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Histology

This lecture will be leading students to
understand the microanatomy (g #cf# 3
£ ) of cells, tissues and organs, and to
correlating their structures with functions.

Methods (Microscopic techniques)

» Tissue preparation :
— Invivo (7 %8)
— Invitro (3%8)
» Auxiliary (3 4) techniques :
— Histochemistry (i3 f* &) and cytochemistry(im# i §)
— Immunocytochemistry (& £ fm%e it &) and insu
hybridization (J =32 & - DNA or RNA)
— autoradiography
* Microscopy :
— Light microscope (LM)
— Electron microscope (SEM, TEM)
— Atomic force microscope (& + # & B ficdn -AFM)




Routine Tissue Preparation

Fixation (7] &) : the first step
— Chemical fixation (formaldehyde-® g%)
— Physical fixation (temperature)

Embedding (¢ 32):

— Paraffin (% i)

Section (¥ %) :5~15 um
Staining (% ¢ ) :

— hematoxylin (g * %) and eosin (# %)
Examination (&%) :

— light microscopy

Fixation
o The first step

* Functions :
— Structural preservation (%1% %fﬁ)
— Terminate cell metabolism (% 1 & 3#F &)
— Prevent structural degradation (1 it #i¢ 2 j2)
— Kill pathogen (%5 7 i)
— Harden tissue (3 4 / & )
* Methods :
— Chemical fixation (formaldehyde)
— Physical fixation (temperature)




Hematoxylin and Eosin Staining

Tir-e 4 ] T

In situ Hybridization Techniques

e Detection for DNA or RNA

* In situ hybridization :
— Complementary (= #) probe (3% %) :
« oligonucleotide probes (oligo-%)
— Single amplification :
« PCR
« RT-PCR
— Label :
* Isotope (F =%) :

 Fluorescence (¥ &) dyes :
— FISH (fluorescence in situ hybridization) procedure




Examination a Tissue Slide

* Tissues are three-
dimensional structures

— From two-dimensional
images to three-
dimensional structures

o Artifacts (X % % 3%):
— Fixation
— Dehydration (*t-k)
— Embedding
— Section
— Staining
— Mounting (§* #)
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Atomic Force Microscopy
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Diverse Form, Common
Challenges

* Evolution (& 1) :
— Diversity ( % #1+)
* habitat, form, function
« Adaptation (ig &) :
— Anatomical adaptation

— Physiological
adaptation

Campbell & Reece (2011) Biology 9thed, fig 40.1

— Behavior adaptation

How Physical Laws Constrain Animal Form

* Physical laws limit :
— Materials exchange (4 & < #) :
— Energy exchange (it £ % #%) :
— Force interaction (# % 3 %) :

* Size and shape affect the way an animal interacts with
its environment

» Physical requirements constrain what natural
selection (% #) can “invent”
— Convergent evolution (% /5 1)

— Many different animal body plans have evolved
and are determined by the genome (£ %))




Exchanges with the External
Environment
« Diffusion (3%4%) :

— External environment

— Epithelium (1 & =3%%)

— Interstitial (2.3 &) environment
* Cells
e Interstitial fluid

» Passive transport (& # i& ﬁ]) :
» Active transport (i # & #) :




Exchange with External Environment

e Organism (2 = BH) and oo
environment interaction i
— Aqueous (-k) environment

— body size - Mouth

» material exchange : Gastrovascular

(a) Single cell ey
* energy exchange 2 Exchange
e Physical laws | A/
— Surface-to-volume relations 5 Exchan{g 2
— evolution N S
. — % \\\__\.. _/'

— adaptation 1mm

(b) Two layers of cells

Internal Exchange Surfaces And
Homeostasis (12 2}k i&)

External environment

Food
Mouth~_
=

l ." -" “ ‘- - k|
. Respiratory -. - I .‘a"

SyStim Lung tissue (SEM)

Digestive ¥
system ..
Y [ Interstitial
fluid

50 pm

Blood vessels in

Lining of small
kidney (SEM)

intestine (SEM)

Unabsorbed Metabolic waste products
matter (feces) (nitrogenous waste)
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Hierarchical Level (F¢ & ) of Structural
Organization in an Animal

Differentiated cell types Tissues Organ Organ system Organism
(kidney) (urinary system)
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» Cells with similar properties group to form tissues
» Tissues combine with other types of tissues to form organs

» Organs are anatomically or functionally linked to form
organ systems

Tissues

e An organized aggregation of cells
that function in a collective manner.

