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Atom

Molecule

[Chemical level |

Cells
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Cellular level

Liver
Tissue level

Stomach
Gallbladder

Large intestine

f Small intestine =
| Organ level )

3

Levels ot Urganization in the Human
Body. At each succeeding level, the Organ system level
structure becomes more ¢ <

omplex.

Organismal level

The Cell:
Basic structural and functional units
Smallest living parts of the body.

» Eukaryotic :Enclosed by cell membranes
» Prokaryotic cells ( Bacteria ):

dlack nuclei and membranous cytoplasmic structures
cell wall

Cytoplasm

» Cytoplasm extending from the plasma membrane to the nuclear
envelope

» The bulk of cytoplasm is composed of water

» Organic(.") and inorganic(s) »¢) chemicals are dissolved or suspended
1n 1t.

» This fluid suspension ((sil o) 1s called Cytosol.

» Cytosol contains Organelles, Cytoskeleton and Inclusions (&5 siSu)
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Structure of cell membrane

1)Lipid :Phospholipid / Cholestrol

2) Protein(50%.-)5):Integral & Peripheral
At Joate Jole calSeul 45 Jala )
3) Charbohydrate . Glycocalyx

Interstitial fluid

Phospholipid
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Mechanisms of transport across the plasma membrane

Oxygen Sodium ions Glucose

sl s9lse «Simple Diffusion) esle Le
0 S Gk ool 5l oSt 60 (05 5 5emS ]
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Na*K* ATPase pump

Active transport
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Water transport
> Osmosis 05 (oo plal (Sraml L2 36 o (OSMOSIS) 5o
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»  Aquaporin

x These are involved in the ingestion(ux=l) , sequestering(c2_S 12s) and degradation (4 =3) of
substances(2) ) internalized(-23 2,)5) from the extracellular space

x Endocytosis divided into two categories: Phagocytosis and Pinocytosis

@Phagocytosis is the process of engulfing(ox=l) large particulate matter(ile S5 <l )
such as microorganisms, and cell fragments(<txdd)

@ Pinocytosis is used when cell take up(xS « <) small molecules and fluid . the two main vesicles
involved in transport of substances into cells are derived(e2d &) from surface membrane
invaginations(W53 )5 ) called coated(Js Gids) Pits(sad sadsy b Jask a oty 855) and caveoli( ssis a N s5)

Phagocytosis Type of endocytosis in which vesicles are formed White blood cell engulfing a bacterium
as particulate materials external to the cell are
engulfed by pseudopodia
Pinocytosis Type of endocytosis in which vesicles are formed as Formation of small vesicles in capillary wall
interstital fluid is taken up by the cell to move substances
Receptor-mediated Type of endocytosis in which plasma membrane Uptake of cholesterol into cells
endocytosis receptors first bind specific substances; receptor

and bound substance then taken up by the cell

Receptor- mediated endocytosis

» Clathrin
» Caveolae /Caveolin : Endothelium cells
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Hlgand: Q%t . e
igand-receptor >
i / = 2 Receptor

(2) Phagocytosis (cellular eating) (c) Receptor-mediated endocytosis
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Major types of membrane receptors (Cell-Cell interaction)

Channel open

! Actlve e protein
klnase enzyme

/ phosphorylatgs
. other enzyme*

a Channel-linked receptors

(1) Aligand binds to a . . o
receptor, causing a - “ ot a lons

conformational change
_ to activate receptor.

T EEI I I I Y

‘ SUEER 2 U(5) ctuve protein

....'.QO".‘...O(Q....‘ LR N
phosphorylates other
enzymes

’ ——— Phosphate

receptor. It attaches to and
activates an effector protein.
(an ion channel or an enzyme).

oupled receptors

Enzyme turned
on or turned off

¢ G-protein

ST S (oS e Jor 0di S olsie 4 a5 Lla L) Channel-linked receptors
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Polyribosomes: free or bound to the endoplasmic reticulum

Bound ribosomes  Rough ER Free ribosomes

T

™
¥

5 0%

5[
mRNA

Ribosome

Cisterna of
rough ER

\ Misfolded &

Proteins of cytosol denatured protein:\—/

& cytoskeleton l
Conjugated to ubiquitin Golgi apparatus processing & sorting
Specific proteins imported to Secretory vesicles Lysosomes
Mitochondria Peroxisomes Nucleus Proteasome Proteins secreted Proteins of cell

Protein degradation from cell membrane



Rough and smooth endoplasmic reticulum

Nucleus Transport vesicle Rough ER Ribosomes

T TTRPATW o

o anndla

Cisternae

& R Functions of Rough Endoplasmic Reticulum (Rough ER)
J AN sl

|1. Synthesis: Synthesizes proteins for secretion, ir&orporation into the plasma
membrane, and as enzymes within lysosomes
Rough’ER SHooh ER 2. Processing molecules: Modifies proteins (e.g., adds carbohydrates to form

glycoprotein, tags for shipping) and store proteins
3. Organelle formation: Helps form peroxisomes

