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A Gissue 1s_a collection of cells with a common embryologic
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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 generally divided into 4 main types

according to the 7ype of cells and the_ and £onitenty,

of the ECM they possess.
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The main types of body tissues are:

1) Epithelial tissue

2> Connective tissue — Com 28 6P
(3) Muscular tissue

(4,) Nervous tissue — £ O oS



Table 1: Types of tissues and their characteristics

Tissue Nervous Epithelial
(\7\‘@3 »)gwe UH = | Sooke 53«732‘3 g
Have
. .. Aggregated
Intertwining
Cells polyhedral
elongated
cells
processes
A%, U &
Amount @ |
Very small -
of ECM | 7 @1’
: Transmission % - Sl
Main | <~ Lining,
: <> of nerve :
Function | ... Secretion
S impulse Colae e s

dendrite astrocyte (glial cell)  oligodendrocyte Microvilli
7\ [ axon (glial cell)
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Epithelium Fig.1: Characteristics of
Epithelial tissue. (a) Cross
Lamina propria section of small intestine.
(connective tissue) (b) Section through the
skin.
External

environment

Epithelium = epidermis —

Dermis (connective
tissue)
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» Epithelial tissues have the following characteristics:

1)
2)

3)

4)
5)

0)
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Cover surfaces or line cavities.

Rapidturn-over (time from the birth of a cell till itéﬁ
death), because 1t’s exposed to the external environment.

O ey
Formed of sheets of closely packed cells., S0y v 5% 0=

The cells ar¢ polar.» L g b Fem e e e £ R ﬁ
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The epitheliumaestsoupon a sheet of extracellular matri

called theBasal Laming: The eplthehlum also, have a~
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connectivertissueslayerunderst, a5 Gas 5 0 o

Epithelial tissues lack) blood vessels. They receive thelj

nutrients from the underlying vascular connective tissue.
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formed of the-basal lamina> '
and thereticular lamina>
The reticular lamina 1s the \
upper part of the )
connective tissue that’s ;
usuallylocated underthe N — -

~x epithelium which is rich in 5= S amina)_ - Basement

; S eticular membrane
reticular fiber o [ S ]
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» It supports the epithelium. A I e SN R
N Nerve Blood vessel
el > Basal o Retieaar faming_, Fig.2: Difference between basal lamina
et and basement membrane.
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Types of Epithelium

« Epithelium can be divided into two general groups:
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1) Lining or covering epithelium } DX it Cpt

2LGlandular epithelium = Main function 18 secretlorg
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« However, some lining epithelial cells secrete (like
those 1n thej&l&nﬁdﬂ and some glandular cells are
present between lining cells (like goblet cells of small
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meg or covermg epithelium
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According to number of layers
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According to shape of cell

According to shape of cell in upper layer
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Flattened squamous | 2~ Cuboidal Tall columnar
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-0« Line blood] pt7icl sy D, | o (Ciliateds oS5
SN | A .
W vessel . |Line renal tubules, Uterine tube
_\, [* Line body neohén o "Cover ovaries | | « @Non=ciliated: s
(&)3\»" /\’W.‘I— . ) \ -
|\ cavities o) (2 Stomach

e ( Easy passage of . .
W . ctive transport— ¢ Secretion
substances — L .
: « Cover organs « Absorption
. Secretl(y




Stratified Epithelium -,
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Squamous cells | Squamous cells

covered by not covered by Cuboidal Columnar

keratin layer keratin layer a5l 5 2 05!
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Skin Esophagus La1.’ge ducts of Conjunctiva

Aidetne 5 s salivary glands

e Protection
« Prevent water
loss

e Protection
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Transitional epithelium (Urothelium):
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e 1 g k v . —— Apical
# The topmost cells of thisis .. e s Srmg I,
stratified epithelium are| «* [ 26066, 4 &
dome-like (called Umbrella PoACNYONE -/
Transitional — _ G O«
CellS) epithelium 3CoYs[6 "j'-\.’?.,‘,
. L GAN A0 or - Basement
% Location: T membrane
Connectlve
— Urinary bladder and ureters. fesue
. S\
That’s why 1t’s also called Fig.3:(@ljransitional
Urothelium. epithelium.