— Cellular communication
— Cellular cooperation
— Cell interaction




Tissues (%)

* Define :
— groups cells with a common structure and
function
» Four main categories (¥ %]) :
— epithelial tissue (£ & %)
— connective tissue (& 4 2.3%)
— muscle tissue (F“p e 3%)
— nervous tissue (# 5 1 3)

Tissues Classification :

» Epithelial tissue :
— cell layers
— shape of cells

* Connective tissue :

— Structures :

e Cells

* Extracellular matrix
— Classification :

» Connective tissue proper
— loose
— dense

» regular
» lrregular

» Specialized connective
tissue

* Muscle tissue :
* Nervous tissue :




Epithelium
e Structure :

— cover inner and outer surface of body and organs
— attached to basement membrane (% & %)

e Function :
— barrier Stratified sq
— absorption epithelium
— Secretion :
 glandular epithelium
— exocrine
— endocrine

» Classification :
— the number of cell layers

» Simple (¥ &) ~ ! — Pseudostratified
P v Cuboidal Simple columnar Simple squamous] columnar
* Stratified (’Fﬁ }i‘i ) epithelium epithelium epitﬁelium epithelium
— the shape of the cells Po60 -=.‘s‘r,'l=. o
+ Squamous (&) °@;;H Nl

« Cuboidal ()

e Columnar (FL4)

Glandular Epithelium

e EXxocrine: pore opening at surface of skin

— Mucus

— Saliva

Earwax

- Milk

- Oll

Digestive enzymes

rm.-u::ous. poison pigmented
 Endocrine : gland  gland cell

— Secrete hormones

* Mucous Membrane :
— Secrete mucous
» Lubrication
* Moistly
— Digestive tract
— Respiratory tract

- . - L = s‘. .
1992 ‘Wadsworth Publizhing Company/ ITH




1 neurGectogerm Eneuml I:res“ L)
1 » cranial and sensory ganglia and nerves B 1
1 « adrenal medulla
1 2l 1
1 = pharyngeal arch cartilages 1
« head mesenchyme and connective tissue 1
1 » Schwann cells surface ectoderm
1 neurcectoderm (neural tube) | * Sdenioblasts e O — ™ :
— . il s,
I ( + central nervous system T
1 e ¥ « anterior pituitary gland 1
1 o « enamel of theeth 1
o = internal ear
- posterior pituitary gland
I \ po: P ¥ o « comeal epithelium and lens of eye I
L i |
1 head mesoderm P == 1
[ . H
1 cranium (skull)
i « connective tissue of head s I
I\.\- dentin K‘ :
e, lateral mesoderm 1
endoderm S |
I, - ~ | = connective tissue and muscle of
1 epithelial lining of viscan . . :
« SH70US Mambranes ura,
= respiratory tract (trachea, icardi nd
beanchi, luns pericardium, and perifoneurn
: « Gl tract [|:I\:rsy]nx * blood and lymgh cells 1
esophagus, stomach, » cardiovascular and lymphatic l
| smalland large systems 1
I intestines) « sploen
= urinary bladder and | = adrenal conex )
I umachus = 1
I epithelal parts of N . |
| « thyroid gland paraxial mesoderm . intermediate mesoderm 1
e Y
|| - hympank cavity (- sketotal muscio of trunkand. ) [« urogenital system including 1
I » Buiiory lube limbs except cranium gonads, ducts and accessory
» tonsils = muscles of head glands I
| - pasainyroid glands « dermis of skin | | 1
J o ier « connactive tissue 4
l\- pancreas - I
-~ J 1

Connective Tissue

Common Structure :

— a sparse population of cells scattered through an
extracellular (i % #t) matrix (& %)

Function :

— Binding and supporting for other tissues
Extracellular matrix :

— fibers

— ground substance

Cells :

— fibroblast (% s&# *w#2), macrophage (E ¥ . %)
Fiber types of connective tissue :

— collagenous fibers (collagen-%% j % &)

— elastic fibers (&4 4 1)

— reticular fibers (e % &)




Loose connective tissue

Collagenous fiber

Plasma

White
blood cells

55 pm

Red blood cells
Fibrous connective tissue

| & al A [ - =
1 ? ; — Chondrocytes
% . : I ' .
=) " 1 R,
™

Nuclei

=Fat droplets

!

