RBCS 25 .nucleid

oals 49l e (s giay 2l

= The most abundant type of cell in blood

m This cell is normally only present in
blood inside the blood vessels. - ol

Biconcave = Concave from above and below
= Biconcave disc 1n shape. [This

increases surface area.

- Lack nucleus and other organelles.
Cytoplasm is filled with the oxygen- == oot el oss e
. : . < hemoglobind! 2 s 5 58
carrying protein hemqglqu. Because ™ .y s yL rpesul
it has no mitochondria, 1t doesn’t use s .y ol ek
oxygen. LY oS gl
acidophilicd!




= Strong, flexible plasma membrane. This allows the
cell to change 1ts shape without rupturing as it
passes through narrow capillaries.

= Life span about 120 days.

00:00:00
Carbon

dioxide “

&

Oxygen

The flow rate in this animation has
been tripled. An average cycle
actually takes about 60 seconds.

LSS et ~Uaty el liie capillariesd) (x o= e! §5S RBCsd) Sl e S
OL‘:‘.“: szs uij\ 9.'!.j P RIS L@-\A ‘.,]):,",., U'A\A s, \gSi |3 s Jggg 5 L;'i;rz d\ Fe ;;J\’K:

3 e

L )85 400 60 9o 4] 5 el e auadl J s ALalS Ad] el lie RBCJ) 48 jaiudy Al &
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Functions of the red blood cells

1) The hemoglobin in the RBCs functions in the
transportation of:

2 Oxygen — this 1s the main function of RBCs

0 €O, RBCsd L~ ;L}Si capillariesd) 4w 53 3 el NOJI
2 Nitric Oxide (NO) — this gas 1s a vasodilator that

helps 1n increasing blood flow

2) Glycolipids 1n plasma membrane are responsible for
ABO and Rh blood groups. sl dluad aaat & selu,

blood plasmadl 48e 4l L | cell membraned! JAl llas plasma membraned! *

3) When RBCs are destroyed by some microorganism,
they release substances that can kill the
MICroorganism, W > U auesdl jexi e Jasd ol 50 5,03 jeall RBCsJI L

* Is there a more direct role for RBCs in immune

response? s =l ) Ll & (Sae RBCsJ) 4} J s sl Sy ane
) Sl s g pall O3 Y s AL sl o G et e i e e



Leukocytes (White Blood Cells)

¢ Wandering cells: formed in bone marrow, circulate in
blood and enter tissues.

¢ Respond to local factors in inflammation.

[FibroBinsThuciel " Pissma col 9 ' ¥

3 2
s V b
. 9 » )
%
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»

Fig.19: Leukocytes in inflamed
tissue.




Classification of Leukocytes

Neutrophils K e sl 2858
U . . . RO -
p AP AP P BB

1 - . 0‘55 : 1 " o 63.4

Granulocytes Acidophils / Eosinophils ORIy

Has specific granules

Basophils [REBBIAYER EEISLEENS

Monocytes

Agranulocytes T-Lymphocytes

Lymphocytes

No specific granules

B-Lymphocytes

e0sind) & dediiue dxua S0 322l 43Y eosinophils s 5 S5 aul L) acidophilsd!*
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ah ¢ (pma S & (5 3w Y wandering cells i3 white blood cellsd) *
Osin B ¢ AVl ) gslany Aiaall )l 455 0l 5 bone marrowd) (2 agrial
ol (A O emy sl g

oY1 5 Jalse e ye activationedd) J=s white blood cellsd)!
&Y pathologyd) (o8 4w yxi

D (e s ) iy granulesd) Lua

e 5 light microscopedh 4y (Sar 5 Lawd S 4aaa : gpecific JsY) -1
Granulocytes ages! 5 ebanll 2all LIS (e &) gl S 8 V) 2 g 50

whited) g5 JS 8 393 50 5 ysua 4aaa : non — specific S g 5l -2
light microscoped! cai4hys ) Sy ¥ s non — specific s <l blood cells
Agranulocytes Laul 4dde (5 giaty AN LA 4

