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ANIMAL STRUCTURE & FUNCTION

BASIC TISSUE IN ANIMAL

Learning outcomes

After this lecture, students should be able to:

e Describe the basic tissue of animal and the basic
structure of the tissue

e Explain the type and example of epithelial tissue
e Explain the type and example of connective tissue
e Describe the type, structure and function of muscle

e Describe the type, structure and function of nerveous
tissue



THE HIERARCHY OF STRUCTURAL
ORGANIZATION IN AN ANIMAL

Structure fits function in the animal body

— Anatomy is the study of structure

— Physiology studies how structures function

— The functions of the various parts of the body result

from their specific structures

— Example: Flight apparatus of birds provides strength,
support, insulation, stability, minimal weight
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Animal structure has a hierarchy

Structure in the living world is organized in a series of hierarchical levels

Cell

£

Chief cell

Cell: smallest independent unit of life
Tissue: integrated group of cells that perform a specific function
Organ: two or more types of tissues that together perform a specific

task
Organ system: multiple organs that together perform a vital body

function
Organism: integrated unit made up of a number of organ systems

functioning together

Tissue Organ Organ system

Stomach

Epithelial tissue Digestive system



An Overview

Tissues are groups of cells with a common structure

and function

— The cells composing a tissue are specialized to perform

a specific function

— In almost all animals, most body cells are organized into

four main categories of tissues
— Epithelial
— Connective
— Muscle

— Nervous

Epithelial tissue covers the body and lines its

organs and cavities

Epithelial tissue occurs as sheets of closely packed cells

anchored to underlying tissues by a basement membrane

Epithelial tissue functions in protection, secretion, and

exchange Apical surface

- . % "= _Basal surface

— —Basal lamina
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Polarity of epithelia
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» Categories of epithelial tissues
« Simple: single layer of cells
« Stratified: multiple layers of cells
» Shapes: squamous, cuboidal, or columnar

Free surface of
epithelium

Basement
membrane

Underlying
tissue

A Simple squamous epithelium

(lung)

D Stratified squamous epithelium
(esophagus)

Layers of
dead cells

Rapidly dividing
epithelial cells

Colorized SEM

E Stratified squamous
! . epithelium (skin

(intestine) P ( )
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Simple Epithelial Tissues Stratified/Pseudostratified Epithelial Tissues

Type: Simple squamous Type: Stratified squamous

Composition: Single layer of flattened cells Composition: Multiple layers of flattened cells

Fi i Allows sub to pass by diffusion and osmosis Functions: Protects areas subject to abrasion; prevents water loss and infection
Locations: Lining of blood vessels, alveoli of lungs, glomeruli of kidneys Locations: Outer layer of skin, lining of body openings

Nucleus

membrane

Type: Simple cuboidal Type: Stratified cuboidal

Composition: Single layer of cube-shaped cells Composition: Multiple layers of cube-shaped cells
Functions: Secretes and absorbs substances Functions: Conveys sweat; secretes hormones
Locations: Glands, lining of kidney tubules Locations: Sweat gland duct, ovaries

Nucleus

Basement
membrane k

Type: Simple columnar Type: Pseudostratified columnar

Composition: Single layer of column-shaped cells; may be ciliated Composition: Single layer of columnar cells with staggered nuclei;
Functions: Secretes and absorbs substances; sweeps egg/embryo may be ciliated

along uterine tube Functions: Secretes and propels mucus

Locations: Lining of digestive tract, bronchi (ciliated), uterine tubes (ciliated) Locations: Upper respiratory tract (ciliated)




Connective tissue binds and supports other
tissues

The various types of connective tissue consist of
sparse cells in an extracellular gel matrix

— Loose connective tissue
— Fibrous connective tissue
— Adipose tissue

— Cartilage

— Bone

— Blood

Cartilage-
forming
cells

7

Matrix

Cell
nucleus

D Cartilage
(at the end of a bone)

Collagen
fiber
- Central
B Fibrous connective canal
:;S:::n()formlng ° YR Y 8= Matrix
Cell *+'— Bone
Collagen fiber 1Co by fOIi:nlng
A cells
Elastic fibers 09
©90%”
tissue (under the skin) F Blood
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Connective Tissue

Loose connective tissue

Collagenous fiber

f % it |

Elastic fiber

Fibrous connective tissue

§:|'-
(=
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Nuclei
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Blood...why?
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Chondroitin sulfate

Adipose tissue
e\ [

y /./._;/>Fat droplets

150 um

Type: Loose connective tissue

Composition: Fibroblast cells in loose matrix of elastin and collagen fibers
Functions: Holds organs in place; attaches epithelial tissue to underlying tissue
Locations: Under skin, between organs

