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addition to the cells, a tissue contains the extracellular
matrix (ECM) which’s found between the cells.

« Body tissues can be eéenerally divided into 4 main types
w togdhe typeof cells and the amdunt and content
of the ECM they possess.

«  The main types of body tissues are:  ECMT Vice gzl %
1. Epithelial tissue
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Table 1¢ Types of tissues and their characteristics

Tissue Nervous Epithelial
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Fig.1: Characteristics of
Epithelial tissue. (a) Cross

_ section of small'intestine. |
connective tissue) (b) Section through the
QS\QX\ AN skin.
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Epithelial Tissue

 Epithelial tissues have the following characteristics:

1) Coversurfaces or' cavities. sl Slad sl cclosy
) m@ame from the birth of a cell till its

death), because 1t’s exposed to the external environment.

3) Formed ot sheets of closely packed cells. "f =2-2LGs Ulep
7 oo Bl (e

4) The cells are polar. ¢69*Swes%¢sa
5) The epithelium rests upon a Sheet of extracellular matrix
called theBasal Lamina. The eplthe ium, also, have a
connective tissue layer under it. i (,Z’:_‘ﬁﬁlj f;ﬁf‘ _—
6) Epithelial tissues lack blood vessels. They receive their
nutrients from the underlying vascular connective tissue.
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Basement Membrane SS3slal s g,

Apical (free) Lateral surfaces

» Basement membrane 1S surface |
formed of the basal lqmma | |
and the reticular lamina. | Y
The reticular lamina is the !

137
Q.

— Epithelium

upper part of the
connective tissue that’s asallsurface
usually located under the

Basal
epithelium which 1s rich 1n = amina | gasement
— = — Ia(renlicri:ar membrane
reticular fibers. 285w \Wm)
— Connective
. . tissue
» It supports the epithelium. —

Basement"y "Basal Lamina" gusddbuas)l ow §385 g1l oy
+ Goeld)l doutiall yousiy ¥ i Jouis] ju3l wie) Cu> "Membrane

wascen | F1g.2: Difference between basal lamina
and basement membrane.

Nerve Blood vessel
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1)
2)

Types of Epithelium

Epithelium can be divided into two general groups:

.QS&{:\“ ‘/C-S-:L\l Bl e .\.l.:::Jld_.‘\S
Llnlng or Coverlng eplthellum Lol dseo¥ly oy elaodly sasally e yally pill dlky o
Aol sylxallg

Glandular epithelium,—> Main function is secretion 2dis
those 1n the stomach) and some glandular cells are

\5&3\)\ \S’M\Z"\“\\ . Homeostags Y\ asw\@fog* ATy GIEnds) Gl sasll o
present betweenilmng cells (like goblet cells of small

(Swe tgl d)cus)le sosll e
However, some lining epithelial cells secrete (llke
intestine) Rt Lac
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Lining or covering epithelium

Glado Go 538 s Ly )

According to number of layers | zgp\ywofuemad e,

—

Simple
(1 layer)

According to shape of cell

=~ Lb

S |

——>  Squamous
Sbs

>  Cuboidal
A 5opC

—>  Columnar

l Pseudostratified a
Stratified epithlium
(>2 layers)
According to shape of cell in upper layer
a} _-
> Squamous i Keratinized
J  Cuboidal Non-
keratinized
> Columnar .
IR ee —
> Transitional




Simple Epithelium
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Single Single Single
=@ 8y WP . = 250ls Wi
Flattened squamous Cuboidal Tall columnar
. Line blood I D) a3y +  Ciliated=" %"
vessel Eage Line renal tubules Uterine tube USE»
« Lmebody 2 Cover ovaries « Non-ciliated:
cavities ol | Sas s\ O Stomach
« Easy passage of . . _
YD = —__ Active transport o Secretion é-24A
substances =5 T
Socretion =2 Cover organs » Absorptionyg 4,
 Secretion e,
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Stratified Epithelium

\'g»u EEY BT
Multiple Multiple Multiple Multiple
Squamous cells | Squamous cells
covered by@":’%‘m not covered by Cuboidal Columnar
keratin layer keratin layer =533
. =S5 Large ducts of Fastly)
Skin Esophagus St A Conjunctiva
EPid ermis SQ}&X%' m E= N AR
« Protection . .
: e Protect e Protect
« Prevent water | e Protection ceLon HOIEEHOn
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Transitional epithelium (Urothellum) .