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

’ name t.rans1t10nal). | | 52 2 B I W g o
3 Functmnsmotectlon dgainst the adverse effects of urine.’

(_Allows the bladder to change size. [ErEe e SN TN ;;g’bfcﬂ v
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seudostratified columnar ciliated epithelium:
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Cilhiated columnar cell
» In this epithelium, the cells have LA // i 7o i \
different heights. All cellsreston | g = 'U ( TG RECENE
. : r. fu 7 "

the same basal lamina, but not | /@blet cell |
all of them reach the surface. 0l

This makes th@lei occup o /9 6 3 0 / Basement
different levels giving the 0, g; 0 o . / membrane

— - 9

epithelium a false stratified
appearance, but this epithelium

1s, actually, simple.
@V”*’ =hue Te st @apl e ciliated epithelium.
» Location: _sec< (5
_csTrachea, bronchi, and nasal cavity (that’s why 1t’s also called

Zo\
ad Respiratory Epithelium)3> —=i &%

» Functions: Protection, secretlonZClhary movement removes
particles from the airway passages% (o) i e 9 Ve Vo) 21} Q2 o\

Connec e tissue

Fig.4: Pseudostratified columnar
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Glandular Epithelium
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Classification of glandular epithelium: o \(\\{D
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1) According to number of cells:
Unlcellular glands: formed of a single cell, like"

oblet cells of dlgestlve and resplratory tracts

e
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7] Multlcellular glands: formed of clusters of cells, like:

salivary and sweat glands. s N e B D o W)J
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2) According to presence of ducts: __,
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w [2] Exocrine glands: possess ducts that transfer the secretion to the

f the body, like:/salivary glands)

w“’;\ﬂ Endocrlne glands:(they lack ducts. Their secretions are

(/\/\d‘(\()]\@ ) ) NBOWw—? [6Focting] 28 ) 55l ( o o,

3) Exocrine glands classitfied according to morphology of duct and

musually, by blood. Example:
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secretory _pOI”llOl’l- ¢ IS P Secretory vesicles

Each exocrine gland has a secretor

portion that produces the secretion and a

“duct that carries this secretion.

[?] The duct and the secretory portion could Ackws

be branched or unbranched. -

Duct

(secretory portion) (conducting portion)

The secretory portion could msh@ @ or
RO
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Exocrine Gland Types

simple
types
tubular ::::f::ed coiled branched
tubular alveolar
compound
types

tubular alveolar



(Duct) sba)l S @

(Unbranched)

(Branched)

(Unbranched)

(Branched)

(Unbranched)

$iL93l el i @

(Secretory Portion)

(Tubular) pudiue 2eul

(Tubular) pufiue 2ol

Acinar ) dduays> of dyg,S
(Alveolar

Acinar [) ddiaus> ol 439,
(Alveolar

Coiled) dailo du gl
(tubular

Simple tubular

Branched tubular

Simple acinar

Compound acinar

Simple coiled tubular
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4) Exocrine glands classified according to method of
secretion.
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L Merocrine: only the product 1s secreted by
exocytosis As in@vary glands.> L

O 692 WO\ (&

o3 @ocrme glands are eltheré serous) (excrete afWatery

solution) or @(exorete a‘thick solution).
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ﬁpocrine the product and the 1cal par of thej

cell 1s shed. As in‘mammary gland» - . -2 2
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Holocrine: the whole cell disintegrates and is shed @

with the secretion. As in gebaceous glands of the
skin. Ay g
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Unicellular [ Multicellular ~ Goblet cells / Salivary

glands
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Exocrine [ Endocrine

Simple tubular /

[ dwlell [ cleodl [ sosoll vod
Branched / Acinar / Coiled '
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Merocrine [ Apocrine / dumo [ dud [ dwls)

Holocrine
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Epithelial Cell Polarity
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mmeans that various regions of a cell have specialized

structural features becausestheysperformrdifferent-functions.

% Epithelial cells can be generally
divided 1nto 3 regions:

1. Apical (Luminal) region:

closeto the lumen of the organ.

2. Lateral regions: to

other cells.

