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Respiratory System

Condu :t.1 7 Syst :m
= Nasal passages
m Paranasal sinuses
1 layix ptary 1, tr: cl.ea
1 Bior rhi
Transitional System
= Bronchioles

Gas exchange
m Alveoli

Respiratory system has many other functions
Lymphoid system



Conducting Airway Function

m Condic. hur.di y and werm air

m Smell-find food, protection, pheromones

B AcCrotou0 2 of wratiir solabiz gases (SCZ; ()3)

m "Hilter" out all particles &~ 10 pm in nasal

cavity, partic

es F— 3 um % lung

®m Mucociliary c

earance of particles including

viruses and bacteria



Conducting Airway Function (cont)

m Protecttn: tefl :xes: sneez:, cougazriex,
broncho-constriction

B Xcudlnod 16w Cus —Jde ox fcaliim e g,
o factor ¢ pith shary L] 2 colle

B [mmune function

m Nonspecific defenses - interferon, lysozyme,
lactoterrin

m Normal flora - prevents colonization by

pathogens



Nasal Epithelium

Olfactory



NOT 30O BE

Conducting

<

Transitional

Exchange

Carina
Extrapulmonary

Respiratory

-
[ .
bronchiole Primary, secondary,

| and tertiary
/| bronchioles

~ Atrium
v . Alveolar sac

A

7 Alveolus




Comparative Respiratory

Anatomy/Physiology

: ‘ |
Atrway Foavizes Mc 1se lat | Human
|
Branching Pattern of Airways Monopodial Monopodial ‘ Dichotomous
Svmmetrical
Airwa T ene avons 13- 7 1920 o 17 ]
Respiratory Bronchioles Absent Absent Extensive
Cartilage and Submucosal
Glands in Intrapulmonary Absent Absent Present
Bronchi
Clara Cells Abundant Abundant Less Abundant
(bronchi/bronchioles)
Serous Cells in the Respiratory Absent Present Absent

Epithelium




Bronchi
Epithelium
m Pseudc s-rat fir d cil ‘ted
colum: ar = lls

m Basal cells
m Ciliated cells
m Sec =t ity cel ;
La nif,3 { *An11 L muc 0Sa
m Elastic fibers
Lamina muscularis mucosa
® Smooth muscle fibers

Propria - submucosa

Hyaline cartilage

Smooth muscle



Bronchial /Bronchiolar
Epithelium

e omcted ¢ zns
Sec atory cen
«Serous ard 1iuvuus cells
decrease distally and Clara cells
increase distally




Bronchioles

m Ep thel un

= Simple columnar or
cuboidal

m Cil at3d cel 3
m Clara cells
® NO mucous cells
m Respiratory bronchioles

® In some species




Bronchioles — Clara Cells

NOILLO BE

"'-% -t ‘hm

EPRODUCE

® Non ciliated, columnar

¢

B Secretory

® Cytochrome P450 enzyme rich
m Similar to hepatocytes in liver
m Species dependent

m Also present in some alveolar cells



Gross Anatomy of the Lung

B Basic aiacnw:
= Right side
m (Crania]
« N mawe
m Caudal

m Accessory

m [ eft side

m Cranial (divided in most

species)

m Caudal



Comparative Respiratory
Anatomy/Physiology

h il
Lung Feat 1o Cat le, Pig | che.p, (voa:s | Horses,
‘ Humans
Lobati .. Gor . Gcod I Door
Secongary e TS o | Sou 2 T oor | _—Z_.nplete
Collateral Ventilation Poor Good
Pleura Thick Thick Thick
Muscular layer of Thick Thick Thick
pulmonary blood vessels




Paleopulmonic . Neopulmonip
parabronchi T parabronchi
NS S b

Birds

A L]
Abdominal . L X1. S AL O

m Parabronchi and

Caudal thoracic

i g

Necpulmonic

Paleapulmonic parabronchi

parabronchi

Abdominal

Clavicular Caudal thoracic

Cranial thoracic

Expiration




Reptiles

m Reptile;
m Faveoli
r S0t mroscle 2 vhe
1 g walls

m (Classified according to
chambers o
m Unicameral siles ’5' :

wall foy s ¥
' '.':- 4% S
m Paucicameral /1,‘.‘3' 3
m Multicameral Inner ! §

trabecular
netwark




Pulmonary Region - Mammalian

® Acinus

o Branching
respls *+vy
()0 unclliule

m Alveolar duct

m Alveolar sac

m Alveoli




Lung Structure




Lung Cell Types — about 36

m Alveo ar el t pes
m Epithelium-Type I and Type II pneumocytes
n Cat)iﬂa y «1C v 2l M ouacenn stra ZCf].\/