4. Vesicle formation: Forms transport vesicles for shipping of proteins to Golgi
apparatus

Functions of Smooth Endoplasmic Reticulum (Smooth ER)

1. Synthesis: Site of lipid (e.g., steroid) synthesis
2. Processing molecules: Carbohydrate metabolism (e.g., glycogen synthesis)

3. Detoxification: Detoxifies drugs and poisons
4. Vesicle formation: Forms transport vesicles for shipping to Golgi apparatus
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Golgi apparatus

Functions of Golgi Apparatus

1. Synthesis: Forms proteoglycans

2. Processing molecules: Modifies and stores protein
(that was formed by rough ER)

3. Organelle formation: *
Synthesizes digestive
enzymes for lysosomes

4. Vesicle formation:
Forms secretory vesicles
for delivering
components of the
plasma membrane and

;Wi releasing conzaris from the

cell by exocytosis

Secreton
vesicles

Lysosome

Transport
vesicle

Lumen of cisterna filled
with secretory product

TEM 12,000x

Q o pelsive ol b
° i e 3l

() \ Functions of Lysosomes

Ph e ouij Jsho o5 ole; b ) 03b e sl PH (g5> v
Digestion: Break down molecules within vesicles that enter cell by

endocytosis, remove damaged organelles and cellular components|(autophagy). e 31y 1 (G Lo 5l l s e 42 5 01 LS
and break down cellular components following cellular death|(autolysis) (DS o Job wigds




Peroxisome

> Oxidase: Peroxisome
Fatty acid metabolisem Peroxisome

H202 dglc Jsams) ‘ " ;
(oS bags 0 y2r s

> Catalase:

Break down hydrogen
peroxide into water & O2

o ° N Functions of Peroxisomes

1. Digestion: Break down molecules (e.g., fatty acids, amino acids,
uric acid) with hydrogen peroxide produced during the process

Catalase immediately break down
(35 m e 51 o b b oSt 28T of51 sla JIG o1, €59 5002 dumnSTys co)lo ST 090 -
Sr O ey sl s (Sl 0lsa -

Proteasomes

Protein to be degraded

@ e is first “tagged” with a
e ubiquitin molecule.

\g ? Protein

& godjd' J 0o q‘ﬂq

B g 09,

‘ 27s B

Qe o

Jailes Ubiquitin sl a glosls alws 4 v/

- Proteasome

3)lg ogrne STy p pl e Bgd o

Dgyen (5l g 0l pgsliig

Amino acids 2 Amino acids and
o ¢ peptide fragments

Peptide fragment {o’O - % released to be
recycled by the cell

Functions of Proteasomes

1. Protein digestion: Degrade proteins that are damaged,
incorrectly folded, or no longer needed

2.Quality assurance: Control the quality of exported cell proteins



Mitochondrial structure
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Outer mitochondrial membrane T 5 o slas il e Lag 5o g5l
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Intermembranous space
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| metochondrial
| membrane

~ Function of Mitochondria

Inner
matochondrial
membrane

Cristae , % )
Matrix ——— o

Energy harvesting: Digest organic molecules (e.g., glucose) to produce
ATP by aerobic cellular respiration; called the “powerhouse” of the cell

» ATP synthesis
» Lipid metabolisem

» Protein synthesis:
» Mitochondrial DNA / mRNA/tRNA




Microtuble

Intermediate filament \

Centrosome
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Cellular inclusions
Inclusions are nonliving components

» Glycogen: Storage form of glucose
»Lipids: Storage forms of triglycerides
P Pigments(«1%:,): Melanin, hemoglobin and lipofusin

>Crystals: are not common except Sertoli and Leydig(.tw) cells in
testis(+ax) and occasionally(2%) in macrophages

Nucleus (Chromatin & Nucleolus)

of a specific protein. [AP|RJ Nucleus
(a) ©Don W. Fawcett/Science Source I L

o2 a5 g ol glie by S 0
4 (NuClear pore) az.s #,sw G 5w o

Nuclear pores

2870 9,58 Slp a5 29l 0 29

Nuclear envelope

Chromatin il e olge

oL perinuclear space Lié g oy glas

Ribosome

KR
Nucleolus
Perinucleary Rough ER  Nuclear pore
space complex
SR g Inner and outer
3 i sy \ .. nuclear membrane
s . 3 3 . K
w
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(a) Structure of nucleus
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From DNA to chromatin

Euchromatin ) Al o5 051,55 g lop s J> 0 bl (S5
Oleg S inpal o o3, et (@uchromatin

Nuclear
envelope

Nuclear
lamina

WSy s (S s S 0 Sl S
(heterochromatiny sl ob; cpiles,s

Heterochromatin

ke i 5 s es els s
Nucleolus Oileg S5 gl 13 0y sla i

Nuclear pore

Endoplasmic
reticulum

’ Ribosomes

Nucleolus
> Highly
basophilic
» Ribosomal
RNA
(rRNA)

