Tissues

* Groups of cells similar in structure and function
* The four types of tissues

— Epithelial

— Connective

— Muscle

— Nerve
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Epithelial Tissue

Cellularity — composed almost entirely of cells

* Special contacts — form continuous sheets held
together by tight junctions and desmosomes

Polarity — apical and basal surfaces

Supported by connective tissue — reticular and
basal laminae

Avascular but innervated — contains no blood
vessels but supplied by nerve fibers

Regenerative — rapidly replaces lost cells by cell
division

Classification of Epithelia
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Classification of Epithelia
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Epithelia: Simple Squamous

* Single layer of flattened cells with disc-shaped
nuclei and sparse cytoplasm

* Functions
— Diffusion and filtration
— Provide a slick, friction-reducing lining in lymphatic

and cardiovascular systems

* Present in the kidney glomeruli, lining of heart,

blood vessels, lymphatic vessels, and serosae

Epithelia: Simple Squamous

(a) Simple squamous epithelium

Deseription: Singla layer of flattened calls with
disc-shapad central nuciel and sparsa
o ik

cytoplasm, the simplest.
the apithelia

Funetion: Allows passage of

fillration in sitas where protect
Iubricaling substances in serosas.

Locatlon: Kidnay giomerl; air sacs
ot lungs: lining of heart, blood

a

Nuclous of ——
squamous. E‘\‘r—»

oplineiial
cell

Alr sacs of
lung tissue

Figure 4.2a




Epithelia: Simple Cuboidal

{b) Simple cuboidal epithelium

Description: Singls layer
of cubsiks cells with

* Single layer of cubelike e Sl i
cells with large, spherical
central nuclei
portins.
of small glands; ovary

* Function in secretion and ==
absorption

* Present in kidney
tubules, ducts and
secretory portions of
small glands, and ovary
surface

z

Funetlon: Secrefion and absorption.

Location: Kidney ubuies:
s and soSTetory.

Figure 4.2b
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Epithelia: Simple Columnar

Single layer of tall cells with oval nuclei; many
contain cilia

Goblet cells are often found in this layer
Function in absorption and secretion
Nonciliated type line digestive tract and gallbladder

Ciliated type line small bronchi, uterine tubes, and
some regions of the uterus

Epithelia: Simple Columnar

(¢) Simplo columnar spithelium

e R
tall calls

o il

layar may contain
mucus-sacreting
unicellular giands

{goblat calls).

Funelion: Absorption; secration of mucus, enzymes,
and other substances; ciialed Iype propels Mucs
{or reproductive osils) by ciliary action

Loeation: Nencibatsd typs

lines most of the digestive

Iract (stomach lo anal canal).
galbladder and excretory {
ucts of some glands; cikiated \
variety linas small bronchi,

itering lubes, and some
fegions of the wlerus.

Simpla ——
columnar
spithalal
cal

Figure 4.2

Epithelia: Pseudostratified Columnar

Single layer of cells with different heights; some
do not reach the free surface

Nuclei are seen at different layers
Function in secretion and propulsion of mucus

Present in the male sperm-carrying ducts
(nonciliated) and trachea (ciliated)

Epithelia: Pseudostratified Columnar

(d) Pssudostratitied columnar spithelium,
scription: Singia layer of

may contain goblet ¢l and
boar clia

Funtion: Sactetion particisary of
mucss; propulsion of mucus by liary action

Locaflon: Nenciiater fype —

iy spom-<arning u\
et and s

et i

i rachea, most o e

upper respiatory fract T"“"“_?

P
f‘rgugc

- Mucus of
goble ool

Basement
membrane

Comnaetiva
tissua

Figure 4.2d

Epithelia: Stratified Squamous

Thick membrane composed of several layers of cells
Function in protection of underlying areas subjected
to abrasion

Forms the external part of the skin’s epidermis
(keratinized cells), and linings of the esophagus,
mouth, and vagina (nonkeratinized cells).




Epithelia: Stratified Squamous

() Stratitied squamous epithelium

cription: Thick membrane
composad of saveral col ayars;
Basal cells ar cubaldal or columnar |-1;
‘and metabolically aclive; suftace

calis aro flatione (squamous):

in the keralinized typs, the surface
calls aro ful of keraiin and dead;
basal cells are aciive in mitosis and
praduce the cells of the more
Superfcial tayor

Function: Prolests underlying fissues in
areas subjected lo abrasion.

Locatlon: Norkesatinized type foms
he moist linings of the esaphiagus.
mouth, and vagina: keratinized
varity forms fhe epidemis of ihe.
<kin, a dry membrane.