\' N acro) hage |
B Interstitial cells

m Fibroblasts
m Contractile cells (myofibroblasts)
m Interstitial macrophages

m Dendritic cells (antigen presenting)



Alveoli

B Pulmoriawv a'vec lar
macrophages
B Bood w 0aaiat
1A intmg |
m Surfactant
m Type 1 pneumocyte

m Fused basal lamina

m Capillary endothelial cell
s NO lymphatics




Alveolar Epithelial Cells

- Tyte 1 F ree M ooeyes
(me nbt: nou s)
s Flat/squamous

® Nucleus protrudes into the
alv o'arior ien

m 97 o ~ the alvec ar - arface
m Do not divide

m Type 2 pneumocytes (granular)
m Cuboidal
m Microvilli
m Secrete surfactant — lamellar

bodies -

m Progenitor cell

m Are phagocytic




Proliferating Type 1II Cell




Endothelial Cells

B Gasec it ge fui iction

m Attenuated, large surface area

1 Hg:Igier_rtibe to Dy iy, € g. « 3 ygen, <24t tio 1,
endotoxin

m Metabolism of endogenous and exogenous
compounds

m Progenitor cells



Macrophages

B Alveo at
B Interstitial

B 1 travascular - s rrin uts, cats, Lossis,
marine mammals — similar to Kupftfer cells in
liver



Macrophages

B Play imnortart volac in
® Host def ne — pha socytosi; — tan ¢ limi ate b cteria without
inflammation
m Inflammation — cytokines release, etc
NI RS s e oA B
= Fc for antibody
Complement
TNF
CD40
Toll-like - recognition of microbial components

FAS — for apoptotic cells

“Scavenger”



Macrophages

m Alveo ax
® Live for a few days
I dicace wey fow how Ty ¢l anis won 2 ua
feof 1tm nt fi ot Loter st tiv.n
® Removed by mucociliary escalator
m Interstitial
m From bone marrow/blood monocytes
m [ive for weeks/months

® Enter alveolus or removed via lymphatics



Immune System

m T-lymphocytes in respiratory epithelium
BT ac DCen maTaCeSiLor U Yo 1a
m [lasma cells in mucosa produce lgaA

B Dendritic and other APC cells

m Organized lymphoid tissue (MALT: BALT and
NALT) — covered by M-cells (moditied
epithelial cells)

m Draining lymph nodes



Immune System

m Alrwa s - 1¥A —freven:s . tta chn en: ind
absorption of antigens (immune exclusion)

B ns To(s (o [(E:rdaz V) - proinntes
uptake and destruction ot inhaled pathogens by
phagocytic cells (immune elimination)

m [oG — acts as opsonizing antibody for alveolar
macrophages and neutrophils



Additional Components of the Lung

m Other cel \vprs
m Mast cells

1 Meluoe 12o0tue cel s (arvay ¢ pith ot )

m Collagen
m Type IV — basement membrane
m Type III — increases early after injury

® Type I — increased late after injury

m Elastic fibers



Portals of Entry into the
Respiratory System

e NO T TO-BE.

fungi, toxic gases, and
pneumotoxicants

REPRLDLIGED

Direct extension Penetrating wounds, migrating
awns, bites, and ruptured
esophagus or perforated
diaphragm (hardware)




Vulnerability of Respiratory Tract

B Aerog:h Ls em.pc sure
m Extensive surface area exposed (human - 200 m?
' Lrrgevounceof aic(huaar - 9,(001/d v
m High concentration ot noxious agents in air
m Bloodborne exposure
= Entire cardiac output of right ventricle

m Fxtensive surface area of capillary bed (human —70
m?)