o5 Jlﬁf‘gw*(’yw\hb S\saiaD) s

. MP=00.%
AU L1/ ) e
% The topmost cells of this F vy & 5 I

=8 dome-like (called Umbrella

stratified epithelium are

Transitional —

Cells ) epithelium

Basement
membrane

LO.Cathn @Sﬂ ‘éd\:%‘ G UU | a Connective
Urinary bladder and ureters. tissue
That’s Why 1t’s also called Fig.3: Relaxed transitional
Urothelium. — DaNs\p) epithelium.

The umbrella cells are dome-shaped when the bladder is empty.
Once 1t’s full, these cells will become flattened (hence the

name transitional). =stdas

Functions: Protection against the adverse effects of urine.
Allows the bladder to change size. &y sp2\ do !




Pseudostratified columnar ciliated epithelium:

Ciha

Ciliated columnar cell
» In this epithelium, the cells have // B e i
different heights. All cells reston g = ,/,",‘}'-.f,"}':-"(j e
the same basal lamina, but not T 3 Goblet cell
all of them reach the surface. 2 5
This makes the nuclei occupy @ 0 6 80 0 : L Basement
different levels giving the 3 6 6 }0 Y/ y membrane
epithelium a false stratified ~— = __ =5 —— Basalcell
. . — Connective tissue }
appearance, but this epithelium
Ts_,—,ewtually, simple. Fig.4: Pseudostratified columnar
ciliated epithelium.
t@ Location: gy (s8R es 5 2|

—*"Tfachea, bronchi, and nasal cavity (that’s why it’s also called
Respiratory Epithelium).
» Functions: Protection, secretion. Ciliary movement removes
_particles from the airway passages.  vu g Foudlslles asy <
=580 01 ,2bl St X tpgimy YN 2u o = o)
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<o swn = (Glandular Epithelium

» Is an epithelium specialized for secretion.
Yorsh Byl Lsalp g
. . . . Sz G JeB s 3 =
Classitication of glandular epithelium: g gy =uzon 2«

2D 01 yeb) (o lop

1) According to number of cells:

Unicellular glands:_formed of a single c%like
Goblet cells of digestive and respiratory tracts.

2] Multicellular g_lands formed of clusters of cells, like:

=whlh
salivary and sweaf:dglands gas”
O 5193 dspb JUe LM vae gl
DMQ b k - CSLS LJ’LS ?\9*3 (Mucus) bl Goblet) dw (s 4= daxlg dus Unicellular
Se,cre, {-OrY Pro .’-10 h & (Cell

| Slagjl [ ol dulall sasl] L zes  Multicellular
clo
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2 Accom’mg to presence of ducts:
B xocrine glands: possess ducts that transfer the secretion to the
,fvo 2 outside of the body, like: salivary glands.
Endocrine glands: they lack ducts. Their secretions are
transferred to the target organs, usually, by blood. Example:

Pancreatic Islets, Pituita g gland. hamonee . & 2RV L Tlgey
WeLT 4s7f 1 8.2y) SUR £ 05

3) Exocrine glands classified according to morphology of duct and

s sAsecretory portion:

SHY vV 3P Secretory vesicles
Fach exocrine gland has a secretory )

Ioortion that produces the secretion and a
plc/c/—_g duct that carries this secretion. 3
“The duct and the secretory portion could Acinus Duct

Secre ;,,Do..q, (secretory portion) (conducting portion)

roria,.. . D€ branched or unbranched

The secretory portion could acinar (ball-shaped), tubular, or

coﬂed Cas™> {yai
— ¥ s A -~




Exocrine Gland Types

simple

types
tubular :‘r::'l;l:ed coiled branched
tubular alveolar
compound
types
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4) Exocrine glands classified according to method of
secretion.

merocrne

U Merocrine: only the product 1s secreted by | g
exocytosis. As in salivary glands. U*“"L~*’¢°~\=‘\ sy @
Lol 2Urd Sleo T el dole
% Merocrine glands are either sé&ggg%exerete a watery

solution) or mucous (excrete a thick solution).
4\“\10 l_'sg apocrine

cas| s | B
L Apocrine: the product and the apical part of the
cell 1s shed As 1n mammary gland.

