at the organtsmic lovid.
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Alfonsa Cortd
{1822 —1H584|

Avpowsn Cogrn, lialananaiomisl, was oorn in §522 Cortl began
his sctentile career stdyving the cardiowvascular systems of
repilles, Laler, he tumed his attmtion o the mammslian
auditory system, In 1857, he published @ paper describing a
struclure localed op Lhe bastiar membrane of the cocliles
eonlaliing halr oelis (il converl sound vitistons inlo nerve
impuilses, e organ of Coril, He died o the year 1888
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BREATH]I‘IG AND EXCH&NGE OF GA.SES

As you have read cariler, oxygen |0)) is ulilised by the organiisms to
indirectly break down stmplé molecules Lke glurose, amino acids, (atty
actids, ele., o dertve energy 1o performi various activitles, Carbon dioxide
ICO,) which is harmlul 4s also released during the above calabolic
reatllons. ILis; therelore, evident that () Has to be continuousty provided
Lo the cells and CO, produced by the eells have (o be released gul, This
process of exchange of O, from the atmosphere with CO, produced by the
cells 1s called breathing, commonly known as resplration. Place your
hands on vour cliest: you can [eel the chest moving up and down. You
know Uial il 1s due to breatlitng. How do we brealhe? The resplratory
argans and the mechantsm of breathing are deseribed in the following
sections of this chapter.

14.1 Resrmatvony Orcass

Mechiamsins of breathing vary among diflerent groups of anlmals

‘depending matnly on thelr hablials and levels ol organlsailon. Lowsr

mverichrates ltke sponges. coelenterales. Natworms, eic.. exchange O,
with CO, by stmpile diffusion over their entire body surface, Earthworms
uge thetr maolst cutiele amxd insects have a network of tubes (racheal
tubes) to transport atmospheric atr within the body. Spectal vasculanised
struciures called gllls (Branchial respiration) are used by most of the
aguattie arthrmopods and molluses whereas vasoulansed bags called langs
(pulmemary respimtiem) are used by the termestnal forms for the exchange
of gases, Among verichraies, Bshes use gills whereas amphibians, repiiles.
birds and mammals respire through hungs. Amphibians ke (ogs can
resplie Uroaeh thelr molst skin [culaneons respiralion) also.



14.1.1 Human Resplratory System

We have a patr of external nostrils opentng out shove the upper lips.
It leads to @ nmasal chamber through the nasal passage. The nasal
chamber opens inlo the pharynx, a poriton of which is the comion
passage for food and air. The pharynx opens thirough the larynx region
into the trachea. Larvox s a carttlaginous box which helps tn sound
production and hence called the sound box. Dunng swallowing gloitis
can be covered by a thin elastic carttlagimous flap called epiglotts (o
prevenl Lhe entry of food thio the larynx. Trachea 1s 3 siralght tube
extending up (o the mid-thoracte cavity, witch divides at the level of
6ih thorate vertebra tnto @ right and lefl primary bronehl. Each bronchit
undergoes repeated divisions te form the secondary and tertiary broneh
and broncluoles ending up n very thin terminal bromchioles. The
tracheae, primary, secondary and lertlary bronchl. and mitial
bronchioles are supported by meomplete cartilaginous rings. Each
terminal hromchiole gives 1ise Lo a number of very thin, lmegular-walled
and vasrularsed bap-ltke structures called alveall. The branching
nelwork of hronehi, bronchiolés and atvenlt comprise the lungs [Figure
14.1). We have two lungs which are covered by a double layered pleura,
with pleural fuld between them. It reduees friction on the lung-surface.
The outer pléural membrane is-n clese contacl with the thoracic

£ Eplglittis

- Larymix

Bromchins

Cut end of b Plesrnl membrames

Rl L Alvealt
et [Peveral] Modd

e
' Bromchiale

Figure 14.1 [Diagrammolic view of human respimloery system (sectionnl viow of
LHe lefl i s also show)




lining whereas the inner pleural membrane Is i contart with the lung
surfane. The part starting with the external nostrls up (o the tenuinal
bronchioles constitute the conducting pan whereas the alveoll and thetr
ducts form the respiraiory or exchange part of the respiratory sysicm.
The contchicting part transporis the atmospheric atr 1o Lhe alveoll, clears
it from [orelgn particles, humidifies and also brings the air lo body
tempermiure, Exchange par Is the stle of actual diffuston of O, and CO,
between binod and almospheric ain