Particle Deposition and Clearance

B Deposit.c r. — 1iar icle ttappine;
B Impaction
S - a0 un - nanal 1. 1C e

' 10 1m - trachee!l ar A Lroacia! Fifl vent) ~e

® Sedimentation/diffusion — < 2 um — broncho-
alveolar region

m Clearance — sneezing, coughing, mucociliary
clearance and phagacytosis most important

m Retention = deposition - clearance



Factors Important in
Particle Deposition/Clearance

m Particle ¢h utricte ist cs
m Size
m Infective aerosols — particles < 2um
CINTAR Vol
v S me lo 1g sler det oa “icles e 3. as se tos, sy, 'ass no mal cl :ara’ ce

mechanisms

®m Chemical nature €.g. Inert vs reactive

m Host characteristics

m Species differences

m Nasal cavity complexity

m Bronchial branching and cells distribution
® [ndividual status

m Prior damage

B [mmune system



Comparative Nasal Airway Structure and Function

RABBIT

,,,,,,,,,,,,

F_-~an Mon'z Rat
Y olume
(cm?) 16-19 8 0.4
B woinar:
L Na ol ~le S ag e “oeaplex
Olfactory
Epithelial Small Moderate Large
Surface <10% 20-30% 50%
Area
Breathing Oronasal Oronasal Nasal




Normal Flora

Norma La:ztzria flc ra pres eni in ¢ Xtr: the £ cic
respiratory tract

V 0alS oy Sf eule

[r.cludez “hose that are conicdered vat.ogeic 2. L
mnttocida, M. haemolytica, B. bronchiseptica

Pili of normal flora adhere to receptors - prevent

colonization by pathogens (competitive inhibition)

Cleared from intrathoracic respiratory system by
defense mechanisms



Bacterial Retention in Lung

acteria i

-EI

(5] 12 24 45
Time post bacterial aesrosol (hours)

Fig. 9-7 Pulmonary clearance and retention of bacteria

Acknowledgment: this and subsequent tables from

A. Lopez (2006) Respiratory system. In: Special Pathology.
274 Edn. McGavin and Zachary, Eds, In press.



Main Defense Mechanisms of the

Respirato r
-NOT.TO BE...

(nose, trachea lysozyme, mucus

REPRODWEED

Exchange system Alveolar macrophages (inhaled
(alveoli) pathogens), intravascular
macrophages (circulating
pathogens), opsonizing anti-
bodies, surfactant, antioxidants




Detense Mechanisms —
Mucociliary Clearance

\| U .-

pidl - F.-1ugu5 -

"

Ciliated
cell




Table 9-2 Defense Mechanisms Provided by
Some Cells and Secretory Products Present

in the Respiratory System

Product Action

REPRODUCEL

pathogens inthe alve

Intravascular Phagocytosis, removal of particles,

macrophage endotoxin, and microbial pathogens

In the circulation

Ciliated cells Expel mucus and inhaled particles and
microblal pathogens by cillary action

Clara cells Detoxification of xenoblotics (mixed function
oxldases) and protective secretlons
against oxidative stress and
Inflammation




Table 9-2 Defense Mechanisms Provided by
Some Cells and Secretory Products Present

in the Respiratory System

Product

dCTdIN

Lysozyme
Transferrin and
lactoferrin
oty -Antitrypsin

Interferon

“TOBE

Action

o e l@s an |
‘ S @ itra sol H
Protect eolar wallsand enhances

phagocytosis

Antimicrobial enzyme

Inhibition and suppression of bacterial
growth

Protects against the noxlous effects of

proteolytic enzymes release by phagocytic
cells: also Inhibits Inflammation

Antlviral agent and modulator of the
Immune and inflammatory responses




Table 9-2 Defense Mechanisms Provided by

Some Cells and Secretory Products Present

in the Respiratory System

. D= B

Cell/Secrit - | |

Product Action
Interleukins Chemotaxis, up-regulation of adhesion

YJREPRQODLWGED

membranes, opsonization
Complement (Chemotaxlis; enhances phagocytosis
Antioxidants® Prevent injury caused by superoxide anion,
hydrogen peroxide, and free radicals
generated during phagocytosls,

Inflammation, or by inhalation of oxidant
gases (ozone, NO,, 50,)

*Superoxide dismutase, catalase, glutathione peroxidase, oxidant free radical
scavengers (tocopherol, ascorbic acid).