Functions of the Nucleus

1. Cellular regulation: Houses genetic material, which directs
all cellular activities and regulates cellular structure

2. Production: Produces ribosomal subunits in nucleolus and
exporls them inlo cyloplasm for assembly into ribosomes



Epithelial Tissue

Covering and lining surfaces (skin)

Protection (skin)

Absorption (intestine)

Secretion (glands of skin & Gl tract)

Sensation (taste buds(.23a ), olfactory(.=bs) epithelium)
Contractility(s_»y u=bail)(Contain actin and myosin)

myoepithelium of glands: secretory glands such as salivary glands

Features of Epithelial Tissues

Apical side s > Very little extracellular matrix and intercellular spaces
mﬂﬂﬂ/_ > Junctional complexes(isla sl J s 43 Juas)
el — > Avascular( Les! akewg 4 4355 5 5,00 Sy S, )
$——— Cell membrane
5 @ o - Goigl apparatus
@ e 55— Maochonaron
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>
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v Cytoskeleton & Junction L
Basalside  —— Besement mambrane ~ & Apical
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ounplsx apical domain
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Basement membrane:

1) Basal lamina : Type IV collagen & Laminin

2) Reticular lamina : Type III collagen & Type VII collagen

¢ Intermediate
Hemidesmosome filaments
ALY /
"‘ll\“‘,-\ wl elie cl)s
N\ /! \l"q,uf L slis gl
XTI (1
\,'".'; . basal membrane
Collagen fiber_| mnmm
(type XVII) !.ll Cell membrane
Integrin
Type . [ —
P — 13— Lamina
Pl (NN s gl L gl
fibril 2 Reticular ) _ ‘
(type VI - lamina - 3:',1-'3-3|-.'j1 ‘5,1.: :y 1
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Type Il 77 B regeneration | vy lp p3Y olge .3
collagen fibers

Intercellular space

= \/__, Zonula occludens/
3 ‘!-“-‘7 tight junction

Desmosome

Zonula adherens

Hemidesmosome

Basal |amina



zonula occludens/tight junction
(ol 0 poS & jgeo w)ojlo 18 ojle0 4wl o 5 cwly jo g aijls Jlasl o 4 DelS Jolu g0

Junctional association

molecules (JAM) Occludin

Actin filaments Claudin

Zonula adherens

Membranes of adjacent cells

Intercellular space
(15-20nm)

Actin filament

Vinculin (yellow-colored)

E-cadherins

W Catenin (pink-colored)



Desmosome(macula adherens)

35 o0 plonl elsS gosd 5 el e et g0 b Jlail al o9 d oo Jshe 2 Ll Sl amio (g0l sl
il o cadherin solgls 5l g5 o5
Membranes of adjacent cells Intercellular

space

Dense thick disc
(desmoplakin)

Intermediate
filament

Transmembrane linker proteins
(cadherin, desmocollin, and desmoglein)

Connexon(Connexine)/Gap junction
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Cell membranes of adjacent cells

’ 2-4nm
Intercellular space

adjacentcell
membrane

Connexon/

@ gap junction

diameter
Connexon
monomers
(total 6)
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Microvilli SR

Tight junction
(occluding junction)

Adherens junction
(anchoring junction)

Desmosome

(anchoring junction)

Intermediate
filament

Gap junction
(communicating junction)

Hemidesmosome
(anchoring junction)

Basal lamina
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Hemidesmosome(Integrin)
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Microvillus (sS) gwa 43dila)

Microvilli

Length: 1-3 pm
Finger-shaped extensions
Core of actin filament

Passive movement
because of terminal web

Locations: Intestine,
gallbladder

Functions: Increases
area for absorption/

Villin

Espin

Fimbrin

Fascin

- Myosin |

Actin filament

Myosin Il

" 77
secretion
) eals
Length: ~120 um Stereocilia
Thread-like extensions Steriociium
Pseudostratified Stereocilia  Connective tissue

Core of actin filaments

Passive movements
because of fluid flow

Locations: Epididymis, hair
cells of inner ear

Functions: Increases area
for absorption, mechanoreceptor
function in ear

columnar epithelium

Lining epithelium of epididymis

and smooth muscles
Actin filaments

(form core)

Cytoplasmic
bridge

Fimbrin

Espin

Ezrin

Terminal web

Cilium(Axoneme)

Central doublet of microtubules

Motile
Length: 5-10 pm
Brush-bristles-like
Core of microtubules (9+2)

Primary (nonmotile)
Length: 2-3 ym
Mostly present singly on

all cells
Core of microtubules (9+0)

Cilium Active, unidirectional movements
fnnerfoot sheain Locations: Respiratory epithelium, | No active movements
Surrounding 9 doublets sperm (tail/flagellum), olfactory Locations: All cells of body
of microtubules epithelium fallopian tube €
i o2 i 2 Functions: Mucociliary clearance, | Functions: Can work as
'}]‘\D ﬁ Dynein arms 5 = E ova transport, sperm motility sensory stimulator
2 @;% S22 9 Microtubule % .Y T Cilia
{ \@? doublets & - Wi i
L '3
‘% Radial spoke ) ’.p g “
Central & ’ 4 U
microtubule doublet & * % y‘ J: 7
: — q. ¢ —4t " 1 Pseudostratified
Basal body A ,‘i , , columnar
7 - 2 S e epithelium
) 4
[ 8 %7 9 Microtubule triplets
& &/
D@
Basal body Lining epithelium of respiratory tract