The lungs are situated n the hormole chiamberwhich s anatomically
an atr-tght chamber. The thoracie chamber 15 formed dorsally by the
vertebral column, ventrally by the sternum, lalerally by the ribs and on
the lower side by the dome-shaped diaphragm: The analomical setup of
lungs in thorax s such thal any change in the volume of the thoraoic
cavity will be refllected In the lung (pulmonary) cavity. Such am
arrangement 15 essential for breathing, as we cannol directly alter the
pulmonary volume,

Respleadon mvolves the ollowing sleps:

1) Breatling or pulmonary venliluiion by which atmosplieric alr
s dmEwn inand CO, nch alveolar air is released oul.

) Difusion of gases (O, amnd CO) across alveolar membrane.
() Transpart of gases hy the blood.
(vl Diffusion of O, and CO, between blood and Ussues.

vl Ublisation of O, by the cells for catabolic yeactions and resuliant
release of CO, (cellular respiration as dealt in the Chapter 12).

14.2 Mecnamsm oy BresTning

Breathing involves two stages :inspiration during which atmospheric
alr is drawn in and expiration by which Lhe alveolar atr (s released oul,
The movement of atr o and out of the lungs 1s carmied oul by creating a
pressure gradient befween the lungs and the atmosphere. Inspimation
can occur if the pressure within (he lungs linira-pulmonary pressure) is
less than (He almaspheric pressure, Le.., there is a negalive pressure i
the lungs with réspect Lo atmosphertc pressine. Stmtlarty, expiration lakes
place when the mtrs-putmonary pressure 1s highier than the atmospheric
pressure, The diaphrazm and a specialised sei ol muscles - exiemnal and
Intenal mtercosials between Lhe ribs, help in generation of such gradients.
Inspiralion 18 Infiated by the contraction of diaphragm which increases
the volume of thoracte chamber 1n the antero-posterior axis. The
coniraction of external miler-costal muscles s up the ribs and the
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sicfmum causing an increase in the volume of
the thoracte chamber tn the dorso-veniral axs,
The overall increase in the thoracic velume
causes i similar increase in pulmonary
voliume, An lherease In pulmonary volame
decreasss the ntra-pulmonary pressure (o less
than the aimespheric pressure which forces
the aly from ouiside to move inio the hings,
Le.. Inspiration [Flgure 14.2a). Relaxaton of
the diaphragm and the inter-oosial musaeles
relums the diaphiragm and stermuam (o thetr
normal postiions and reduce the thoracic
volume and thereby the pulmonary volume

This leads locan ihcrease ninlra-pulmonary
pressure Lo slightly above the atmospheric
pressure causing the expulston of atr itom the
hings, Le.. expiration (Feure 14.2h). We have
the abilily to Inercase Lhe strength of
inspirallon And expiration with the help of
additional museles in the abdomen. On an
average. a healthy human breathes 12-16
{imes/mimuie. The volume of alr involved in
breathiing movements can be esumaled by
using a spirometer which helps in clinieal
assessment of pulmonary functions,

14.2.1 Respliratory Volumes and
Capacities

Tidal Volume (TV): Volume of alr inspired or
exptred during a normal resptration, It 1s
approx. 500 mL.. Le.. a healthy man can
insplre or explire approximately GODO to BOOO
mL of alr per minute.

Inspiratory Reserve Volume [IRV):
Additiomal volume pf alr, a person can nspire
by a forcible mspiraton. This averages 2500
ml. (o 3000 ml.,

Exzpiratory Reserve Volume [(ERV]:
Additional volume of alr. 4 person can exploe
by & forcible exptration. This averages 1000
mb to 1100 mL
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Resldual Volume (RV): Volume of alr remaining tn the lungs even afler a
forctible expiration. This averages 1100 mL (o 1200 mL.

By adding up a fow respiratory vilumes described above, one can
derive various pulmonary capaciies, which can be useéd i ciipical
diagnosis.