150 pm
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collagenous fiber collagenous

fibroblast Hoses
. collagenous fibroblast
elastic fiber fibers
TYPE: Dense, regular

TYPE: Loose connective tissue TYPE: Dense, irregular connective tissue
DESCRIPTION: Fibroblasts, other connective tissue DESCRIPTION: Collagen fibers in
cells, plus fibers loosely arranged DESCRIPTION: Collagenous fibers, parallel bundles, long rows of
in semifluid ground substance fibroblasts, less ground substance fibroblasts, little ground substance
COMMON LOCATIONS: Under the COMMON LOCATIONS: In skin and COMMON LOCATIONS: Tendons,
skin and most epithelia I d some org ligaments
FUNCTION: Elasticity, diffusion FUNCTION: Support FUNCTION: Strenath, elasticity




Specialized
Connective Tissues

Cartilage P, ) |
— Cushions

— Bone formation K

Bone
— Spongy and compact S T e —
Adipose tissue n >

— Fat

Blood

— Transport

plasma platelet white blood cell

Neuron:

Nervous ™ g e

. Cell body
Tissue A
* Function :
— Sensor -
— signal transmission 5]
 nerve impulses (Fluorescent LM)
* Neuron : the functional unit | - 13
— cell body ' NS
— dendrites (B3 ) :
- impulses from ending to cell body AXonS of
— axon ($H3R):
« impulses from cell body to ending Bl°od

e T
(Confocal LM)




Muscle Tissue

Muscle Tissue

Skeletal muscle

Smooth muscle L Cardiac muscle

—
Nucleus Intercalated disk 50 pm

—
Nucleus Muscle fibers 25 \m

©2011 Pasrson Education, ing

skeletal muscle smooth muscle cardiac muscle
(striated) (non-striated) (striated)




width
of one
muscle
cell

cell
nucleus

TYPE: Skeletal muscle

DESCRIPTION: Bundles of
long, cylindrical, striated,
contractile cells

LOCATION: Associated
with skeleton

FUNCTION: Locomotion,
movement of body parts

© 2001 Brooks/Cole - Thomson Learning

cells
teased
apart for
clarity

TYPE: Smooth muscle

DESCRIPTION: Contractile
cells with tapered ends

LOCATION: Wall of internal
organs, such as stomach

FUNCTION: Movement of
internal organs

© 2001 Brooks/Cole - Thomson Learning




® 2001 Brooks/Cole - Thomson Learning

junction
between
adjacent
cells

TYPE: Cardiac muscle

DESCRIPTION: Cylindrical,
striated cells that have
specialized end junctions

LOCATION: Wall of heart

FUNCTION: Pump blood
within circulatory system




Organs and Organ Systems

- Organ (£7):

— different tissues are organized into the
specialized centers of function

— may surround with mesenteries (% #3%) in

body cavity

e Organ system (% 7

% si -
,J‘\ ,.%/b) .

— several organs are grouped into carrier out
some specific functions

e Organism (% # B 4}) :
— coordinate all organ system for survival

The Functions of Organ System

Digestive system

Nutrition and digestion

Respiratory system

Gas exchange

Circulatory system

Materials transport

Lymphatic and immune system

Defense

Excretory (&) system

Waste excrete

Endocrine (p 4 &) system

Hormone secretion

Reproductive system

Offspring production

Nervous system

Control and response

Muscular system

Movement

Skeletal system

Supporting and protection

Integumentary (& &) system

protection




Coordination and
Control

Control and coordination
within a body depend on :
— Endocrine system

— Nervous system

* The endocrine system :

— Hormones : chemical signals

— Signal transporter : blood

— Receptive cells : throughout the
body

Characteristic features :

— A hormone may affect one or
more regions throughout the body

— Hormones are relatively slow
acting, but can have long-lasting
effects

(a) Signaling by hormones  (b) Signaling by neurons
! Endocrine U
) —cell
% = Cell body
=~ of neuron
¥ , —Axon
. e Nerve /
Hormone— * "’“P"'Si/
Signal travels . Signal travels
everywhere. : to a specific
. location.
Blood f
vessel | Nerve
. II impulse
- - - - |‘
S . I Axons
o 00 o Ro /\
v L - -
. »
« P, 0@ -
Pespanse]
02011 Paarsen Goucation, lne.