Collagen fiber

Elastin fiber

Fibroblast

Type: Blood

Composition: Red blood cells, white blood cells, platelets in plasma matrix
Functions: Transports gases, nutrients, wastes, hormones

Locations: In arteries, veins, and capillaries

*dP

Red blood cell

White blood cell B

Type: Dense connective tissue

Composition: Fibroblast cells in dense matrix of elastin and collagen fibers
Functions: Connects muscle to bone; connects bone to bone
Locations: Tendons and ligaments

Type: Cartilage

Composition: Chondrocytes in matrix of fine collagen fibers
Functions: Flexible support

Locations: Ears, joints, bone ends, respiratory tract, embryonic skeleton

=
) & - N

Collagen fiber Cartilage cell
(chondrocyte)
Fibroblast Collagen fiber
M Soum um
Type: Adipose tissue Type: Bone

Composition: Fat cells (adipocytes) in minimal matrix
Functions: Stores fat for energy and insulation
Locations: Beneath skin, between muscles, around heart and joints

Lipid droplet
Matrix

Nucleus
Cell membrane

Composition: Osteocytes and other cells in matrix of collagen and minerals
Functions: Firm support
Locations: Skeleton

Mineralized R ¥
extracellular S w0 \

matrix [
Space for
blood vessel

Osteocyte
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Figure 6-1. Schamatic

Asal mulanya sel-sel pada jar. ikat

JARINGAN IKAT

= Jar. lkat : a. sejati : kendur dan kencang

= Jar ikat penunjang : rawan dan tulang

= Jar ikat khusus : lemak (dominasinya oleh sel lemak)

» Rawan: selnya dis. Kondrosit, yg menghuni suatu ruang dis. Lakuna
» Substansi dasar berupa gel, di dalam matriks ada serabut2

Macam rawan:

= R. hialin: transkulen, perikondrium padat, seluler: daerah kondrogenik,
memiliki kemampuan utk membentuk rawan. Adanya tumbuh aposisional,
adanya kel isogen (tumbuh interstisial dr kel isogen)

= R. elastin: dominan serabut elastin (fleksibel)

» R. serabut: banyak kolagen, sel2 rawan tersusun sejajar dg serabutnya



HYALIME CARTILAGE

} Penchondnum

—— Termonal
matrix

Lacunae withaul
chardrocyles

lsogenaus group

—— Chondiccyles
in lacunac

- Porchondrum

Il - Calagen tihers

Figure 7-1. Diagram of the types of cartiloge.

e =
igure 7-11. Light micrograph of decalcified com-

act bone (x 132). Savaral osteans are displayed with
8ir tric lamellae. A Voll ‘s canal (V) is alse dis-
layed.

Figure 7-2. Light micrograph of hyaline cartiluge
{= 270). Observe the large ovoid chandrecytas (C] ropped
in their locunoe. Directly above them are the elongated choa-
dreblasts, and ot the very top is tha parichondrium {P| and
the underlying chendrogenic cell layer.

3 jenis rawan : elastin,
serabut, hialin

R. Serabut : tidak ada
perikondrium

i
'
ey

F ALY

7-10. Light micrograph of undecalcified
ground bone (x 270). Observa the haversion system con-
taining the havarsion canal [C] and concentric lamelloe with
locunae with their canaliculi {orrows).

Sistem Havers pada tulang kompak
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Skin

Connactvwe tisswe ———

Spangy Lane —1:

Connective lissue

v
Mesenchyme I Oslectlasls [ Ostevcyles
Collagen  Ostaoid Primary bone tissue
fibar (rabecuae)

Figure 7-6. Light micrograph of intramembranous
ossification (< 540). Osleoklasts {Ob) line the bony spicule
whare they are secrefing osteoid onto the bene. Osteodasts
[Oc} may be obsarved housed in Howship's lacunoe.

Penulangan intramembran: mesoderm kondensasi, jadi osteoblas,

jadi osteoid, mengalami mineralisasi

Osteoblas: menghasilkan matriks tlg yg belum termineralisasi

Osteosit: lakuna, juluran2 sitoplasma, kanalikuli

Osteoklas:merombak tlg (remodelling), inti banyak, fusi dr sel2

osteogenik

Figure 7-14. Dicgrom of endachondral bona farmation.