Axoneme (535 .« Microtubule g o jon 4 a5 05 ls 59> lame o Microtubule g s aws & :Axoneme
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. Cells with

Lumen of duct

Single layer of B
bl ol All cells not reaching apical surface
(sectional view)
Cells with Nuclei arranged in
different heights 23 rows/different levels
Round, centrafly
placed nuclei

Polygonal cells
(surface view)

Single layer of
cuboidal cells
sectional view)

Round, centrally
placed nuclei

All cells not reaching apical surface

different heights

Basal lamina  Goblet cell

Cilia Steriocilia
Intercalated duct
of salivary gland
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Superficial
cuboidal cells

Lumen of duct

Superficial cuboidal cells
with round nuclei

Location: Some ducts of sweat glands
and sebaceous glands

Stratified cuboidal epithelium

| Basal cells

Stratified cuboidal epithelium
(Duct of serous salivary gland)
Superficial =
columnar cells

Lumen of duct

i Superficial columnar
cells with oval nuclei

Locations: Epithelial lining of some ducts of Stratified columnar epithelium Basaiicess
salivary glands, fornix of conjunctiva, and cavernous urethra  (Duct of serous salivary gland)
Ciliated oolgmngr Stratified columnar epithelium
columnar epithel thelum viih eie
Lining epithelium of Germinal epithelium In respiratory tra in epididymis 7'7"} 1
thyroid follicles covering gurface of ovary
| Types of epithelia
Simple epithelium Stratified epithelium
One layer of cells Two or more I§yers of cells
Simple Simple Simple Pseudostratified Stratified Stratified = Stratified Transitional
squamous cuboidal columnar* columnar* squamous cuboidal columnar Multiple layers
One layer of One layer of One layer of tall, One layer of tall Multiple layers; Two or more Two or more of cells that
flattened cells cells about as narrow cells cells that appears upper layers of layers; cells about layers of tall, change shape
tall as wide stratified flattened cells as tall as wide narrow cells when stretched
Keratinized Nonkeratinized
Superficial cells are dead Superficial cells are living
Polygonslcos (surtace veew) A 4 Superficial

* Ciliated anfi nonciliatec
A 4

Polygonal cells
(surface view)

Flatisquamous cells
vith elongated nucleus

> Basal ot nuces

—
Eotpeium
Hexagonal cells
= (Surface view)
l—' Single layer of

talllelongated cells
(sectional view)

Basal oval nuclei

Stratum comeum
(Gead el layer
without nuche)
L Snghe yor ot iy
worgund celn
(i vm)

(sectional view)
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KL
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S
Lo J
Lungs Endo(hcllu‘m of blood
(alveol) vesselarteriole

:(Simple squamous) & i1
B e
1 b 0 et a3l 2
ey Ll 4 et g 3l e
G Baoe Py Sl

in fallopian tube

NV
Simple columnar epithelium  Simple columnar epithelium

in stomach (pyloric part)
((Simple columnar) ! 431 5.3
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Keratinized stratfied squamous epithelium
7‘4 Some
it oo 1 binucleated cells
Several layers of cells (dead cel layer
‘without nuclei)
Transitional epithelium

Keratinized stratified
squamous epithelium

umbrella-shaped cells”

Several layers
_ of round nuclei

lining wrinary tract
(renal pelvis, ureter, urinary
bladder, part of urethra)
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Surface
epithelium

Capillaries

Glandular epithelium

Cell cluster

ok Cell cluster lose
T8 7 contact with
surface epithelium
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Exocrinfe glands
) ¥
Simple glands Compound glands
Unbranched ducts Branched ducts
v v v v v
Simple tubular Simple Simple Simple Compound Compound Compound
Straight tubule coiled tubular branched tubular branched acinar tubular acinar tubuloacinar
e.g., intestinal Coiled tube Branched tubular Branched acinar Tubular secretory unit  Acinar secretory Tubuloacinar
glands e.g., sweat secretory unit secretory unit e.g., Brunner’s unit e.g., exocrine secretory unit
alands e.g., gastric glands e.g., sebaceous glands glands in duodenum part of pancreas e.g., submandibular

salivary gland

Simple tubular gland  gimpje coiled tubular gland

Compound alveolar/
acinar gland

Simple branched
tubular gland

Compound tubular gland Compound

tubuloalveolar gland

Differences between serous and mucous cells

Pyramidal cell

Flat basal nucleus Serous demilune

Spherical nucleus

Mucous acinus

Apical secretory

granules Pale cytoplasm

Serous acinus

Wide lumen
Mucous acinus Narrow lumen
with serous

demilune

Myoepithelial cells Myoepithelial cells

Serous
demilunes

Serous acinus Mucous acinus Mucous acinus

with serous demilune
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Surface epithelium

