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MECHANISMS
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22.1 Overview: Gas exchange in an animal with lungs involves
breathing, transport of gases, and exchange of gases with tissue cells

S S8 el Cpanaty 4G 1) cld il gaald) LB <l ) Jals sAlald daa) e
A LA ga Ll
= Three phases of gas exchange i) Jals Jal e
— Breathing
oadiill —
— Transport of oxygen and carbon dioxide in blood
| 8 s sSI Al 5 YT B —
— Body tissues take up oxygen and release carbon dioxide

058 aS) 6 e Gaaldil) g a0 anall Al paliatial —

= Cellular respiration requires a continuous supply of oxygen
and the disposal of carbon dioxide
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22.2 Animals exchange O, and CO, across moist body surfaces

aall Ao L) 7 shid) jue ¢y g9 SI daS) AU g Sy ) gaad) Sl

= Respiratory surfaces must be thin and moist for diffusion of O, and CO,
W e (150 ) (AU g CpumnaSY) LAY Ak g AR (1980 () Al 7 ghaall gady  m
= Earthworms and other animals use their skin for gas exchange
il Sl ol Aalany aLAL alad) o JAY) Cil) gaad) (arag i ¥ Gl addid
= Most animals have specialized body parts that promote gas exchange
Gl Sl Jaks Adeny o 68 acally Lanadiia ¢ Ja) Clil gaal) aliee Glic  w
— Gills in fish and amphibians Glilaall 5 el 8 andlad)
— Tracheal systems in arthropods oY) cililiada b 430 sgd) ciluall) 3 j¢)
— Lungs in tetrapods that live on land bl Je faed Al s )Y Slely ) G ouid )

Amphibians <lsila ) Reptiles a) g 3

Birds skl Mammals <Ll
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22.3 Gills are adapted for gas exchange in aquatic environments
dilal) clind) 8 el lad) ol Aiigia andlAl)

= Gills aailad)
— Are extensions of the body awall mhaul Cilaads
— Increase surface to volume ratio esall ) mhaad) das (e 2y 35

— Increase surface area for gas exchange <l Jals sl dabiw & 3

— Oxygen absorbed CaaSY) alatial
— Carbon dioxide released — GsSl st A 3k
= In a fish, gas exchange is enhanced by
AL dlacd) A i el JalS §ay
— Ventilation of the gills (moving water past the gills)
(prdlall el elall dly al) aadlall 4y 565 —

— Countercurrent flow of water and blood
eﬂ\ 9 c«\.«d\ UA u.uS\.ud\ J\,}.\S\ éﬂm —_
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The structure of fish gills
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22.4 The tracheal system of insects provides direct exchange
between the air and body cells

add) LA 9 £ gl G edilaa Jal ) pial) (A cluall) Slga 8 g

= Compared to water, using air to breathe has two big advantages
Crfandae pinild 4l il o sel) aladin) | sl 45 jlia m

— Air contains higher concentrations of 02  usuS¥) (e 3S) &l 38 5 e oLl (g ging

— Air is lighter and easier to move A4Syl (8 Jesl 5 aa) ol gl
= Air-breathing animals lose water through their respiratory surfaces
fnadiil) Lgaloaa) = s JOA (g slall o) ggll (pudiis ) i) gual) i

= Insect tracheal systems use tiny branching tubes

de Hiie dady i) &l ydall dgniadl) 3 jeal) a0ats

— This reduces water loss olaall (jladd e JI8y 124

— Air is piped directly to cells LAl 5 il o) sel) Fumy
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22.5 EVOLUTION CONNECTION: The evolution of lungs
facilitated the movement of tetrapods onto land

Gl (i) qullaly Al o Gl plaY) Aoy LY Blia Al g 14y hatl dday)