Penulangan
endokondral:
melalui rawan,
rawan dirombak
menjadi tulang



Chapter 7 8 Cartilage and Bone
Canaliculi

Haversian
canal

Lacuna ;% I

HEG22it
e
N T o

Vedamann's canal
[with Blocd vessel)

Sharpey's libers
Parosteum

Oular circumfarential
lamelae

Marrow cavity

Cancellous bone

igure 7-9. Diagram of bone illustrating compoct cartical bone, csteons, lamellae, Volk ’s canals, h ion canals, lacu-
32, canaliculi, ond spongy bone.

Proses
penyembuhan
Nawly formed
prmary bona S C patah tulang

~Newly formed
c sacondary bone

Figure 7-17. Diagram of the evenls in bone fraciure repair.



Muscle tissue functions in movement

Muscle tissue consists of bundles of long cells called
muscle fibers

= Skeletal muscle is responsible for voluntary body
movements

= Cardiac muscle forms the contractile tissue of the
heart

= Smooth muscle moves the walls of internal organs
such as the stomach, bladder, and arteries

Unit of 7 Muscle

muscle Muscle N\ fiber Junction

contraction fiber f between
\

Nucleus two cells

A Skeletal muscle

3 & L
) oA
4 g

C Smooth muscle
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Type: Skeletal muscle

Composition: Elongated cells, each containing many nuclei; striated
Functions: Moves the bones of the skeleton; voluntary

Locations: Attached to bones

Nucleus

Muscle ﬁber«[

LMI_I

Type: Smooth muscle

Composition: Spindle-shaped cells, each containing one nucleus

Type: Cardiac muscle

Composition: Short, branched cells, each containing one nucleus; striated
Functions: Contraction of atria and ventricles in heart; involuntary
Locations: Walls of the heart

Nucleus

Intercalated
disc

Functions: Slow, involuntary movements
Locations: Digestive tract; arteries

Muscle fiber—

Nucleus

Epimysium

Chaprer § ® Muscle 133

Endamysium

3 jenis otot:

1. Otot rangka:
melekat pd

SKELETAL MUSCLE

SMOOTH MUSCLE

CARDIAC MUSCLE

Fascicle
Endomysium . Sarcclemma~_

komponen2
rangka, shg
rangka bisa
bergerak

Sarccplasm

Nuclous

2. Otot polos:
dinding2
organ:sal
penc.

3. Otot jantung:
di jantung

Mucleus in central

plasm

Asal
usul :MESOD
ERM

gure 8-2, Diagram of the three types of muscle. Top, Skelelal muscle; conrer: smocth muscle; onon, cordiac muscle.



Figure 8-16. Photumicrogroph of cardi le in longits-

m :::é:f‘lxmsor:onirogroph of o longitudinal section of dinal section (x 540).
31
Otot rangka Inti di tepi Otot jantung: inti di tengah

Figure 8-23. fPh icrogroph of h muscle in cross-
Figure 8-22. Photomicrograph of h muscle in longilu- saction (= 540).
dinal secticn {x 540).

Otot polos: memanjang Otot polos: melintang



Intercalaled disk

jure 8-17. Phalomicrograph of cardiae muscle in cross-

stion.
B Fascia Desmosame Gap junclicers
adherens

Figure 8-18. Schematic diagram of cardiac mus-
cle. A, Threa-dimensional views of tha intercalated disk.

B, Twodimensional view of the inlercated disk, displaying
adbering and communicating junclions. ;

Chapter § ® Muscle

Bunde of
muscls livars

One muscia fibar

H band

Aband

One myolibal Sarcomare
Figure 8-4. Diogrom of tha crganization of mycfibrils and sarcemeres within o skelatal muscls call.

Transvarss

tubule Sarcolkemma

Riyofibot

Mrochardrion

A band 1 band

Figure 8-5. Dicarcm of the crganization of tricds and sarcomeres of skeletal muscle.



Sarcornars

Z hisk

Beotisannns

Rt Baand Nebulin

o o
q

S, So _——
-——— Heavy meromyosin — -

(=)

Figure 8-8. Diagram of a sar =3 o irs
Ponents. A, Sarcomare; B, crosssecticnal profiles of sar-
comere al indicarad regions: €, thick and thin filamants -
D, myosin moleculo.
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Py I8 redeased, resuling i a
o conlommatianal allsration of the

ATP prasant on the S, fragment S, Iragment,

is hydrotyzed, and the camplex binds

1o the activa ste on aclin. 0

ADF Is also relaaged and the thin
aD fament is draggad toward the
canter of Ihe sarcomere.
g e

Anew ATP molecule binds 1o the §,
Iragment, which causes the mlsase
of Ihe bond betwaan actn

and myasin,

gure 8-10. Diogram of the role of ATF in musele contraction, {Modifiad from Alberts, B., Bray, D, lawis, )., Roff, M., Roberts,
« and Walsan, 1.0 Mclecular Biology of the Call. New Yeek, Garland Publishing, 1994.)