Inspiratory Capacity (IC): Total volume of alr a person can tnspire
alter a normal explratton. This includes tidal volume and Inspltory
reserve volume | TV+IRV),

Expiratory Capacity (EC): Tolal volume of alr a person can expire afier
a normal insptration. This tincludes tilal volume and explralory reserve
volume (TV+ERV),

Functional Residual Capacity (FRC): Volume of alr that will remiin in
the lungs after a normal expimation, This inchdes ERV+RY.

Vital Capacity {VC): The maxtmurm volume of alr a person can breathe in
after o forved expiration. This includes ERV. TV and IRV or the msstmmm
vohume of air a person can breathe oul after & forcend Insptration.

Total Lung Capaeclty (TLC): Total valirme of alr accommodated in the
lungs at the end of a forced Inspiration. This includes RV, ERV. TV and
IRV or viLal capacity + resldual volume.

14.3 Excnasce or Gases

Alveoll are the primary slies of exchange of gases. Exchinnge of gases also
oceur between blood and tssues. O, and CO, are exchanged in these

sites by simple diffusion mainly based on pressure fconcentiration
graftenl. Solubtlity of the gases aswell as the thickness of the membranes
involved in diffusion are also some imporiani factors that can affect the
rale ol diffusion.

Pressure contribule] w an individual gas in 5 mixiure of gases s
called partial pressure and 15 represented as pO, for oxvgen and pCO, lor
carhon dloxide, Parital pressiures of these iwo gases in the almospheric
alr and the two siies of dilfusion are glven In Table 14.1 and 1n
Flgure 14 3. The data given in the able clearly indicales a concentmtion
gradient for oxyvgen from alveol! Lo blood and blood (o tissues. Similarly.

Tame 14.1 Partial Pressures (ln mm Hg) of Oxygen and Carbon dioxide at Different
Parts Invoived Iln DifMusion in Comparison to those in Atmosphere

Respiratory .!.tmnspnm:ln Alvenl] Blood Biood Tissues
Gas -Alr (Deoxygenated) (Oxygenated)
Q, 549 104 40 a5 40
COL 08 40 a5 40 45

F
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Figure 14.3 Dingmmmuotic tepresentation of exchonge of gases @ the alvealus and
the body tissies with bood and transport af oxygen and carbon dinxide

a gradlent 1s present for CO, th ihe opposite direction. Le.. [rom Ussnes Lo
Blood and blood to alveolt. As the solubtiity of CO, 15 20-25 times higher
than that of O, the amount of CO, that can diffuse through the diffusion
membrane per unid difference o partial pressure s much higher compared
to that of O, The diffusion membrane

4 Is made up of thriée major lavers

' (Figure [4.4) namely, the thin squamous
Sijunotis epittsetniiRy, B Basemt epithelium of atveolt. the endothellum of
of whvnolir wodl ' 0. wuligtance alveolar capillaries and the bascment

lbpe-ceited thivk) subistance (composed ol-a (hin basement

Endothatiam ol
= blotd saplllary  membrane supporting the squamous
epithelium and the basemenl membrane
R =590 surrounding the stngle layer endothehal
copillory o Z— cells of caplllaries] 1o beltween hem.

However, is tolal thickness 15 much less
than a millimetre. Therefore, all the factors
Flgure 14.4 A Diagraom of o scclion of an in our body are favourahle for diffaston of
alvcolus wih a pulmenary O f :‘ I I-.ﬂ Hesuesand. (hal. ol 0D,
illary. -] = Y
ST from Ussues Lo alveoll.