3. Basal region: 1 on the
basal lamina. %g
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Fig.5: Polarity of
RO NSl cpithelial cells.
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region dsolll) guasell Caygi) axlgo olgadl j1,8] ol Lolaiedl Jio
(lumen

. Lateral region — dusd) dui ] ol g dygls OMog lguo

3)9l>o LMS Lol LMsJI Cuwdid (junctions)

Sleadl Jolsg lguosw

. Basal region — ddsdl o Glawdl xowdl + Lgisd dows 3L ddsdl Cuuds

basal lamina J goMo dulzdlg padl o lgall jg 0
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Cellular f@ﬁ\ @ Tight Junction: area of fusion
&}5\}6“\

; - of cell membrane. Seals the
Junctions space between two cells. .
% Cell- @ Adherent Junction: area ]

{{)) of adhesion between two
membrane . >
cell membrane. 49"
structures. el
% Located on e v
theatera I:esmosor(l;ﬁs: .are?) otf
stronger adhesion between
andf two cell membrane. -\
SUrraccs.

20 2
@ s Ao )

Gap Junction: porous area
in the cell membrane of two
cells that allow passage of

substances between them.

@ "o\ )
Hemidesmosomes:
area of adhesion

between cell membrane
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and basal lamina. 2 2
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Features of the@F surfa@of the cell

S afs\:é\gJ&Z\r”\@oww/
f 1) Microvilli (single = microvillus):

Finger-like cytoplasmic projections (hat are

present 1n absorptive epithelium, most

prominently in t_(They increase

the surface areaff AV IEL e SA e g

OV
N P A R P A OO W
(nechanavecepkors ) 262 s (e S \U #

Cepididyms 35 (g eaf) DINNANY s o0
2) Stereocilia

« They’re similar in structur@ m10r0v113

however, they’fe lonZeEmd@gss\mé@ 3
They may act as-as in the |

mner earhair cells.

Microvilli

Fig.6a: Microvilli of
small intestinal cells

Fig.6b: Stereocﬂla of a hair cell
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« 3)Cilia
o @ élongated, motile structures>on the surface of some
epithelial cells, like those of the{tracheal There are, usually,

many cilia on the surface of a s1ngle cell. Theymove>

L S\ s\ Swadh osetionsy
PERe

rhythmic fashion backwards and forwards removmg fluids and
. . N\ s N Nl
debris 1n a certain direction. ZoR P O “Ajri sofe ~
_ - p
. ,\9_\»/:9 @)’ _ Q_B @’N Cl / I a

+ 4) Flagella | -ﬁ.sés\\.'r“ NS s G e
. They’re §imilar to cilia in_structure but are ‘

ra
f - Midpiece
muc@and, usually, only one s =

_ flagellum 1s present on a cell. The movement
of the flagellum 1stotational> In humans,

a flagellum. ) o
K ; AT e 5,0\s 1O s F | (flagellum)
Fig.6¢(_Sperny. The tail of

AW the sperm is a flagellum
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Connective tissue (CT) fer NG AZS A @4 e
. . . . VCae@m o W o
is a type of body tissue | oo e - é e |
characterized by the plasma /T @Y / \,; collagen
cell | B = &/ N AT
presence of an abundant @Y N AN fibroblas
(extracellular matrix ) soocr N J7 AR Q ' h
. . s adi esdb' . . & _ oV 2, © | > macrophage
YVlthln Whlcm (fat cells) > 754 »'i_-- S I\"* ~1_mesenchymal
. - oy Wground - r'l 5 \ cell
(jlipersed different @ S 4\ ® Y
types of cells and fibers. ood vessat
NN 205 Wl g a4y o me 2l ) !
ey \f “ 23 Ny Fig.7: Components of CT.
Functions: "~ & 7% C\\h* T &
. - AN =T e F (s owndl ub< tance.
1. Provideformoforgans, ==& w
i~k s &) A \Nsp® X
2. Support of different-organs —> fatty tissue. s~ f-

AN R Y%
3. Connect and bind different structures = cartilage, bone.

4. Provide a medium for diftusion ot nutrients and waste products

—> connective tissue proper, blood. s> v&s dmwmatts o, S b b2
QP A
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The@ Of The Connective Tissue

D S0 SN g Qo ot A
Fibroblasts)— mos? common type of cell)in the CT

omponents

« Function: Sunthes_ze.gﬁlze,rs and produce
of extracellular matrix.

e Main Features:

(2/ OO =SS
v Abundant 1rregula/ﬂLbranched
cytoplasm.