61




s (e lgan aa

By 8 Lliaas 23 U

Granulocytes Neutrophils Eosinophils Basophils
Abundance
(% of 60-70% 2-4% 0.5%
leukocytes)
Multilobed (with
inactive X-chromosome : S shaped
Nucleus : Bilobed (obscured by
of females appearing as ranules)
a drumstick appendage) 8
Sparse and stain : - Large
Granules ekl Large eosinophilic bl
* Defense against Release of
Function Phagocytosis parasitic infection inflammatory
- e  Allergic reactions molecules
¥ X ———
5815 |
|Abatia (K15 jraa alab '

Xl e 56 s pedl [BilOBEA Lenansis o585
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B1) AT Jots e Oligadl uds glasy oS dl g X powsagySIl o ¥ lasue ¥l *
T lgwds Sloadl uagwgagyS e gaxe aod (dBlyell dogllly
appendage Jiﬂ ub —wy4 o inactivation 4l &asy g Jch)_uo.s agio .\_->|9_e

dbo 49ST daall 6&'§M§XJ|;,1L333|9AKM§LC S8 131 (L8 ls| deglea*
S AW X o a>lg) b yoay lald (pSLJ[_gd‘leLQLc_Muo_).oJm) d>isa
(Jll lia lods ) (o 3all yolay Lat_)uwd,odk}abug_i)g(b‘buuﬂl

- ade Gl yesSAll g oMbl sl o Jo8 Jlaw IS s sgllrs e sla pMSII-

basophils J! w3385 9 mast célls J! lojsas Al slgall cfa 5 2S am g9 *




Agranulocytes:

PRI 5 e e (54 granules e &

Monocytes (5%):

¢ Kidney or U-shaped nucleus.

¢ Cytoplasm basophilic.

¢ Function: formation of macrophages.

Lymphocytes (28%):
¢ Variable 1n size.
¢ Nucleus very dark and occupies most of the cell.
¢ Functions:

* T-cells 2 Cell mediated immunity

= B-cells 2 Antibody-mediated immunity

cytoplasmd! i 131 1 shasa () oST = 5 eaall coni Lgdany 131 4040 sla 2

axall 3 S 3l il Gy o2 50 AL (K5 - 5 jeanalls Led 580 Ll 43Y
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Jl 8ok o antigens Jl yess 1 L6 ol lymphocytes Jl oo g5 I Joses
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Platelets/ Thrombocytes 3 sadl) eilinal

m Large cells in the bone marrow called Megakaryocytes send
processes into blood vessels. These processes will splinter
into small fragments called Platelets.

= This process continues until each megakaryocyte gives rise to
about 2000 platelets.

= Each platelet 1s a disc-shaped structure surrounded by cell
membrane and containing no nucleus but numerous vesicles
containing blood-clotting promoting factors. * Js® <elis Glisis

= Short life span: 5-9 days. \__> Dblood clottingd

= Function: Stops bleeding by the formation of () platelet plug
and @ blood clot.

platelet J) s 5 platelet plug &S5 5 7 )adl e plateletsd) ganii = ) 7 sa 4 joay Wl
J st A s fibersd (» g # Hodk plateletd) cligd A sy Juadii (San 5 ddmia plug
site of bleeding J) JSew ) 122 5 blood clot ) Jssi 5 platelet plug




ABO Blood Groups

* Blood group is type of blood designated to a person based on
the presence/absence of an antigen on the surface of RBCs.

» The ABO blood groups are based on the A and B antigens.
* Reason for antibodies presence not clear.

Antibody in
Plasma

Anti-B
Anti-A
None
Anti-A & Anti-B

Blood Type Antigen on RBCs




BLOOD TYPE TYPE A TYPEB TYPE AB TYPEO

A antigen B antigen Both A and B antigens Neither
A nor B antigen

Red blood cells

Plasma

Anti-B Anti-A Neither Both anti- A and
antibody antibody antibody anti-B antibodies

,Q.
©.©

u O Is the Universal Donor Y O/

= Each blood group can give to itself

n AB is the Universal Recipient




lgsd pall Loy 90 0 J! J20 1292 ¥ 18 g antigen Wodaw Lle s gy elyasdl pall Ll
ABO I plas 4ol 0 Olisllaza i codll o3l acsil 3d s L] k_,_>| Ul lal8 antibody
ub °J9>sm” antlgens Jl e—\” Lo_)kb 8 839>94ll antibodies J! e Lo oyliwo
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There are two ways of spreading light: to be
the candle or the mirror that reflects it.
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