* Regulator (# :}3‘;—‘5) :
» Conformer ("'Ei,%—‘,g'f):
e Homeostasis (& T i&) :
— Negative feedback control
* Sensor :
 Control center :

* Effector :
— Response :

Regulating and Conforming

Sensor/
,,,,,,,, y control center:
Thermostat
Response: turns heater off.
Heating stops.
Room Stimulus:
temperature Room
decreases. temperature
increases.
Set point:
Room temperature
at 20°C
Stimulus:
Room Room
temperature temperature
Increases. decreases.
Response:
Heating starts. Sensor/
Ty control center:
1 Thermostat

turns heater on.

l||(|||_||!I




Maximum and Minimum Metabolic Rate

500

A = 60-kg alligator

* Minimum metabolic
rate (& i1 & #hg ¥) ¢ Y
— Endotherm (p & 4+) :

* BMR (R ##* #tiE )

— Basal Metabolic Rate

— Ectotherm (¢} g & 4~) :
* SMR (-3 & ik &) :

— Standard Metabolic Ratt 0.5

* Maximum metabolic

Maximum metabolic rate
(keal/min) (log scale)
&

01
X g :-;:) . 1 1 1 1 1
rate (&% ! ﬁi =t . second minute  hour day week
Time interval
[ Existing intracellular ATP [l ATP from aerobic respiration
[C1 ATP from glycolysis B siR (alligator) or BMR (human)

Feed back Mechanism in
Thermoregulation

Response: ] Sensor/control
Sweat center: Thermostat

« Thermostat center : 148 © 1% m
 Hypothalamus (< at5) (g 69

i 36'38 o(-: ?Jzz?nv‘;?;.:? Stimulus:

Body Increased body
e Skin : “Gecreases. temparature
Homeostasis:
— blood vessels J,'?.',’Jé‘r‘?‘n??%
. , approximatel
— Sweat glands (i* Hﬁt) 36-36°C
. temmMrn Mml‘"s';:""sz
e Muscles : increases. Trine
_ . . w7 4l . Flespo:sa:
Shivering (¥g4) contraction Blood vessels 2
/ ‘.:‘.':__:. ‘H‘h- . =
i i Sensor/control

center: Thermostat
Response: Shivering in hypothalamus

83011 Prtracn Echcason




Regulating the - (= o |
Internal Environment ™ i
* Internal environment : ;%3“- wg;g
— interstitial fluid : g o7, | 85
* Homeostasis : - | | | )
— dynamic (# £ ) state o M A A

Time of day

- feed'baCk ContrOI (‘3" %g’;ﬁ;']) (a) :aﬂ:?ﬁo‘m:;ore body temperature and melatonin concentra-
on in
* negative (§ ) feedback :
* positive (it ) feedback : Start of T Lowest

melatonin secretion heart rate

o Circadian rhythm (% #)  areatest

muscle strength
— Set points and normal
ranges can change with age
or show cyclic variation

— every 24 hours

Lowest body
temperature

G am

Most rapid
rise in blood

pressure
Fastest

reaction time
Highest risk
Noon of cardiac arrest

(b) The human circadian clock

©2011 Paseson Dusation, e

Thermoregulation (58:§ 3 )

* Maintain internal body _
temperature within defined =
limits

» Ectotherms :

— obtain body heat primarily
by absorbing it from their
surroundings

 Endotherms :

— derive the majority of their
body heat from their
metabolism ()

R
(b) A lizard, an ectotherm

© 2011 e Eezaten, e




Thermoregulation

» Ectotherms Radiation
— Lower metabolic rate-SMR ‘\..:\ / Evaporation
— Cold blooded \ o it ;
* Endotherms - P
— Higher metabolic rate-BMR /// 4 - F,
— Warm blooded
» Heat exchange :
— Conduction (& %) , = T Hair
— Convection ($iw) Epidermis % §
- . _ A 2 -'-—_;;i,Swea
— Radiation (5 1) Lo ol TR pore
- Evaporation (ﬁ‘f’{) Dermis ‘ Muscle]
. 7 Nerve
* Insulation (# %) : I\ F G Sweat
- Skin Hypodermis ar\ gland
— Adipose tissue Adipose tissue 'E! E;
- hypodermls Blood uessels—{ Mol
™ Canada goose °°“¢L'F?.T'
Circulatory
Adaptation TE R
30 '::27" ‘é%:\;
 Blood flow control : o 2o

- Vaso-dilation (%‘ﬁ) U K:avwannhloou—-ﬂlnadllmr
— Vaso-constriction ({zg)

Cool blood —= Heat transfer

« Countercurrent (%ix) ol T g
exchange : s i\
— Vertebrate : £
* Blood Em-
— Insect :
 Flight muscle 25