ASN 20N 2SRV

v Large, W with a

prominent nucleolus/and a well
developed rough endoplasmic)
reticulum and Golgi apparatus
(features of protein producing cells).

- Fig.8: Fibroblast.
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Important

feature Function

e\
Macrophages
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Mast cells
3\39@\33 3,:‘6\ \r’v\,b\ N\

_g\@\,\ﬁo 5Py

Plasma cells

Al o\ o . \
Dy Bt a \=

@& Bacterium
/

SN V¥ 2 W a5k
Cell surface has
indentations and  Phagocytosis
_protrusions
.’al<><_>\<:.*‘. & . s t—f;isi
Cytoplagm filled S§cret19 = Oﬂ% Somin

h1stam1@

with/dark sta1n1ng>g i
-granulesy (ASTEY) .
secretory and others

Nucleus has ~
alternating dark and /Production of

light regions (clock- \antibodies
face appearance) ;. PEN &
- O




Extracellular Matrix

Formed of® é;@\gk\ g7

P 2agshy B A - @51}9 R
A. Fibers: these are elongated protein structures and they
include: )

\ -
0o B350 3

1) Collagen fibers: give strength to the tissue: o ¢ st
, . T T
2) Elastic fibers: give elasticity to the tissue: zss3=5%, 2 wom

S — v’ _
.m\\?\\\ QoS =g\ > S \S~

3) Reticular fibers: form a net that surrounds the different
parts of the tissue holding them together.

o El\'c;&\@ﬁ\@ .‘,QA_.CQ\‘,}@ﬁ\s\@ VA W
B. Ground substance: formed of various large molecules with
water. S
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Classification Mainly in
Connective Tissue embryos

Adult ey Mbryonic

Supportive ~ Fluid

|

Proper

Loose | Dense | - Blood

Bone Cartilage
Hyaline l

Areolar M Collagenous Elastic - Lymph

Elastic

' Adipose Irregular

Fibrocartilage

Reticular Regular

. - N _ v I 26
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D( Propep connective tissueii/;he connective tissue
in which the cells that form the ECM 1s the

fibroblast or cells derived from fibroblasts.

\,_D\Q,\ng 5_9\ QC«\> D s 15° 5 ‘oM s WY
U (Loose)connective tissue: the fibers are loosely
arrang ‘ming a network.
o< \ie Sogaiens @M\

) (Dense) connective tissue: the fibers are numerous

and densely packed.




SN (s 0acs) TS\ =0 S¢S
— )

L.oose Areolar Connective Tissue:
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C A very‘common type of connective tissue. It'gives'some support
to organs and tissues.

U Features:

e

>
) 4

5&5@%

PR
O

>

J"C N mf Cs WS

Contain all three(mﬁf_ﬁbers arrange

eddoosely>

All types of connective tissue cells&espemally fibroblasts andj
anee
macrophages)are present here.

All these components
are embedded 1n an
abundant semi-fluid

ground substance’

[y highty vascular

N I N A oy
.Q} : - -

Fi1g.9: Areolar connective tissue.
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AN S B O\ / elastic
fixed S ,ﬁ z ~ fibers
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O Found: 5y oo

1>~ Under epithelia.

22 Around glands.

A/ In the spaces between muscle and nerve fibers.

4~ Around blood and lymphatic vessels.

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

our body.
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) Functions:

1. It gives organs their shape.. ~0& &7 v

2. It1s a medium for the diffusion of gases, nutrients, and waste <,>
prOdU.Ct. -‘3‘0‘“‘0( SHINANCE 3| gms Ty |5 Dualys sy By pe

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. |
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Adipose Tissue

?] Is @f loose connective tissue characterized by the

abundance of a specific type of cells called adipocytes) .
L W e

?] It 1s of two types:

_ White Adipose Tissue Brown Adipose Tissue

Type of

; White Brown
adipocyte
White to yellow (due  Brown due to abundance of blood
Gross color _ T e e
to(presence of fat)> vessels S N N
Main function Storage of energy Production of heat