Zsted WA Sdl g .
) Holocrine: the whole cell disintegrates and 1s shed @

_with the seeretlon AS 1n sebaceous olands of the

Jo 5heyl Jeasl ai o8l g g
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& Merocrine glands afe either serous (excrete a watery

solution) or mucous [excrete a thick solution).
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Epithelial Cell Polarity

% Polarit means that various regions of a cell have specialized
structura feafures because they perform ditferent functions.

% Epithelial cells can be generally
divided into 3 regions:
SNz 4 Apical (Luminal) region:
close to the lumen of the organ.
“\M\%““ Lateral regions: adjacent to
. other cells. =o\ar
%Ml Basal region: lying on the
basal lamina. S

Fig.5: Polarity of
epithelial cells.
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Cellular sy

Tight Junction: area of fusion

" gl
. of cell membrane. Seals the
nction
Junctions space between two cells.
g ) PLYE{ NN o2 PO
AU 05 _ 25 o3 Sy
% Cell- Adherept Junction: area
membrane of adhesion between,/ two
cell membrane. =G0 il s
structures. ., : GASW e oty
% Located on S Fa, S5l 2Rl
the lateral @ ' Desmosomes: area of
db ] stronger adhesion between
and basa two cell membrane. s Z=si padi
surfaces. 2N L Lo
2 =) Rene) 2_‘3@.;8\ aj,‘pyr
ey Gap Junction: porous area
) in the cell membrane of two
Hemidesmosomes:

cells that allow passage of
substances between them.
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Features of the ap_icalgsurface‘of the cell

1) Microvilli (single = microvillus):

: : LLWonlw Olegmi
Finger-like cytoplasmic projections that are
present in absorptive epithelium, most
prominently in the small intestine. They increase

the surface area. o e s 915t 59 4

Microvilli

YN PRSIE R LACY
S5 4572556 1 oF
V S0 eas”) g s

Fig.6a: Microvilli of
small intestinal cells

Vool Py

e 2) Stereocilia

e They’re similar 1n structure to microvilli;
however, they’re longer ﬁﬁ@ motile.
They may act as mechanreceptors as in the | _ &

inner, ear hair cells. O oS N

Slotyp & 751 SN RS Laie aY

Fig.6b: Stereocilia of a hair cell
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4JsJI 1daa80)) cleodl wolbaiodl 5olyj aul Actin Tum Microvilli

W8 L3 s owaidl jlg=l Silgud] 280 iSy>i0 ¥ Microtubules (9+2) 5-10 pm Cilia

adslodl o381 gl pelws] [ polaiel &Sy jué Actin um 120 &> Stereocilia

3) Cilia

Thick, elongated, motile structures on the surface of some
epithelial cells, like those of the trachea. There are, usually,
_many cilia on the surface of a single cell. They move in

rhythmic fashion backwards and forwards removing fluids and
5’\@\ debris in a certain direction.

4) Flagella

They’re similar to cilia in structure but are
much longer and, usually, only one
flagellum 1s presentbgrgl a cell. The movement

of the flagellum 1s rotational. In humans,
only sperms possess a tlagellum.

oSl dagboll il S USell g8 @kl Job)l sl

Tem——

Acrosome cap

Nucleus —Sg |

\"\\ -
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Fig.6¢c: Sperm. The tail of
the sperm 1s a flagellum
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Connective tissue (CT)
is a type of body tissue
characterized by the
presence of an abundant

—extracellular matrix
within which are
dispersed different
types of cells and fibers.

Functions:

1. Provide form of organs.

reticular
fibers

fixed

macrophage

plasma -1

cell

adipocytes

(fat cells)

ground _

substance | ~

-

e ' ;
N\ v / 1 mast cell
\ [\t B /% J | elastic
| B L it T A fibers
— ‘-4“" - — .
- ) - - : \~' '
23 > [N | \ collagen

[ T fibers

A% | .
(N ot o fibroblast

o) I
5 BN
' |~ macrophage

e |
-

- - \‘x_ 2

o AT . *T‘\”
_J . . “{_mesenchymal

— /¥ o/ \ 0 - cell

= 1 1~ lymphocyte

blood vessel

Fig.7: Components of CT.