Goblet cells

Appendix

Simple tubular glands

Simple columnar epithelium

Simple columnar epithelium

Goblet cell

Secretory
vesicles

Goblet cells

Absorptive cells
of intestine

Basal lamina
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Glands

Based on mode of secretion

v

Merocrine glands
Exocytosis

Secretory vesicle

Examples:
Merocrine sweat
glands, pancreatic
acinar cells

Secretion by
exocytosis

Secretory contents

Secretory
vesicle

Nucleus

Secretory vesicles
releasing their
contents via exocytosis

(a) Merocrine gland

v

Apocrine glands Holocrine glands

Apical portion of
cell disintegrates

Examples:
Lactating mammary
gland, apocrine
sweat glands

Pinched-off
portion of cell

o

Apical portion of cell
with secretory products shed off

v

Cell disintegration

Whole cell
disintegrate as
secretion
Examples:
Sebaceous glands
mebomian glands
of eyelid

Entire cell
disintegrates

Disintegrating cells
with contents
becoming the secretion

Nucleus of
Cells secretory cell
dividing
Pinching off
of apical

portion of
secretory cell

(b) Holocrine gland (c) Apocrine gland



Paracrine and autocrine mode of signaling

oo 5l Laogs gg, olasled 5 e Jobu 5l can 5 bsbxe Jsbo (59, Jobew < ols 5 :Paracrine gland
ansS e Autocrine Loyl 4 as o538

Secretory cell Effector cell

;p(é[}%\'i Receptor on same cell
0 @

©:©: 2

o Q@0 | ) Sectrete act on nearby cells
@% Do Secretory vesicle

‘%@ : Secrete act on the same cell

17

Autocrine gland
Paracrine gland

Secretory vesicle

Receptor on adjacent cell

Basal lamina




Connective Tissue Functions

»  Binds tissues to each other ”‘ﬁ?u R
»  Mechanical support Parenchyma:
> Internal support(=_\2) for organs/tissues i gl il
> Supporting tissue (Sg pas g olgziml) Serous gland cels
> Serving as a medium fOr eXChaNGE s sm i 0ibis i et 5 s i ety ——
»  Material that connects and binds cells into tissues ——
.y . R connective tissue)
>  Aiding in the defense and protection e
»  Forming a site for storage of energy(.=_2) and water(py 5 ades & 52)
R 'n{.:.c_'J I, o5, "_J saazs 5 as o) U)J..ol sla Jglw = cdly m,:‘jl)l__;
it C8L ol ol gle Jsb 35 caisS mi 5 sle Jeke Al o o Dl
9 9m5ee 318 Q) (ol gle Jolo (g ol aiian CBL i 5l Vgena 1 (STFOMA) ol
B3 e aKogE glr 2l e J5le
g Sy Bl 00y (STFOMA) S )l Sl (635 0 e olSiws yo 1 4255
Types of connective tissue :
1) proper
2) Specialized connective tissues : Bone and cartilage + blood + lymph
Connective Tissue Composition
1- Fibers : collagen, elastic,
reticular
2- Cells :fibroblasts, immune,  Caril
vascular s (at the end of a bone)
3- Ground substance : i
glycosaminoglycans, ool
proteoglycans, glycoproteins
ConneCtlve Tlssue Cel IS Mesenchymal tissue e v: 2.2 -
. . > Mos‘tly extx:acellular matrix, and few cells o n ’
The cells are two groups : fixed cells and transient cells > Pluripotential . Y & U
i i ¥ All connective tissues originate from embryonic =~ = ¥
Resident cells (leed ceIIs): mesenchyme(mesoderm) P = #
® Mesenchymal cells ) > o o5y ey i 0350 55 Y s ) s sl Sl IS 5
Fibroblasts oy 3 eyl 2 ppegst 1
® Adipose cells ) dieed il aniilye b Culis o 53550 (oo 3575 4 |, (Mesenchymal tissue ) osilie <ol g joghe &Y
& Macrophages 25l o 092
—%Hematopoietic stem cell (Bone marrow) } . ; . . o
@ Mast cells ool b sk (nl wi)ls b Mesenchymal cells a5 el S5 ol o o slo sk (6l sanil o 2l
@ Pericytes (é})“— u_h\)la\ ) .z Pluripotential
Transient cells: 5 ol 1 ot sl sl 1yl gt a5 b g 3 ol 5 Jeuslsy (i o oo o) e
v WBC of Blood il pled lazenle b g (B a8 (Sl slo Joho @ ailyie Jle flsie
|Z[ Plasma Ce“S Sl Gl b g Bl asy 13 M 2515 2525 oo &l oL 5 (6l o)l sla Jslo s 4SS

Ll ST & g Wigdns 20litis] Sl i 40 comilie 56 sk e wiils Pluripotential sls Joho 150
255 a1y Gl o alas sl oy le 2L elsil lsne