ol

e
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14.4 Tuansrort ov Gases
Biood 15 the medium of transpart for O, and CO,. Aboul 97 per cent of O, s
transporied by RBCsm the blood. The rematining 2 per cent of O, ts carmied
in a dissolved sinte through the plasma. Nearly 20-25 per cent of CO_ is
transparted by RBCs wliersas 70 per cenl of 1 s carried as bicarbonate.
Abaut 7 per cenil of CO, s carmied in a dissalved state irough plasma.
14.4.1 Transport of Oxygen
Haemogiohin 15 a red coloured ron contatlning ploment present in the
RBCs. O, can bind with haemoglobtn tn & reversible manner Lo form
oxyhaemoglobin. Each haemoylobin molecule can carry a maxtmum of
four molecules of O, Binding of oxygen with hacmoglobtn ts primarily
relaled (o parilal pressure of O, Partial pressure of CO,. hydrogen lon
concenirtion and temperalure are the other lactors which can inlerfere
with thits binding. A stemold carve ts obtatned when perceniace saturation
of haemoglobin with O, 1s plotled against the
pl,. This curve Is called the Oxygen E-,
dissociation curve (Flaure 14.5) and 1s highly g [
useful In studying the effect of laclors ke = i
pCO,, H' concentration, elc..cnbindingof O, & 10 =
with hacmoglohin, In the alveelt. where there £ = |
s figh pO,,. low pC0,,. lesser H* conceniiration % - = |
and lower temperature. the factors are B g '
all favourable for the formation of 3 o
oxvhaemoglobin, whereas fn (he lssues, /
where low pO_, high pCO_. high H* = e f
concentmbion and higher temperature extst, 5
the conditlons are mvourable for dissbelation 5 |
of oxygen [rom the oxyhacmoglobinr. This % e /
clearly indicates that O, gets hou::!d lo ‘g /]
hasmoglobin i the lung su.rl'anl: and gels E O a0 40 a0 BD Tl
mMIm at the tissues. Every 100 mi of Paritsl g of wxyne tmm i)
oxyeEnaled blood can deliver arcund b ml ol
ﬂl Lo thie Ussuss undeér norina! phivslological Figure 14.5 (ygen dissociidtbon curve

conditions,

14.4.2 Transporl of Carbon dioxide

€O, 1s carried by haemoglobin as carbamine-hasmoglobin [about
20-25 per cent). This hinding is related to the parttal pressure of CO,
pO. s a major factor which could affect s binding. When pCO, 1s high
and pO, ts low as In the Ussues, more Binding of carbon diextde occurs
whereas, when Lhe pCO), 1s low and pO), 1s high asin the alveoll. dissoctation
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of C0, from carbamino-hacmoglotn lakes place, Le., CO, which 1s bound
t0 haemoglobin from the tssues 1s delivered al the alveoll. RECs conilatn

“avery high conceniration of Lhe ensyme, carbonic anhydrse and minole

quantities of the same 1s present i the plasma too. This emeeymie [aciliiales
the following reaction in both dieclions,

Carbaric Curbianic

Co, +HHDQ%H5CUE e HCO, +H'

Al the ussue site where parttal pressure of CO) 1s high due o
catabolism, CO, diffuses into blood (RBCs and plasma) and forms HCO,
and H*_ Al the alveolar site where pCO, ts low. Lhe reactlon proceeds In
the opposite direclon leading Lo the formation of CO, and H,0. Thus,
CO, trapped as hicarbonate at the Ussue level and transported (o the
alveolt 1s released out as CO, (Frgure 14.4). Every 100 mi of deoxygenated
blood delivers approximately 4 ml of CO, to the alvegli.

14.5 RecoLatios oF Respmanion

Human beings have a significant abiiity to mainiatn and moderate the
respitalory thythm (osmit the demands of the body Ussues., This ts done
by the neural system. A specialised eenire present in the mednlla reglon
of the bram ealled respiratorv rhythm centre 1s primanly responsible lor
this regulation. Another ¢entre present in the pons region of (he bratn
called pneumolaxic centre can moderale the funclions of the resptratorny
rhythm centre, Neural signal from this centre can reduce the dumation of
inspiration and therchy alier the respiratory male. A chemosensitive area
Is sttuated adjacent 1o the thythm dentre which 1s highly sensiitve 1o CO,
and hydrogen 1ons. Increase in these subslances can activale this centre,
wivlch i tumesn slena! the rhiyihom centre (o make necessary adjustments
in the respiralory process by wiich these substances can be eltminated.
Receplors assoclated with aorie mrch and carotid artery also can recognise
changes In CO, and H* concentration and send necessary sigmals Lo the
rhythim centre for remedial actions, The role of oxyeen In the regulation of
respiratory rhyihm is quite tnstonificand.

14.6 DisorpeErs oF REspirATORY SYSTEM
Asthma |=a dillicaliy 0 brealbing cansing whcexing duie (o Hillanimeation
of bronchi and bronchicles.