« Present throughout <> Abundant in infants b &0&@\'&5@&
Location life ¢ Decrease with age ERY

.W + In adults foundyin few areas )
e Sy A




_ White Adipocyte Brown Adipocyte

Shape Spherical < Polygonal , %\g@s\k\ 55500
Size Larger Smaller
Fat droplet  Single (unilocular) -~ Multiple (multilocular) == S s
Nucleus Peripheral Central
Mitochondria Numerous Numerous (& \ipo=p®

« White adipocytes secrete th@rmone Leptin) which 1s a satiety
3\

factor. | |
Mt N NI e A @R (D o
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Other types of connective tissue proper: e e
5L B s aSE §2 oy : ) % ' 9\@2:
el ¥ [ Loose (= V=TS o e Dense _ . \Q”;
Type (Reticular—, 'Q\*‘@f\Collagenous -M'\‘?’i‘?/\”@‘@ Elastic
N
@ Regular
Collagen, Collagen,
Fibers Reticular passing in@ passing incong’ Elastic
' _ directions direction
o) sV Q2 A e 55 . N P S
” Holds parts (Resists forcesl ey BN Tt e
: Resists traction Provides
Function  of organs from all ..
L forces elasticity
together directions
; ; T A |
Location Lyeyalh 06, Dermis of skin | .endonﬁz LU, VIO
= igaments
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.- Cartilage

Cartilage is asupportive typeof connective tissue whose ECM is

of a firm consistency which @7@1113 cartilage to bear
mechanical stresses. Rt e Y

Cartilage has/ no vascular or nervous supILIy]. Nutrients and
stimuli reach this tissue by(diffusionfrom thie perichondriunyor
from the nearby synovial fTuid) oo oo @oi £ 0 auss s e

Aol M S € R R
_\f)@%&\ GEN{ (i &/k\ﬁ\ \ u)@@\r st S

Perichondrium: B0 a5 e wye K
Jofldense connective tissue)that covers all(\xahne
(except 1n joints) and all elastic cartilage. It’s rlflfyﬁ
Vascular and contains collagen fibérs,and{ibroblast cells:

33
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Functions of Cartilage:
& Support of soft tissues, .

- = ¥ 5
as in the larynx and trachea.» e =R

2. Actsas clﬂ; in the intervertebral discs.., “%~ =
3. line cartilage’is important for development and growi@

of bones before and after birth. A et /Smﬁ |

: \

(o Lal) = iopashibs ) IHyalind 3\' 79> Perichondtiam.
| fic L Clhovowarhlege Y b o

Chondrocytes: ( z:>¢ v=)

+O Oval orround cells.

»J Located inside spaces in the surrounding matrix called

“lacunae> .
+ J Each lacuna may contain/1-8 chondr@

J Function: production of the extracellular matrix of

— )

cartilage. ™ )
Coagal FON @y ALY 2
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Hyaline Elastic Fibrocartilage
ECM rich in Hyaluronic acid Elastic fibers Collagen fibers
Arrangement N e VY Sl 00
of cells 1n Clusters C’luiﬁg Axially
lacunae -
Perichondrium Yes (except in joints) Yes No
- Most common: o Auricle of the Intewm
W 2o " Articular surfaces ear V= discs ="
of some joints « Wall of [ «zo. e« Pubic Sl
229D\ s e (- Cartilages of the external “ 2o symphysis ) *
‘AN nose and trachea auditory canal
Location y\y‘s « Thyroid and « Auditory tube
;/{)\ cricoid cartilages  « Epiglottis and
Y of the larynx cuneiform .
8% ‘e Costal cartilages cartilages of / ~
et [0 The epiphyseal the larynx
\ growth plate

‘?95\
v,
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Above, elast

hyaline cartilage.

S

Left
cartilage. Below, fibrocartilage.
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Hyaline

Elastic

Fibrocartilage

ECM JI 8 swlw3l ¢35 LIl iy

Hyaluronic acid + Collagen (Clusters) Olegoo
type
Elastic fibers + Collagen (Clusters) Olegoo
type ll
Collagen type | ((u=>39S (Axial rows) 4o Wedo
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