¢ Fibroblasts ; =#s=greise

22 padte S

% Most common cells — B
. | T ——
<+ Produce and secrete fibers and ground SUDSTANCE (cstas s oskie 205 o s ) Callad JLAY) o ,.:;.,\\
Inactive fibroblast (Fibrocyte=csi s S 5 sia)
o gl s Jaa 3 28502 e O hge 3 S0 2 e-'ij_ﬁ-)JJJ)-'-a_-i':-Jﬂh—'*-T%ue:f_
< Myofibroblast are modified fibroblasts(Wound contraction) e (Mvolibroblas) =P o
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White Blood Cells (WBC)

Plasma Cell
(omd o 1251 Jo e o B aes Vgome) Wil B ais aza &
D =
W0yl 1y e (6 lg o el 13 Sn 005 ungSE Ul 03 )0 45 ol il by & %ﬁﬁﬁ@\
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. Clockface nucleus

Differentiate from B
— lymphocytes
/Produce Anti body

Large
lymphocyte

Jha -

..
_ / R e N monocyte
S5 a5 San (ANAPHYIAXIS) WY 3 o la Tyl w5 0] Ll o { .'ﬁ < \ ) i\gl-u}‘ybg

it Jlnd i gl iy 50

o35 6 Jsil £

/
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l Small
Naia lymphocyte
Basophil
Lo Ldsny ;s 1l ilie gyl T sle Copungi)
. . _ . (T_helper ) .51
s 5 fSa Ll ol 9 355 o b o byl s (53 bt o ot
L o] e sle Ldgn sl slani 0pd aid 5 g3 aiged b )] 51 Sl ls Lab gle coules a5 g0l 3l Dle (natural killer cells) sl sa:25. 3
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Macrophage types in different tissue Mast Cell

. Form in blood is monocyte
* Phagocytosis of cell debris and microorganisms
* Presenting antigens to lymphocytes

Delayed hypersensitivity (allergy)
Dl e siule (gl ) dis b sl Jsil R Clsise

Heparin, a sulfated GAG that acts locally as an

anticoagulant

Histamine, which promotes increased vascular permeability

and smooth muscle contraction

Serine proteases, which activate various mediators of

inflammation ( —lelll L2 b abanl )

Eosinophil and neutrophil chemotactic factors(which

attract those leukocytes ) (<l Jase 40 Wl Qda )

. Connective tissue: Histiocyte

. Liver : Kupffer cells

. Lung : Dust cells(s_ke sla Jsl)
. CNS : Microglia

. Bone : Osteoclast
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'~__-m _@ Fusion of granules
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Connective Tissue Fibers

Collagen fibers(Collagen polymerisation) J;:, s 5
(Reticular fibers=collagen type Ill(Collagen \j f1 ,,‘?
polymerisation) fgg“‘ - x
Elastic fibers(Elastine polymerisation) a ”" R i 2

)

Most abundant protein, 30% dry weight (0% S (5 )5)

More than 28 types

Type | most abundant

Fibrillar collagens :Types I,11 and 111 form fibrills/ fibers(o_Ss )8 s JLS)
Network or sheetforming collagens: Types IV (Basement membrane)
Linking/anchoring collagens : Types VII (Basement membrane)

255 4 a5 35 (IS ik pae S @ o((59,95l) € malizg 09208 5
...\I_éhs.c
s o> el go plus (23, Cuws )‘Iyag e a5 4l gloes ) wans oDl
(255w S (S9> S LS pge plol (SonSh 5 Glyvinl (ool jué o)
Dodias 55 Olgiul (g0 8 Eol (o aeling S9eeS
Not stained by H&E, stained by silver
oAbundant in smooth muscle, nerves, spleen, lymph nodes, bone marrow
oForm network around cells of liver, kidney, and endocrine organs
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Ground Substance/Extracellular Matrix(ECM)

/7
>
/7
>
.0

** Diffusion of small molecules

**  Filling the space between cells and fibers

+* lubricant and barrier to the penetration(Viscous)

S dgdi oy 50 Aigian w9 (55 41385 9) )yl el S8l v 35T b (g 1B (6535l 31 (G &
1) Tissue fluid : Plasma from capillaries and venules enter the connective tissue spaces as extracellular
fluid, which percolates through the ground substance.

2) Macromolecules:
(| Glycosaminoglycans(GAGS): (< s S e 5)

O Hyaluronan(Hyaluronic acid) (S &ely)
u Hyaluronidase ( Yk s 43 32 a5 )
d ProteoglyCans: syx o v ol sls w2t Jlasl el a5 wiiSes sl (551 slo qomeo Cales 5 wisdiss baie lsyshls 4 5 domimso b QIS5 aT3555 & o aiten 5s s sls 395 3550 5

a Glycoproteins: Adhesion of cells to their substrate( 253 sie 4 Jsb Gamea

carbohydrate (sugar)

- covalent bond

protein proteoglycan

Proteoglycan aggregate

Ketatan sutate

Proteoglycan
megacomplex

-

Core protein

Link protein —-

Hvaluronan

Connective Tissue Classification

‘ Common origin (mesenchyme) |

L~ -
i ('; Collagen fibril

Hyaluronan

Proteoglycan
#*  monomer

GAGs

| Connective tissue proper |

|

‘ Supporting connective tissue |

1
| |

| Fluid connective tissue |

connective

tissue (fewer fibers,

connective

tissue (more fibers,

Cartilage Bone
(semisolid matrix) (solid matrix)