Impairment of Defense Mechanisms

m Viral-ba teral sy neis wm
B [mpat pr-geavt'e fuiction £ -7 a vs yost- nfe _t n
= Mucociliary effects
B T0ue @ oco - - aM o, 17d woet su'fine
B Im nuacdefs dency/vapnris: ior, — oeaede it fect] v,
toxic
m Effect on cilia — anesthesia, ciliary dyskinesia
m Effect on mucous — dehydration — increase viscosity
® Hypoxia and pulmonary edema —
m [mpair phagacytosis

= Alter surfactant production



Respiratory Evaluation Methods

B Functic nol e alu atic n

m Respiratory rate, compliance, diffusion capacity, etc
B [maoino
1 nodiygrap by, Mia, e ¢
Endoscopy
Tracheal aspirates and broncho-alveolar lavage (BAL)

Whole lung biochemistry

Morphology
= Biopsy

® Necropsy — gross and microscopic evaluation



Aspirate/Lavage Evaluation

® Micro i ¢ov

m Cytology
O] 2o he g nd d ffet 21tia
® Microorganisms
® Particulates

m Biochemistry

® Enzymes e.g. LDH, B glucouronidase, sialic acid

® Protein content



Gross Examination of the
Respiratory System

m Exterr a. :nvalvation of 1he her.d, siar 3
m Cut diaphragm
m Remroreribare

® Visually evaluate lung (colot, size, etc) and
thoracic contents

m Sample for bacteriology if needed
m Remove pluck and examine

m Hvaluate lung



Gross Examination of
Respiratory Tract

Lung

Size - collapse? — in situ evaluation
Color

1ot el ] ulp‘ t( 11

La Sio | distt >uton

Cut surface

Alrways

Surface of lung and rib cage

Contents of thoracic cavity

Evaluate air sacs in birds

Head — evaluate nasal passages, sinuses as needed

® Longitudonal vs transverse sections



Lung Palpation - Texture

m Consti ter c70. waole hing ard o “lesions

® Spongy - normal

mH - pactnacoia

m Nodular - abscesses, granulomas, neoplasia
m Rubbery - interstitial pneumonia, edema

m Crepitant - emphysema, overinflation



Gross Lung Exam

B [ .esion ditird»utiHn
m Diffuse

M- ~

r ' ~ce!! T IXCINV S

B bocz /mu titoc: |

m Dstimate of lesion extent e.g. % lung atfected

m Artifacts
= Autolysis

m Edema

m Atelectasis

® Rumenal fluid/food in lungs



Tissue Preparation for Microscopic
Examination

m Selecticn < f isstes affectcd vs nc rm: 1

® Fixation
m [mmersion
> Iy ~ertepchea’ /i tear as l—a) v ys it S, T ©
A W oo body vascular pe.lusio..
m Artifact induction

m Hixatives

m Neutral buffered 10% formalin (light microscopy)

m Tellyesniczky/Feke’s (light microscopy, tumor counts)

m Glutaraldehyde * paraformaldehyde (electron microscopy)

m 4% paratormaldehyde (electron and confocal microscopy, 7 situ
hybridization)

B Decalcification — for examination of nasal passages



Motrphologic Evaluation

m Qualitairye
m Structural or cellular changes
m Light. electron. and confocal microscopv
= IPC LAl S auwss ¢ e 1T MULE O USEC € lem Sty

m [7 sitn hybridization

m Quantitative

m Morphometry/stereology
® Number or volume of cells/organelles/matrix

m Cell kinetics - cell proliferation
® Immunohistochemistry- BrDU, PCNA, etc.



Cell Kinetics
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Useful Histochemical Stains

Elastin

m Weigert, Verhoeff-hematoxylin, Gomori methods
Connective tieiie

N assor o> ol mon 2, Von Giescn’s, S.+us R :a

® Snook’s reticulin (type I1I collagen)

Mucopolysaccharides (goblet cells) and glycosaminoglycans

m Periodic-acid-Schiff (PAS), Alcian blue, toluidine blue,
and ruthenium red (for EM)

Basement membrane

m Gomorti’s methenamine silver (GMS) and PAS
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m FOR IMAGES:  Necropsy Show and Tell: Veterinary
Pathology Images Dr. John M. King, Professor of Veterinary
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