Nervous tissue forms
a communication network

= Nervous tissue senses stimuli and rapidly transmits
information through the body

= The neuron is the structural and functional unit of nervous
tissue

— Specialized to conduct electrical impulses
— Consists of cell body, axon, and dendrites
— Nourished by supporting cells

‘?j i
s ) d N
o 7 g

Type: Nervous tissue

Composition: Neurons, neuroglia
Functions: Detects stimuli, conveys information throughout body
Locations: Brain, spinal cord, nerves

Netfron

Nucleus
- L

Schwann
cell nucleus

’

I
’
-

-3
Doz

Myelin sheath
Synapse

LM 330X
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Nuclear bag fiber 2 - External capsids

Tarminal narve  Schwana cell Axon
nuclsus

= ———— Trad ending ol

Nuclear chain fer —  efferent fibse

"t Etlerant fiber

Primary ending
——of group la
atterent ther

a. Myoneural junction
b. Diagram berkas otot

Bipolar Psaudo-unipolar
(retina) {dorsal root ganghon)

Macam-macam neuron

Figure 9-6. Schematic diagram of the process of
myelination in the central nervous system. Note that
unlike Schwann cells of the peripheral nervous system, each
oligodendroglion is copable of myslinating several axcas




Chapier 9 B Nervous Tissue

Dardniles
Matar neurcn
Axon llock

Collateral
branch

Muscle fiber

! N AR
Figure 9-29. Light micrograph of th

= .

e cerebellum

>\

showing its layers (< 132), Especially note the promi.
nant Purkinje calls.

Megarors : V7 Schwann cell
gure 9-7. Dicgram of the fine siucture of o myelinoted
rve fiber and its Schwann zell. [From Lentz, T.L.: Cell Fine Figure 9-8. Dicgram of the fine dructure of an unmyali-
vature. An Atlas of Drawings of Whale-Call Siructura.

nated narve fiber. {From Lentz, T.L: Call Fine Skucture. An

Atfas of Drawings of WholeCall Structure. Philadelphia,

ladelphio, W.B. Saunders Company, 1971.) W.B. Saundars Company, 1971



Proloplasmic
astrecyle

Figure 9-1. Light micrograph of the gray matter of
the spinal cord (- 270). Observe the multipclar nevrco
cell bedies and their processes.

i1
Iicragla Dligadcr;&ocﬂe
Figure 9-9. Diagram of the various typas of nevrogliol

zells

Macam-macam astrosit/glia sel

-
.

e SR gt

Figure 9-2. Light micrograph of a sensory gan-
glion (= 270). Obsecrve the large neurcnal cell bodies with

singular nucleali.

ipineurnum

fanraurium

igure 9-22. Diagram of the structure of o nerve bundle.

Berkas saraf : epineurium, perineurium, endoneurium, fasikulum
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A Nommal neuran Mosmal
Injury muscla

Rator
ard plate-

B 2 wacks after injury

T Peripheral nindaus

€ 3 weeks after injury

Regenerasi saraf

T Axan-gencirating
Schwann calls

D 3 manths after injury
Muscle ——
\* ‘\ Succossful nenve ragenemalion
,ﬂ'ﬁ

B

nerve l

£ Months aner injury
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CONNECTION

Artificial tissues have medical uses

= Many, but not all, body tissues are self-repairing
= Artificial tissues can assist in the healing of tissues that
cannot recover on their own
— Skin
— Cartilage, teeth (under study)




Organs are made up of tissues

. 7% ~ »Small intestine
= Each organ is made of "', LK_..\ S eut open)

. l. o)
several tissues that W( -
collectively perform Lm
specific functions AT
— In some organs, tissues el
are arranged in layers Connective tisste ) N

= An organ performs
functions that none of its Smooth muscle__
component tissues
could carry out alone Connective tis

Epithelial tissue—
Pearson Education, Inc. Publi

ishing as Pearson Benjamin Cummings. Al rights reserved.
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Organ systems work together to perform life
functions