= Tetrapods seem to have evolved in shallow water

szl slaall 8 Leiba il Gl pla¥l dpely ) sl o) gay

= The first tetrapods on land diverged into three major
lineages
MJ&}\Z\S)«SQ\ o) oY) @l ) el y Cie 45w
— Amphibians use small lungs and their body surfaces
aual) mha a gee A ALY 8 jua U ) Slile pll aadid —
— Nonbird reptiles have lower metabolic rates and simpler lungs
Aoy Al g dmsdie dpca)) OV aza 3 yilall e Caal gl @l —
— Birds and mammals have higher metabolic rates and more complex lungs
lagas Il 5 Adle dacay) Vare LAl 5 glall ellias —
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22.6 In the human respiratory system, branching tubes convey air to
lungs located in the chest cavity

s odall Ly saill L i ) 1 g ged) de el quliY) JAE 5yl (il Jlga b

= In mammals, air is inhaled through the nostrils into the
nasal cavity

AN iy gadl) ) Ad) claddl) ye o) ggd) Bddiay | LA B .
— Air is filtered by hairs and mucus surfaces
Apbalaall mhau¥) 5 28l 8y ok e (B sal) e) elsedl i —
— Air is warmed and moisturized
el sell Cula yig A8 23 —
— Air is sampled for odors
sl Dnad dal e elsed) AL —
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22.6 In the human respiratory system, branching tubes convey air
to lungs located in the chest cavity

s ovall ciy g2l L il ) el sgdl e jiial) qunlY) JAE g pdall uAT Jlga

= From the nasal cavity, air next passes

SUIL o) sl ey ¢ A Caygaill (po m
— To the pharynx asadd) )
— Then larynx, past the vocal cords A gal) Jua WL Lo Boadal) I o
— Into the trachea, held open by cartilage rings
Ay pat Glilay Aa gide A5 ) 4l ggd) sl )
— Into the paired bronchi 40 sl i)
— Into bronchioles A sl Clpedl

— And finally to the alveoli, grapelike clusters of air sacs, where gas
exchange occurs

ol Al Jals aany Cun | A sell QaLSY) (pe 3 s i ) Ll pgd) by gad) I 1 5]
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22.6 In the human respiratory system, branching tubes
convey air to lungs located in the chest cavity

@ il ) e sgd) Ao jilal) CuliY) JAK | g i) udiil) Glga 8
s siall Ciy g2l

= Alveoli are well adapted for gas exchange
< Jad) Jals dalasd Casil) A dle Ayl ggd) CBlay gal) =
— High surface area of capillaries 4 seall &l il Llall mlaud) daliw
— High surface area of alveoli 2 sell <3lay sall Zllal) mlasill Zali
= In alveoli
Al ggd) Claygal) A
— O, diffuses into the blood pll (A &Y iy

— CO, diffuses out of the blood all Z A (s SI ans) (S 3l
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22.7 CONNECTION: Smoking is a serious assault on the
respiratory system

il Jlgal) o gl jhd cpdail) jadidat dday
= Mucus and cilia in the respiratory passages
Al &) yaad) A 32 52 gall lAY) g LAl =
— Protect the lungs Ol (e
— Can be damaged by smoking ~ (saxilly (alis o) Say

= Without healthy cilia, smokers must cough to clear
dirty mucus from the trachea

O Q) Jo 0888l puag (Baa daa B I (eSS ol ey
Al 5l dpall) (pa CpAilly doudial) bldlal) CaBaE Ja
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22.7 CONNECTION: Smoking is a serious assault on the
respiratory system

) Sgal o eyl Jha il Ak Ay
= Smoking can cause Gl oy o) Sy
— Lung cancer 40 jUa
— Heart disease <l aal il
— Emphysema (<l 3

= Smoking also Lyl (paail)
— Increases the risk of heart attacks and strokes  <aUalall g calsll <l gs 4y 3
— Raises blood pressure A B R L BY

— Increases harmful types of cholesterol 3 bzl Js siudSll &) 6Y (il (e 2y 3

= Every year in USA, smoking kills about 440,000 people, which
is more than all deaths from accidents, alcohol, drug abuse,
HIV, and murders combined

Cisall (358 128 5 3asiall QLY I (8 Ly sis (1238 440.000 s aaaill Jisy
CNGEEY) 5 5a) s il Lo slasly Jpalll Bl | ol sall e
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22.8 Negative pressure breathing ventilates our lungs

G N &y g e Jary (aliad) ially (il

= Breathing is the alternate inhalation and exhalation
of air (ventilation)  (fsei)) slsgd) g Gagd Blad sa (il

= Inhalation occurs when Ladie (gl Ciaay
— The rib cage expands govall paddll (auly) 2aal
— The diaphragm moves downward Jalall claall (mday,
— The pressure around lungs decreases 41 J g baall =i,