Blood

Lymph

more ground less ground
substance) substance)
| [ [ 1
1. Areolar I | 1. Dense regular 1. Hyaline 1. Compact
2. Adipose [553 2. Dense irregular 2. Fibrocartilage 2.Spongy
3. Reticular 3. Elastic 3. Elastic

s AR
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Dermal papilla
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Adipose tissue

- - w Bl o B . X ) . ) ) Y ko ? - :\,-_\‘
Yellow adipose tissue(s a8 cnufs s Joba) (M) ol Shoooyi o oz 555 cd b Jsbl; 1 1 L \'\‘ - 5 »!
a UniOCUIar(Q)‘J“S)).-Jbﬁﬁ,ﬁé@ﬁl’)&isgs‘ﬁ) ady oy i b Joloo 3550 i )’:( g < ;T/_/
O Lipid(x_XK & ) storage and mobilization from adipocyte Y /) Conn <k S
Brown adipose tissue( L3 e ol gd 48 AU g g 368 iy g 03 K Apali ) EA AR NT
O Abundant mitochondria e K ER
O Multiocular(sab) sl O3 (203 Sl i dlaad) S !
O  Highly vascular(e s Fsa Ly salyy i) B e e
O  Heat production i ~3el
O Themiogenesis(baS sl sl con Gl sl plplie 53 S Gl s GG GliE Jadsmse) & 00 T

(?J.)S_Bs.-.""“) sl (50 e os;ﬁ;ﬂ@; oo e ol el osed 5,
General Organization Major Functions Examples

Connective Tissue Proper

Loose (areolar) connective
tissue

Dense irregular connective
tissue

Dense regular connective
tissue

Much ground substance; many
cells and little collagen, randomly
distributed

Little ground substance; few
cells (mostly fibroblasts); much
collagen in randomly arranged
fibers

Almost completely filled with
parallel bundles of collagen; few
fibroblasts, aligned with collagen

Embryonic Connective Tissues

Mesenchyme

Mucoid (mucous)
connective tissue

Sparse, undifferentiated cells,
uniformly distributed in matrix
with sparse collagen fibers

Random fibroblasts and collagen
fibers in viscous matrix

Specialized Connective Tissues

Reticular connective tissue
(see Chapter 14)

Adipose Tissue
Cartilage
Bone

Blood

Delicate network of reticulin/
collagen Il with attached
fibroblasts (reticular cells)

Supports microvasculature,
nerves, and immune defense cells

Protects and supports organs;
resists tearing

Provide strong connections
within musculoskeletal system;
strong resistance to force

Contains stem/progenitor cells
for all adult connective tissue
cells

Supports and cushions large
blood vessels

Supports blood-forming cells,
many secretory cells, and
lymphocytes in most lymphoid
organs

Lamina propria beneath
epithelial lining of digestive tract

Dermis of skin, organ capsules,
submucosa layer of digestive
tract

Ligaments, tendons,
aponeuroses, corneal stroma
Mesodermal layer of early
embryo

Matrix of the fetal umbilical cord
Bone marrow, liver, pancreas,

adrenal glands, all lymphoid
organs except the thymus



Embryonic Connective Tissue

(a) MESENCHYME

. 3 Structure

Mesenchymal cells are stellate or spindle-shaped;
—— Immature protein fiber —— ground substance is a viscous fluid with some
| > Ji/ _

immature protein fibers

=P Function . o
— Mesenchymal cells —<] = " Common origin for all other connective tissue
BN types
3 Location
— Throughout the body of the embryo and fetus
x ra Ground substance ‘ -~ £ Y. ry
o
5 L
3 .

(b) MUCOUS CONNECTIVE TISSUE

Structure

Mesenchymal cells scattered within a viscous
ground substance; immature protein fibers are
more abundant here than in mesenchyme

Function
Support of structures in umbilical cord

Location
Umbilical cord of fetus

el .| mmature protein fiber \ .
L—(— Mesenchymal cell ———_ h
/4 - ‘ q
,‘w ——— Ground substance —_" .

Sgdens 4235 fyaile aly o a0 aS o )ls e g Bl a0 e 0 :MUCOUS

Amnion Umbilical Umbilical
vein (1) arteries (2)

-
'

a s

/
- \ f
e -

Collagen fibers

N .I
Spindle-shaped
mesenchymal cells

. -
L "
- . o o> % Cell processes
-
)4 '
17

.
\ a | o o ik

Wide lumen B Wharton s jolly .- .
of veli Note: Intercgllular matrix is not seen, as it gets
Star-shaped Remnant of Subendothelial removed during slide preparation.