Stratified
squamous
epinelium

Figure 4.2¢
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Epithelia: Stratified Columnar

(1) Stratified columnar epithelium

* Several cell layers with B
. e
cuboidal basal cells

and columnar s Prtacos M
superficial cells prirpadilibi
e A

* Functions in protection
and secretion

* Present in large ducts
of some glands, and in
portions of the male
urethra

membrane

— Uniertying
comnective

Figure 4.2f

Epithelia: Transitional

{g) Transitional epithelium
Descriptlon: Resemblas bolh stratied
and ol.

‘squamous and sh
basal calls cuboidal O colLMNar:

* Several cell layers,
surace cells dome shaped or
basal cells are Sk Gopona’s on

dagrue of organ straich.
Funetion: Stratehas readily and

cuboidal, surface cells it ]
by contained urina.
are dome shaped Locaton: Lnes s e,

i by

* Stretches to permit
the distension of the
urinary bladder

¢ Lines the urinary
bladder, ureters, and e
part of the urethra e

tissue

Transitional
epineium

Figure 4.2g

Glandular Epithelia

* Agland is one or more cells that makes and
secretes an aqueous fluid

* Classified by:
— Site of product release — endocrine or exocrine

— Relative number of cells forming the gland —
unicellular or multicellular

Endocrine Glands

* Ductless glands that produce hormones

* Secretions include amino acids, proteins,
glycoproteins, and steroids

Exocrine Glands

* More numerous than endocrine glands

* Secrete their products onto body surfaces (skin)
or into body cavities

* Examples include mucous, sweat, oil, and
salivary glands

* The only important unicellular gland is the
goblet cell

* Multicellular exocrine glands are composed of a
duct and secretory unit
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Multicellular Exocrine Glands

Lobes
Secretory

* Classified
according to:

Duct system
— Simple or ] s oo E:’
compound duct P
type 4P,
. 1 ’»
— Structure of their @ Secretoy
. product
secretory units sy

Figure 4.3

Structural Classification of Multicellular Exocrine
Glands

Tubular secretory structure Alveolar secretory structure.
Simple ? ‘
duct struoture
{duct does C—
not branch) - =
(e) Simpletubular  (b) Simple branched (¢) Simple alveolar (4) Simple branched alveolar
rample: ul Example: No important Example: sebaceous
intestinal glands  Example: stomach example in humans (oi) glands.
(gastiic) glands
Key: = Surface epithelum =Duet  [Jl]= Secretory epithelium
Figure 4.4a-d

Structural Classification of Multicellular Exocrine
Glands

Tubular secretory structure Alveolar secretory structure

=,
Comouna_ -%i" IS LIS

(e) Compound tubular n () po!
Example: Brunner's glands of Example: mammary glands. Example: salivary glands
sl estng
Key: [ =sutacosptheium  [= 0wt [ Secretory opthetum

Figure 4.4e-g

Modes of Secretion

Merocrine — products
are secreted by
exocytosis (e.g.,
pancreas, sweat, and
salivary glands)

Holocrine — products -
are secreted by the R
rupture of gland cells &
(e.g., sebaceous
glands)

Secretory
I vesivies

(8) Figure 4.5

Connective Tissue

* Found throughout the body; most abundant
and widely distributed in primary tissues

* Connective tissue proper
* Cartilage

* Bone

* Blood

Connective Tissue

Common
embryonic Mesenchyme
origin:
Cellular
descendants: M Hsmm{,;itim call
Fibracyie ‘Blacd cells” (and macrophagss)
" e
f o2
connective
tissue Connecive fissue Biaod
ing: proper
Subclassos: 1. Loose connective. Blood cell formation
fissua nd diforamtition are
compiex.
Types: Aroiar Spongy Detalls are provided
Adipose {cancelous) in Chapior 18.
Fisticular 3, Elasiic bana
cariiage
2. Densa connactive:
tiasua
Types: Regular
Imeguar
Elastic

Figure 4.6




Functions of Connective Tissue

* Binding and support
* Protection

* Insulation

* Transportation
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Characteristics of Connective Tissue

* Connective tissues have:
— Mesenchyme as their common tissue of origin
— Varying degrees of vascularity

— Nonliving extracellular matrix, consisting of ground
substance and fibers

QLTUCLUTdl CICSITIETILS O COTITIeECtlive
Tissue

¢ Ground substance — unstructured material that
fills the space between cells

* Fibers — collagen, elastic, or reticular

¢ Cells — fibroblasts, chondroblasts, osteoblasts,
and hematopoietic stem cells

Ground Substance

Interstitial (tissue) fluid
* Adhesion proteins — fibronectin and laminin
Proteoglycans — glycosaminoglycans (GAGs)