2. Support of different organs —> fatty tissue. 1.,
3. Connect and bind different structures —=> cartilage, bone.
4. Provide a medium for diffusion of nutrients and waste products

—> connective tissue proper, blood.
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The Cells Of The Connective Tissue

e\ =U)

Fibroblasts — most common type of cell in the CT

« Function: Synthesizes fibers and produces components

of extracellular matrix. F
&

Yo J@/z
e Main Features:

N2 :
8"‘”—9 s%;"{/qk%“‘/
v Abundant irregularly branched
cytoplasm
Wo\a\—uﬂ\a}’b

Large pale-staining nucleus with a

‘\;‘;‘P\f‘”y prominent nucleolus and a well
a\:)\'\@}ow developed rough endoplasmic

oudl @
EN reticulum and Golgi apparatus
(features of protein producing cells).

| Fig.8: Fibroblast.




Function

Important
feature
Vo sw
=&l Cell surface has
Macrophages indentations and
protrusions
Cﬂca:,i
=3 333 Cytoplasm filled
Mast cells q}é'lwwith dark staining
;:’:5- secretory granules
AM=S >
USRI A Nucleus has
a.llem.a@»ghllark and

Plasma cells light regions (clock-

face appearance)
<=L co > 3

Phagocytosis

@& Bacterium
/

=l

Residue

Secretion of

E"OMJ

histamine g.ﬂ.""'«w

L) 0%,

(allergy), heparm
and others i

Anticoagulant

Production of
antibodie§




Extracellular Matrix

Formed of:

A. Fibers: these are elongated protein structures and they

include:
6? iucjjy‘ Collagen fibers: give strength to the tissue.%ﬁ)«;%’@a\"’“? o
SK'y 2 Pene
2) Elastic fibers: give elasticity to the tissue. > Sssh o e
e 265 ALY Ea2IMg Qg )

3) Reticular fibers: form a net that surrounds the different

- : - ol slast\ & Sotss Y&z
s<si2r  parts of the tissue holding them together. :‘%umm P

o gem-:lﬁ . L el g2 s (splew) J sl 4
F3” Ground substance: formed of various large molecules with
water. =
Proteo 94ycans

Glycoprefeins
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Adipose |
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Areolar
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Classification
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Proper

P o Y

Lot/ oo
Collagenous

)

SV=

Irregular

n

Regular

Dense |

Connective Tissue

l
Bone

Elastic

Supportive
Cartilage

Mainly in
embryos

Adult ey Mbryonic

™ Fluid

|

|
|

- Blood

—

Hyaline Lymph

Elastic

RN\

Fibrocartilage
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cLAB<) s\ /cg"d/@\ Lol S
) Proper connective tissue 1s the connective tissue

in which the cells that form the ECM 1s the

=40 fibroblast or cells derived from fibroblasts.

L Loose connective tissue: the fibers are loosely
_arranged forming a network. = S eSS

\OOSt,tY QTYO:MEDI
) Dense connective tissue: the fibers are numerous

and dﬁnLy_packed
_;ch-——S UU%\




L.oose Areolar Connective Tissue:

L A very common type of connective tissue. It gives some support
to organs and tissues. :
Q-Nﬁ_é)\ a}‘/B' qﬁ sll"
) Features: ~ ~A - T |
» Contain all three types of fibers arranged loosely.

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

. fibers [Ny ~ ) ey | mast cell
are embedded 1n an NN e @:t e T
. . fixed | ' "~ fibers
abundant semi-fluid macrophage &
X /T coll
_ground substance. plasma -~ [ B> e
cell IPNY, |
» It’s hlghly Vascular @Y 4 fibroblast
""’.S’JM MJ’S\ , '/;_il. 4 p )
adipocytes |~ _____ui. , macrophage
(fatcells) | ——4—
L A __mesenchymal
. . . ground __f— ¢ cel
Fig.9: Areolar connective tissue. substance | /] “Chmn ~ lymphocyte

blood vessel



) Found:

1.

Al

Under epithelia.

Around glands.

In the spaces between muscle and nerve @.

Around blood and lymphatic@essels)

It fills many small spaces making it the ‘packing material’ of

our body. 24401 55

J Functions:

1.
2.