0 ' 2 ' 4
Time from onset of warm-up (min)




Other regulations
of heat exchange

* Muscle contraction :

« Evaporation (Tzi%ﬁ'ﬂ

» Behavioral responses

* Physiological adjusting
— Shiver

- [Brown fat :Jf#f1%

* nonshivering thermogenesis

Chemical Energy Utility

* Energy Harvest : Organic molecules
n
— Autotrophs omironment
( N
— heterotrophs SRR Digestion ond -
« Energy require for : il el il
lost in
- SI‘OV\{th [ trant dr:oiaﬁules' :ces
— Repalr g inbody cells nergy
. . \H_m—'\::)i?r::;.enuus
— Physiological processes waste
- Regulation_ Carbon ,.,‘;:'.L';'SLH'M Heat
— Reproduction 000
» Bioenergetics : ﬂ
— the overall flow and
transformation of energy in an | Biosynthesis ﬂ

animal Cellular work W Heat
N .
Heat

* Quantifying energy utilization
— Metabolic rate :

201 Paarsin Fucaten, e




Quantifying energy use : Metabolic rate

e Define :

— the total amount of energy for an anlmal that used
in a unit time

* Energy unit :
— calories (cal)
— kilocalories (kcal)
» Metabolic rate measure :
— heat lose
— O, consumed (F[J*'])
— CO, produced
— Energy content of the food

Metabolic Rate and Body Size

« Smaller animals comparing with the larger animals :
— higher metabolic rate :
— higher breathing rate
— higher heart rate
— higher relative blood volume

— larger surface volume ratio :

« Endotherm :
— greater heat loss to surroundings

Shrew

Harvest mouse

BMR (L Oz/hrkg)
° 2 % @+ a2 3o

Mouse Sheep
Rat Cat Human Elephant

Ground o Dog Horse \

squirrel
» Ectotherm: 10° 102 10 1 10 107 10°
— greater heat gain from surrounding e eu 60y SO

* Physical support :

» Body size and shape affect interaction with
environment :

(b) Relationship of BMR per kilogram of body mass to body
size




Energy budgets (g &) of different
animals species and sizes

Endotherms Ectotherm

800,000 Reproduction
Thermoregulation

Growth
Activity
340 000
4,000 - \_! 4 -:\: 8,000%

Basal
(standard)

7 metabolism
ks P
60-kg female human 4-kg male Adélie 0.025-kg female deer | 4-kg female
from temperate climate penguin from mouse from temperate eastern

§ Annual energy expenditure (kcallyr)

Antarctica (brooding) North America indigo snake

# Paarson Education, inc

» Different species use energy and materials in food in
different ways, depending on their environment

» Use of energy is partitioned to BMR (or SMR), activity,
thermoregulation, growth, and reproduction

Adjustment to changing temperatures

» Acclimatization : %W i
— Stress-induced proteins :
— Heat-shock proteins
» Torpor (7Rf) :
— Hibernation : * &
— Estivation : § B
* Summer torpor
— Daily torpor :
— Small endotherms

Temperature (*C)

bowsa8588 o

—10-
=15~




Feedback circuits regulate digestion,
energy storage, and appetite

Energy budgets :

— ATP producing and using

Homeostasis :

. . Transport of

— Nutrient (¥ %) glucose into
« intake and consume:f,’:‘;f":,':fge

— Caloric utility ol ranadl

Caloric imbalance :

— Undernourishment

— Overnourishment
Appetite : 8 5

— Leptin (suppression)

— PYY (suppression)

— Insulin (suppression) ...
— Ghrelin (activation)

. " He

110

Breakdown
of glycogen
and release

of glucose
int‘o_‘bwlood

02011 Pusraon Dduzation, In

EXPERIMENT

Obese mouse with mutant
ob gene (left) next to wild-type

mouse
RESULTS ]
Genotype pairing
(renf’.l::’ap; '":r"':tes Average change
genes) in body mass (@)
Subject Paired with of subject
ob*ob*, db*db* ob*ob’*, db*db* 8.3
ob ob, db*db* ob ob, db*db* 38.7
ob ob, db*db* ob*ob*, db*db* 8.2
ob ob, db*db* ob*ob*, db db -14.9°
*Due to pronounced weight loss and weakening, subjects in this pairing were
reweighed after less than eight weeks.

02981 Pasracn Dducaion, Ine




Obesity (?# 7£) and Evolution

* Nutrient requirement :

 Evolutionary past :
— fat hoarding : to survive famines (443-)