* Functions as a molecular sieve through which
nutrients diffuse between blood capillaries and
cells

Fibers

* Collagen —tough; provides high tensile strength
* Elastic —long, thin fibers that allow for stretch

* Reticular — branched collagenous fibers that
form delicate networks

Chapter 4

Tissue: The Living Fabric

Part C




COTIMMeECLve TIS5Uc., runadircritdal Tl

Type

* Fibroblasts — connective tissue proper

3

Chondroblasts — cartilage
* Osteoblasts — bone
* Hematopoietic stem cells — blood

White blood cells (WBCs), plasma cells,
macrophages, and mast cells
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Connective Tissue (CT): Embryonic

* Mesenchyme —
embryonic CT
— Gel-like ground
substance with fibers
and star-shaped
mesenchymal cells

— Gives rise to all other
connective tissues

— Found in the embryo

Embryonie connective tissue
(a) Mesenchyme

Deseription: Embryaric connecive tlissua; gelike ground
fibers; cells

Function: Gives fisa to all other conneciiva tissiie types.

Location: Primarily
in embryo.

Mosonchymal —| i
call

Ground
substarica

Fibers —

Figure 4.8a

Connective Tissue Proper: Loose

Cennective tissue proper: Loose connective tissue (b to d)

{b) Arsolar connective lissue

* Areolar CT
Description: Gel-like mamlwllha“ manmn,pes calls:

— Gel-like matrix with tbrubiasts,
. iriatar Wingh kA o Ve
all three CT fibers

e s o PR
— Fibroblasts,

D e i
macrophages, mast

Location: Widsly cistrbutad under
apithalia of bady, &.g. lomns iamina
propria of mucous membranes;
packages organs: surtounds.
caitarios.

cells, and some WBCs eptmetian
H Lamina-
— Wraps and cushions =

organs
— Widely distributed
throughout the body

Connective Tissue Proper: Loose

* Adipose CT

— Matrix similar to
areolar CT with
closely packed
adipocytes

— Reserve food stores,
insulates against
heat loss, and
supports and
protects

— Found under skin,
around kidneys,
within abdomen,
and in breasts

Loose connective tissue (continued)
(6) Adipase tissue
Description: Malrix as in areolar, but vary sparse; ciosaly
packed adipoeylss, or fal calls, have nucieus pusnied Io the sid
by large fal ropiet
Functon: Provides raserve food fuel; insulates agamst heat loss;
supports and proiacis rgans.

cation: Under skin; arcund

Kaneys s ajeoaet it
abdomen; in breasts

fat droplat

Figure 4.8¢

Connective Tissue Proper: Loose
* Reticular CT e
— Loose ground v Mokl el Voo 3 e 15008

subsiance; relicular cells fie on the
Function: Fibers form a soft intermal skelaton (stroma) that
supports othar cell types.

substance with
reticular fibers

— Reticular cells liein a
fiber network

— Forms a soft internal
skeleton, or stroma,
that supports other

T T~
nods, bona maraw, and spla

cell types e
— Found in lymph nodes, i
bone marrow, and the

spleen Sl

Figure 4.8d

COTNNECUVE T155UC FTOPET. UETISE
Regular

Parallel collagen fibers
with a few elastic fibers
Major cell type is
fibroblasts

Attaches muscles to
bone or to other
muscles, and bone to
bone

Found in tendons,
ligaments, and
aponeuroses

(8) Dense regular connective tissus

Deseripton: Primarty parall colaganflers: e st
fets; major il typa i3 the fbroblas!
Function: Altaches milsclas 1o banes of 1o Mselos: allaches
bones o bones. wilhsiands greal fensie siress when pullng
Torce Is appliad in one diraction.
Leeation: Tendans, mast e
ligamens, aponaurasas. >

Shouder
jeint

Ligament

Gollagen-
fibars.

Nuciai of—
fibroblasts.

Figure 4.8¢




COTNNECLIVE TI55Uc FTOPCET. DETISE
Irregular

* Irregularly arranged
collagen fibers with
some elastic fibers

* Major cell type is
fibroblasts

Dense connective tissue (continued)
(1) Dense Iregular connective tissue

Description: Primarly imegutarly arranged collagen fibes; soma
elasiic libars: major call lype is the fibroblast.