A lumen of artery vitelline duct cushions in artery



Contractile Cells

* Skeletal Muscle
* Cardiac Muscle
* Smooth Muscle

A Myofibroblats(Wound contraction)
A Pericytes
A Myoepithelial cells(Exocrine glands)

Muscle Cell Terms and Features

»  Cytoplasm = sarcoplasm

»  Smooth endoplasmic reticulum = sarcoplasmic
reticulum

>  Plasma membrane = sarcolemma

>  Muscle cells have basal lamina and reticular
fiber network

Muscle: General Features

Functions: movement, constriction and
dilation of various visceral organs,
contraction of heart

Muscle cells contain contractile protein
filaments mainly made of actin and
myosin

Most muscle is mesodermal in origin > L:.

3 Main Types of Muscle

Skeletal (striated): long, cylindrical (!4 siu) multinucleated
cells with cross-striations(&k3s) in register; peripheral nuclei, quick
& forceful(s 58 5 &2 contraction; voluntary control

Cardiac: cross-striations not in register, nucleus central,
elongated and branched(<=&s) cells joined by intercalated
disks(siulin wlada): - involuntary, rhythmic and forceful

Smooth (visceral): fusiform(.Ss2) cells, central nucleus, no
striations, slow contraction, involuntary

Striations l— Connective Intercalated disc - Glycogcml

~Nuclei [_ rMuscle fiber | tissue -Branching Striations  |Nucleus- [—Nuclci r~Muscle cells

=

o

: ST TV, _
e s ST —
DR LRI AL by

(a) Skeletal muscle (b) Cardiac muscle (c) Smooth muscle

Development of skeletal muscle

£3Myoblast(is) fusion—=>Myotube =< s sl ale ) Jala=Muscle fiber =

Cross-striations( o e lalase bghs)
peripheral nuclei

Skeletal

Many mitochondria

VVVYVY VY

Sy o il T b Ll ol > 4 aSh Wgdaes haws e glo Joho 4 cudbiple slo Joku 51 can
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Organization of skeletal muscle .. cove o S 00 o U700

A e sbml |y SMlae

® Epimysium: thicker(_s ~3-x) layer surrounding all fascicles often with

vessels(s> S, ) ), dense irregular connective tissue, elastic fibers e I
® Perimysium: thin(<S2b) layer derived from epimysium surrounding 7

group of muscle cells forming fascicle=_t 4. Vs _}
® Endomysium: each muscle cell surrounded by basal lamina and y . D

reticular fibers !



Organization Within Muscle Fibers

» A band :Dark band
» | band : Light band /Bisected by Z disk
» Sarcomere units : From Z line to Z line, about 2.5 um;

2 disc Mikn Z disc
' : H zone
i —Iband— Aband
gy s oS )l

ol 00 S8 g8 )L g0la 5l 56 myoflament el ous LSz myoflament 51 soss myofibrilla 5 555 o S5 myofibrilla 5Muscle fiber

YMuscle fiber
= Myofibril 43 )5
\

— Heads
— Actin-binding site
— ATP- and ATPase-binding site

Molecules composing thin and thick flaments

G-actin  F-actin Myosin-binding site

b Thin filament

Skeletal Muscle: Thick filaments Thin filaments

Two pairs of light chains




Electron micrograph of skeletal muscle and corresponding molecular structure of a sarcomere
85 b & s Clodld cuilS faie
S b 4 (ST 0ussS hase Julge

[l titin molecules anchor [ thick filament to Z disks in [ sides

% o-actinin a componenet of Z disk
*  Intermediate filaments (Desmin and vimentin) secure the periphery of the Z-disk of neighboring

myofibrils to each other
*  Dystrophin and other proteins bind myofibril [N

Sarcoplasmic Reticulum & Transverse Tubule System

sarcolemma

Zline

Zline

T tubule terminal cisterna
of sarcoplasmic
reticulum



Mechanism of Contraction

Nuclear bag fiber |

External capsule

y >E—a\ ___—Group Il sensory

fibers
Nuclear chain fiber |-

. Static ymotor
neuron

Primary ending
_ of group la
afferent fiber

_— Nuclei

_—— Internal capsule

~ Subcapsular space

T Extrafusal fiber

Hlustration continued on following page

Calcium ions bind to troponin. Troponin changes shape, moving tropomyosin on the actin to expose active sites on
actin molecules of thin filaments. Myosin heads of thick filaments attach to exposed active sites to form _

3 Types of Skeletal Muscle Fibers=s slec Lol

Red fibers: High myoglobin, Many/mitochondria(ctyctom=acidofil), slow contraction, oxidative
metabolism, mammal limbs, migrating bird flight muscle, low glycogen

White fibers: low myoglobin, fewer mitochondria, breast muscle of chicken and turkey, rapid
contraction, low endurance, anaerobic, high glycogen

Intermediate fibers: properties are between extremes of red and white

Muscle spindle

nuclear chain fibers nuclear bag fiber:



Cardiac Muscle
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Q Caions of extra cellular
matrix enter the cells
through T-tubule and
calcium-sodium channels

O  Has more mitochondria
(50% of volume), lipid
droplets, abundant
myoglobin

Smooth Muscle
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Calmodulin( 5% <)

imentin and desmin
Caveolae