Emphysema ts a chronic disorder in which alveolar walls are damaged
due o which respiratory surface 1s decreased. One of the major canses of
this is clgareiie smolkdrig,



Occupational Respiratory Disorders: In certain indusiries, espectally
those mvolving grindng or stone-breaking, so much dust 1s produced
ihat the defense mechanism of the body cannot fully cope with the
situation. Long exposure can give rise (o inflammation leading w brosts
tprafiferation of fibrons ssues) and thus causing senous lung damage,
Workers tn such industnies should wear protective masks.

SummaRy

Cells utilise oxygen for metabolism and produce energy along with substances
like carben dioxtde wiitcl 1s harmiful. Antmats have evolved dilferenit mechanisms
fior the transporl of axyeen to the cells and for the removal of carbon diextde from
there, We have a well developed respiratory system comprising two lungs and
assoclated alr passages lo perform this function.

The fiest step in respiration s breathing by which stmosplieric air 1s laken in
(tnspiralion) and the alveolar atr Is released out (exptration), Exchange of (), and
€O, between demxvgenated blood and alvml]txmﬁpt}n af these gases throughout
the body by bload. exchange of Oy and CO, between the oxygenated blood and
tissues and uiilisation of O_ by the cells [ccliular respiration) are the other steps
Involved.

Inspiration and expirallon are carrted out by érealing pressure gradienis
between the atmosphere and the alveoll with the help of spectalised muscies —
intercostals and dtaphmagm, Volumes of atr tovolved tn these activities can be
estimaled with the help of spirometer and are of clinical significance.

Exchange of (), and CO, al the alveoll and tssues oceur by diffuston. Rate of
diffusion 1s dependent on the parttal pressure gradients of O, (pO,) and CO, (pCO,),
thetr solubtlity as well a8 the (thickness of the diffuston surface. These fclors In
our body facilitate diffuston of ), from the alveoli to the deaxygenated blood as
wrll as from Uie oxyvgenaled blood (o he tssues. The factors are [avourable for the
diffuston of CO, n the opposite direction, Le., from Ussues (o alveoll.

Oraygen Is ransportéd mainty as oxyhacmoglobin, [n the alveoll where p, Is
higher; O_ gets bound (o hacmoglobin which 1s easily dissoctated at the Ussues
where pO), 15 low and pCO,_ and H* concentration are high. Nearly 70 per cent af
carbon diexide ts ransported as icarbonate (HCO, ) with the help of the enzyme
carbonic anhydmse. 20-25 per cent of carbon dioxide 1s carred by haemoglobin
as carbamine-haemoglobin, In the Ussues where pCO, 1s high. 1t gets bound Lo
blood whereas in the alveolt where pl0O, is low and pO, is high. i gels removed
[rom the blood.

Respiritory rhvihm 1s maintained by the respiralory centre in Lhie medulla
region of bratn. A ppeumotaxic centre i the pons regon of the bratn and o
chemosensitive area in the meduolla can aller respiratory mechantsm.
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Exsncises

Delipe vital capacity. What 1 its significance?

State the volume of aly remating tn the hings after a normal breathing.
Difuston of gases oteurs in Lthe alveolar reglon anly and nol in (e other paris af
rsplratory system. Why?

‘What are the major transport mechantsms fur CO,7 Explatn,

What will be the pO, and pCo, tm the atmospherte atr compared to those tn the
alvealar air ?

W pO,lesser. pCO, higher

(0 poO, higher. peo, lesser

() po, higher, peo, ligher

(v} pO,lesser, peoy, lesser

Explain the process ol inspration under normal mu:lmms

How fs respiration Tegulated?

Wit 15 {lie effect of pOO, 60 Oxyeen transpor?

‘What liappens o Hmwmtwm tn & man going up & hare

Wrmmmcﬂmﬂmnuﬁmmmmm? ]
Defliie oxygen dissoctation CUrve. Catl you sigies! iy réasan for 1ts stgmolidat

patlern?
Have you heard about hypada? Try to gather information about 11, and discuss

with your friemds,

Distinguish hetween

{a) IRV and ERV

(b} tnspiratory capacity atil Egmm? capactly.

f¢) Vital capacily arnd Total fung capaclty.

What ts Tidal yolume? Pid out the Tidal volume @spproxtmate vatiel for a healthy
harman tn an hour '