Function: Abis to withsiand tension exeried in many diractions;
provides structural strangin

Lozatien: Damis of the skin e

smmumsa of mgsswa u.m ,—75
fibrou 2%
ol

Muclei of
fibrebiasts

Figure 4.8
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COTTNECLIVE TI5Uc FTOPET. DUETISE
Irregular

* Withstands tension in
many directions
providing structural
strength

Found in the dermis,
submucosa of the
digestive tract, and
fibrous organ capsules

Dense connective tissue (continued)
(1) Dense irregular connective tissue

Description: Primarly reguarly arranged collagen fibers; soma
elaslic libers: majar call lype is the fibrobiast.

Function: Abie (o withsiand tension exeried in many diractions;
provides sinuctural sirangin

Locatlon: Damis of tho skin
submUCosa of mgssuvn it
flbrous capsules
endofjonta

Muclei of
flbroblasts

Figure 4.8

Chapter 4

Tissue: The Living Fabric

Part D

Connective Tissue: Cartilage

* Hyaline cartilage

— Amorphous, firm
matrix with
imperceptible network
of collagen fibers

— Chondrocytes lie in
lacunae

— Supports, reinforces,
cushions, and resists
compression

Cartilage: (g 1a 1)
{0} Hyaline cartilage

Desaription; Amorphous but firm maiix, collagen fibers form an

Imparcepiibia natwork: chandroblasts produucs te matrx and

‘when matkirs (shondrocytes) s In lacunas.

Functlon: Suppas and rloross; has telent oishioning

propeties; resists compress

Location: Ferms most of fhe
ic skeleton; covers the

e o fong bones n joint

ca s castal

cartlages ol 1 rbs;
cartiages of e nose.
trachea, and laryn

Ghendrooyle— {2~ g
in lacuna &=

Figure 4.8g

Connective Tissue: Cartilage

— Forms the costal
cartilage

— Found in: embryonic
skeleton, the end of
long bones, nose,
trachea, and larynx

Cartilage: (g ta i)
(a) Hyaline cartilage

Description; Amorphous but fim maiix; collagen fbars form an
ImparceRIbla natwork: chondroblasts produucs the mats and
When matrs (chondrogytes) s In l3cunas.

Function: Suppons and rslorees; haa fesient cushionig
properties; resists compress

Location: Forms most of the
embryonic skelalon; covers the
eds ol ong bories in joint
caviies: foms castal
cartiages of the ribs;
carlages o the noss,
trachea, and larynx

. )
& %
Chondrocyla—{® 2 .
nlacuna =
Matrix L 8
e
.

Figure 4.8g

Connective Tissue: Cartilage

* Elastic cartilage

— Similar to hyaline
cartilage but with
more elastic fibers

— Maintains shape and
structure while
allowing flexibility

— Supports external ear
(pinna) and the
epiglottis

Cartlage (continued)
(h) Elastic cartilage

Description: Similar to hyaline cariilage, but more elasti fibers
in matrix.

Function: Maintains the shap of a structure whio allowing
great flexibiity,

Location: Support the axtemal —
ear {pinnal, epigiotis, > \

Ghondrocyia— 1"
inlacuna -

Elastic ——{=1
fibars e

Figure 4.8h




Connective Tissue: Cartilage

* Fibrocartilage P ——
. . . (i) Fibrocartilage
— Matrix S|m||ar to Description: Matrix simiiar but less firn than in fyaline cartiage;
. . thicx collagen fibers predominate.
hyaline cartilage but Fucton: o sy o
less firm with thick R ——
. discs; publc symphysis; 3
collagen fibers dcs o nae o / | \
[

— Provides tensile
strength and absorbs
compression shock

Intarvariebral : |
discs. | e

— Foundin
intervertebral discs,
the pubic symphysis, Shoingy
and in discs of the o
knee joint

Figure 4.8
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COrmective T155Uc. BOTIE (US5E0US
Tissue)

Gthers: (j and k)
(i) Bone {osseous tissue)

Description: Hard, calcilied malix containing many collagen
fibers; osteocytes fie in lacunae. Very well vascularized.