There are twelve major
organ systems in

F. Excretory system
vertebrate animals G. Endocrine system
H.

A. Digestive system Nervous system
Respiratory system |. Integumentary system

Circulatory system Skeletal system

m o O W

J
Immune system K. Muscular system
L

Lymphatic system Reproductive systems



A Digestive system
Mouth >

Esophagus
Liver

Stomach

Small
intestine

Large
intestine

Anus
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C Circulatory system

vessels

B Respiratory system

Nasal cavity
Larynx
Trachea

Bronchus

Lung

D Immune system
E Lymphatic system

Bone marrow
% (™
Thymus i~ |
i u;\) N
Spleen

Lymph nodes &/ - \

Lymph vessels ﬁ
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F Excretory system G Endocrine system

Pituitary
gland

Thyroid

Kidney gland

Ureter Thymus

Urinary
bladder

Adrenal
gland

Urethra Pancreas

Testis
(male)

Ovary
(female)

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummir  copyright @ 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

H Nervous system | Integumentary system

Skin

Nails

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummii ~ Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



J Skeletal K Muscular
system

system

Skeletal

Cartilage muscles

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.
Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

L Reproductive system

Female

Prostate
gland

Vas
deferens

Oviduct

Urethra Ovary

Penis Uterus

TeStiS Vaglna
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CONNECTION
New imaging technology reveals the inner body

X-Rays
= High-energy radiation passes through soft tissue

= Hard structures (teeth, bones, tumors) show up
most clearly on film

= Problems: don't show soft tissue, are only 2-D, can
cause cancer in large doses

Computed tomography (CT)

= Computer-assisted X-ray technique

* Produces images of a series of thin cross sections
through the body

= [mages can be studied individually or combined
into 3-D views

= Excellent diagnostic tool, especially for abdomen
and brain
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Magnetic resonance imaging (MRI)

= Uses powerful magnets to align hydrogen atoms in
water

= Allows visualization of soft tissues; dense
structures nearly invisible

— Particularly good for detecting problems in nervous
tissue surrounded by bone

Magnetic resonance microscopy (MRM)

= Provides three-dimensional images of very small
structures

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



Positron-emission tomography (PET)

= Scanner detects radiation taken up during
metabolism

* Yields information about metabolic processes at
specific locations in the body

= Most valuable for measuring brain activity

— Alzheimer's disease, epilepsy, stroke

—_

HEARING SEEING
WORDS WORDS

SPEAKING GENERATING
WORDS WORDS
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EXCHANGES WITH THE EXTERNAL ENVIRONMENT

= Structural adaptations enhance exchange between
animals and their environment
— An animal must exchange materials with its
environment
— Oxygen and nutrients enter
— CO, and metabolic wastes exit

— Only molecules dissolved in water can move across the
plasma membrane

— In small, simple animals, each cell has enough surface
area to meet its needs by direct diffusion and active
transport

Diffusion

Gastrovascular
cavity

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.




Larger, complex animals have less surface area
relative to volume

= Rely on specialized surfaces for exchanging
materials with the environment

— Interstitial fluid provides for indirect exchange
between blood and body cells

— Branching and folding increase surface area of
the lungs, intestines, and kidneys

External environment

co
Food R
Mouth\
o )| Respiratory
Digestive 0 system
system
\\ Interstitial
\\ fluid
-
Nutrients Circulatory X
system g -
// Body
cells
Excretory
Intestine system
Anus/
Unabsorbed Metabolic waste
matter (feces) products (urine)
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Animals regulate their internal environment

= The internal environment of a vertebrate is the
interstitial fluid surrounding the cells

* |[n response to changes in external conditions,
animals regulate their internal environment to
achieve homeostasis, an internal steady state

— Homeostasis is a dynamic state with constant small
fluctuations
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External .
environment
Internal
environment
Homeostatic \/\/\/
mechanisms
Small
fluctuations
Large
fluctuations
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Homeostasis depends on negative feedback

= |n negative feedback, a change in a variable
triggers mechanisms that reverse the change

* Negative feedback mechanisms keep internal

variables fairly constant, with small fluctuations
around set points

= |n animals, most control centers that maintain
homeostasis are located in the brain

1l Sweat glands secrete sweat
{

|| < that evaporates, cooling body
Thermostat in brain =
»

activates cooling 4
mechanisms @

Lo S
. ;(;f Blood vessels in
skin dilate and

heat escapes

Temperature rises Thermostat shuts off Temperature
above normal cooling mechanisms decreases

Homeostasis:
Internal body temperature
of approximately 36-38°C

Temperature Thermostat shuts off Temperature falls
increases warming mechanisms below normal

Blood vessels in skin
constrict, minimizing

¢ g 2
< (g v
heat loss ‘y/_'*;;—;}/

; E E Thermostat in
brain activates
warming

Skeletal muscles rapidly mechanisms
contract, causing shivering,
which generates heat
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