It gives organs their shape.
It 1s a medium for the,diffusion of gases, nutrients, and waste

- N, = + ) N
product. JWuh Vovg G Ly by

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.
—
ENAUCSUN




Adipose Tissue

?] Is a type of loose connective tissue characterized by the

d»:fj( abundance of a specific type of cells called adipocytes.

— —— e,
?] Itis of two types: Oab MO nd <«
_ White Adipose Tissue Brown Adipose Tissue
Type of White Brown
adipocyte
White to yellow (due ~ Brown due to abundance of blood
Gross color
to presence of fat) vessels
Main function Storage of energy Production of heat ~=®WIc 2 b
o Present throughout ¢ Abundant in infants Es?.q}\}\t_.ﬁ_u.p K99
Location life otd1dsls  Decrease with age f‘l"g.:fjfa"‘;‘)’“,

« _All over the body  In adults found in few areas




. ~

(Lepbnbssyp 3303 ot 1441 2 Lo | —\ Thermoq enes:
. g A - - Mo enes g,
\..‘pt.,e:d-\a PP AT —3 J

_ White‘Adipocyte  Brown Adip(-)cyte

Shape Spherical ‘“Ssss”  Polygonal  g35eq\ 2um0
Size Larger Smaller

Fat droplet ,Single (unilocular) Multiple (multilocular)
Nucleus Peripheral Central

=vimMitochondria Numerous (‘“ewaiiss Numerous — <0\oOWp.ss (st 968

EWsT-dlalat dadymy
AN LLEIgN203 4

« White adipocytes secrete the hormone Leptin, which 1s a satiety
factor.



Other types of connective tissue proper:
Loose Dense
Type Reticular Collagenous Elastic
Irregular Regular
Collagen, Collagen,
Fibers Reticular passing in all ~ passing in one Elastic
directions  ssstvdirection
aﬁ,m\ \ « o NN -
Holds parts Rosists forggs ~ Petfigeihs shlass .
: Resists traction Provides
Function  of organs from all — ..
L forces elasticity
together directions A5 209 oD CE 290
J— — A\ ‘o: > 29 \
Sunlnsy Lymph node, W% Tendons, v s=Aorta, vocal
Location | Dermis of skm EENE A% ds Jw
A\M\ Sp = abu\s\\cm.&\ -=L9 2%\ 1gaments ' COICS S —— uull




= Cartilage

Cartilage is a supportive type of connective tissue whose ECM is
®ofafirm consistency which allows the cartilage to bear
mechanical stresses. szl U Lip % =%

=
o Cartilage has no vascular or nervous supply. Nutrients and
Wkt stimuli reach this tissue by diffusion from the perichondrium or

from the nearby synovial fluid. oW S

« Perichondrium: EIAT

— Is a layer of dense connectlve tissue that covers all hyaline
cartilage (except in JOlIltS) and all elastic cartilage. It’s richly
vascular and contains collagen ﬁbﬂ‘s and fibroblast cells.
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Functions of Cartilage: B | o
1. Support of soft tissues, as in the larynx and trachea. e <A
o Syl
2. Acts as a shock agsorber as 1n the 1ntervertebral discs.
3. Hyaline cartilage is important for development and growth
of bones before and after birth.

—

Shapasl| by
Chondrocytes:

£$*Oval or round cells.

) Located inside spaces in the surrounding matrix called
lacunae.— &-59LSo

) Each?fjcuna may contain 1-8 chondrocytes.

 Function: production of the extracellular matrix of
cartilage.
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Elastic Fibrocartilage
ECM rich in Hyaluronic acid Elastic fibers Collagen fibers
Arrangement O oo’ s59L
of cells 1n Clusters Clusters Axially
lacunae
Perichondrium Yes (except in joints) Yes No
Most common: o Auricle of the « Intervertebral
Zdaadl AavDy o Articular surfaces  ear ©=0o1g discs
of some joints « Wall of o Pubicgethiétin
 Cartilages of the external symphysis
2o
. nose and trachea “auditory canal
Location EASH Tthmd and « Auditory tube-

Seo01 E5t cricoid cartilages  « Epiglottis and
of the larynx 5.« | g cuneiform

s Costal cartilages ‘cartilages of
« The epiphyseal yN‘" é/the larynx

growth plate p




1C

Above, elast

hyaline cartilage.

S

Left
cartilage. Below, fibrocartilage.
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