Function: Bone suppoits and prolects (by enclosing): protides

¢ Osseous tissue Tevers o IhG mBcas 0 1o aore8 ok an it

‘minerals and fal; marrow inside benes is the site for blood cell
fomation (hematopolesis).
— Hard, calcified matrix Location: Benes .
with collagen fibers /

found in bone

— Osteocytes are found
in lacunae and are well
vascularized

Ostoccytas
In tacunae

COTNmMecCtive T1S5Uc. BOTIE (US5E0US
Tissue)

Others: (] and k)
{]) Bone (osseous tis sue)

Description: Hard, calcilisd malix containing many collagen
fibers; osteocyles e in lacunae. Very well vascularized

— Supports, protects, Function: Bone support and pftects by enclosie): proudss
levers lor the muscles 1o act on: stores calcium and other

and provides levers for i i mas e b s e e erocd et
muscular action Location: Bens /

— Stores calcium,
minerals, and fat

— Marrow inside bones
is the site of
hematopoiesis

Ostaccytes.
in lacunas

Figure 4.8

Figure 4.8j
Connective Tissue: Blood
« Blood e
— Red and white cells it Tt o e v i v

in a fluid matrix ealons CommSi Vit
ey
(plasma)

— Contained within
blood vessels

— Functions in the
transport of
respiratory gases,
nutrients, and
wastes

Figure 4.8k

Epithelial Membranes

Cutaneous
membrana
(skin)

¢ Cutaneous — skin

{a) Cutsneaus membrane

Figure 4.92

Epithelial Membranes

* Mucous — lines
body cavities

open to the N = ot
exterior ————Mucosa
. . ‘moutt
(e.g., dlggstlve i
and respiratory tning
tracts) ‘
G l Mucosa of
* Serous — moist 4 long bronchi
membranes |\ T4

found in closed
ventral body
cavity

(b) Mucous membranes

Figure 4.9b




Epithelial Membranes

Parletal

perifoneum

Visceral
peritoneum

Parietal
pleura

Visceral
pleura

Paristal Visceral
(c) Serous membranes pericardium pericardium

Figure 4.9c
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* Branched neurons with

Nervous Tissue

long cellular processes
and support cells
Transmits electrical
signals from sensory
receptors to effectors
Found in the brain,
spinal cord, and
peripheral nerves

Desoription: Netrons are branching cells; cell processes
that may be quite long extend from fhe nucleus-coraining call
150 ContribuAing (0 nervous.

body;
fissu0 a8 norinitable supporing
calls {not Hustrated), arofe
Cell body 5

Cellprocsssss ((@
Function: Transmit electrical signats
from sensory receplors and Lo effectors {muscles and glands)
‘which cortrl thair acby,

Loc:
and

Figure 4.10

Muscle Tissue: Skeletal

* Long, cylindrical,
multinucleate cells
with obvious
striations

* |nitiates and
controls voluntary
movement

(a) Skeletal muscle

Description: Lang, cylindrical muliuscedta cels: obyiods.
tiations.

Function: Voiunary movemant. locomotion: maniputation of the
‘snvironment: facial exprassion; woluntary control

Locatlon;: I skalotal muscies

atached 1o bones of occaslonally ﬁ \

toskin. ’//‘I‘ ‘ j J"l\\
R |

" Il
e ‘ [
A\

Muscle Tissue: Cardiac

Branching, striated,
uninucleate cells
interdigitating at
intercalated discs
Propels blood into
the circulation

Found in the walls of
the heart

(b) Cardiac muscts

Description: Branching, stiated, generally uninucleats cells

Funetion: As it conlracts, It propals blood inta the cireulation;
invaluntary cantrol

Intercalated —_|
iscs =

Nucleus

Figure 4.11b

* Found in skeletal -
muscles that attach
to bones or skin e
Figure 4.11a
Muscle Tissue: Smooth
. (€) Smooth muscle
* Sheets of spindle- S SRR R A AT
ha ed Ce”S With arrangad clossly to form sheets; no striations.
shap s et et e
central nuclei that Locatio: iy n e
. . walls of hallow organs.
have no striations i
* Propels substances J
along internal
passageways (i.e.,
peristalsis)
* Found in the walls of

hollow organs

Figure 4.11c
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Tissue Trauma

* Causes inflammation, characterized by:
— Dilation of blood vessels
— Increase in vessel permeability
— Redness, heat, swelling, and pain

Tissue Repair

* Organization and
restored blood
supply
— The blood clot is

replaced with
granulation tissue

* Regeneration and
fibrosis
— Surface epithelium

regenerates and the
scab detaches

Figure 4.12a

Tissue Repair

— Fibrous tissue
matures and
begins to
resemble the
adjacent tissue

Scab

Regenerating
epithelium

Fibroblasts

Area of
granulation
tissue
ingrowth

Budding
capillary

Figure 4.12b

Tissue Repair

— Results in a fully
regenerated - regnenes
epithelium with ; )
underlying scar
tissue

Fibrosed
area

©

Figure 4.12¢
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