— And air is drawn into the respiratory tract
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22.8 Negative pressure breathing ventilates our lungs
Ol A st o Jany alaad) abually (el
= Exhalation occurs when Ladic 8 311 Cuaay
— The rib cage contracts
govall el ((Guay) pady —
— The diaphragm moves upward
el G Dalall Glaall a8 —
— The pressure around the lungs increases
Ot ) J s Jarall ala y —
— And air is forced out of the respiratory tract
Andtil) O yaall 2 HA o) sgdl 0 jlayy —
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Negative pressure breathing draws air into the lungs.
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22.9 Breathing is automatically controlled
4 e g5 g) Ay play (i) B aSat) o,
= Breathing is usually under automatic control
(oS g1 g1 aSacil) A8y oy (didl) Aty La Bale

= Breathing control centers in the brain sense and
respond to CO, levels in the blood

3l A giee i Elaal) 8 53 g pall eIl ASal) S m
ld iy aall (8 (50 S

= A drop in blood pH increases the rate and depth of
breathing
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TRANSPORT OF GASES
IN THE HUMAN BODY

Oy | e g_i, < jlad) A
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22.10 Blood transports respiratory gases
dpdiil) ¢ Jlad) Jiky adl) a 68,

= The heart pumps blood to two regions
Ciitlats s Al lal) .
— The right side pumps oxygen-poor blood to the lungs
Gl (A GannsYY A yadal) anl) ¥l sl ey —
— The left side pumps oxygen-rich blood to the body
anall o) a) 4y () GaanSVL sl adll ) i) ey —
= In the lungs, blood picks up O, and drops off CO,
O3 AY Maas) (G 3k g Guaas¥) adl) 3AL ¢ il A
= In the body tissues, blood drops off O, and picks up CO,
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22.10 Blood transports respiratory gases
dpdiil) <l Jlad) Jay anl) gl

=(Gases move from areas of higher concentration to
areas of lower concentration

5SSl daiaiae alabiall )5Sl dddle Blabiall (e <l el Jiis .
—@Gases in the alveoli have more O, and less CO, than gases the blood
adll & sa Lae JB) (50 S ) 365 | SS) Cpa L A sell CBlay sall 8 <l Hlall —
— 0, moves from the alveoli of the lungs into the blood
aal) () 5T 400 5l By ol e GaansSY) & jaty —
—CO, moves from the blood into the alveoli of the lungs
O 400 sell Sy sall () adll (e () 50 ST 2T 20 & jay —
—The tissues have more CO2 and less O2 than in the blood
pl (A oa Laa JB (aaasSs SS) () 0 SISl Lg A —
— CO2 moves from the tissues into the blood
P\ PN ) PSR YIS - IRTREN [ L ORI

— 02 moves from the blood into the tissues
dad¥) ) aall (e GuansY A ety —
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22.11 Hemoglobin carries O,, helps transport CO,, and buffers the
blood

adl) Jala g (5 5381 daeaS) (A JB5 (A o lewy g (S (i o gangd) Jan

= Most animals transport O, bound to proteins called
respiratory pigments

Gl il Ledle (llay st 5y Jasi pall GV JES L) o) alaa

— Copper-containing pigment in 2 ol e 4 diaall Glauall aadind

— Mollusca Sl ga
— Arthropods daL¥) cliliaie
— Iron-containing hemoglobin paall e (s ginall fsla sanel

— Is used by almost all vertebrates and many invertebrates
G (e dpaall 3 g Ly i iy el aliea 8 addiy —

— Transports oxygen, buffers blood, and transports CO,
O8N 2l 6 Ja WS pall Jalay g cpanSY) Jiy —
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22.11 Hemoglobin carries O,, helps transport CO,, and
bufters the blood

adl) Jalay g g3 S ) G JAS (A a Ly g GV (o gl gangd) Jany

= Most CO, in the blood is transported as bicarbonate
ions in the plasma

CO, + H.O t H.COs t H*+ HCOxs

Carbon Water Carbonic Hydrogen Bicarbonate
Dioxide Acid lons
LS| gau ¢la oaala S\ WYY Gl ga sl
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