The Respiratory System



All living cells require to get oxygen from the fluid around them and to get rid of carbon
dioxide to it.

Internal respiration is the exchange of these gases between tissue cells and their fluid
environment.

External respiration is the exchange of these gases (oxygen and carbon dioxide)
between the body and the external environment.
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Air Conducting Passages
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The trachea and the bronchial ‘tree’ conduct air down to the respiratory surfaces. There

is no exchange of gases in these tubes.
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The thorax is the closed
cavity which contains
the lung, heart, and
great vessels.

Thorax

The thorax is lined by two thin layers

of membrane - the PLEURA - the inner

(visceral) layer of which covers

It is enclosed and the LUNGS. The outer (parietal)
bounded: Lung layer covers the inner
ABOVE by the _ ——————_ _ \ wall of the thorax. In

Pleura:
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COLUMN (or back
bone);
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CARTILAGES and
STERNUM (or  _ -~
breast bone); =~

BELOW by the

health there is a thin

film of fluid between

these two pleural
layers which causes
adhesion but allows
them to slip (like
two glass sheets
with fluid between).
Elastic recoil of
lungs tends to pull
visceral layer away
from parietal layer.
This creates sub-
atmospheric

or negative
intrapleural pressure

DIAPHRAGM -~~~ (about -2 mmHg).
(a strong In quiet inspiration,
dome-shaped sheet : \ the chest wall is
of skeletal muscle Crura R tending to
wnt!w a central tendon Vertabial o :l:’l]gvtv:g' i:t(:?-
which separates column g

the thoracic cavity pleural pressure
from the abdominal becomes about -6 mmHg.
cavity. With forced inspiration,

it can become -30 mmHg.

NB: A negative pressure is a pressure below atmospheric pressure (approx. 760 mmHg). A
positive pressure is above atmospheric pressure.
Capacity of thoracic cage and the pressure between pleural surfaces change
rhythmically about 12-14 times a minute with the movements of respiration — air
movement in and out of the lungs follows the dimension changes.



The rhythmical changes in the
capacity of the thorax are
brought about by the action
of skeletal muscles. The
changes in the lung volume
which intake or expulsion of
air, discussed here-

In NORMAL QUIET BREATHING

INSPIRATION

external intercostal

muscles actively contract

— ribs and sternum move
upwards and outwards
because first rib is fixed

— width of chest increases
from side to side and depth
from front to back increases. ({ N\

diaphragm contracts
— descends
— length of chest increases.
capacity of thorax is

increased

$

pressure between pleural
surfaces (already negative) becomes
more negative: from -2 to -6 mmHg
(l.e. an increased ‘suction pull’ is
exerted on lung tissue)

l

elastic tissue of lungs is stretzched
!

lungs expand to fill thoracic cavity
!

air pressure in alveoli is now -1.5
mmHg, i.e. /ess than atmospheric
pressure

!
air is sucked into alveoli from
atmosphere because of pressure
difference.

In FORCED BREATHING

Muscles of nostrils and round glottis may
contract to aid entrance of air to lungs.
Extensors of vertebral column may

aid inspiration.

Muscles of neck contract — move 1st rib

upwards (and sternum upwards and forwards).

EXPIRATION

external intercostal
muscles relax
- ribs and sternum move
downwards and inwards
— width and depth of
chest diminishes.
diaphragm relaxes —
ascends — length of chest
diminishes.
capacity of thorax is
decreased

/ l
'/ pressure between pleural
surfaces becomes less
negative: from -6 to -2 mmHg
(i.e. less pull is exerted on
lung tissue)

!
elastic tissue of lungs
recoils

{
air pressure in alveoli is now
+ 1.5 mmHg.
1.e. greater than atmospheric pressure

l
air is forced out of alveoli to
atmosphere

Internal intercostal may contract — move
ribs downwards more actively.
Abdominal muscles contract — actively aid
ascent of diaphragm.



Lung volumes and capacities

—INSPIRATORY | )
] RESERVE
VOLUME
) INSPIRATORY
At deepest possible " CAPACITY
inspiration 3,100 ml 3600 ml
more air is inhaled ' VITAL
it t [ CAPACITY
uring 4,8
QUIET about 500 ml_sn', | TIDAL o
f air move <an VOLUME - '
BREATHING | of a ouT J increases
at Rest § with
' hvsical [ TOTAL
At deepest possible EXPIRATORY pf_\"s'c"" LUNG
expiration 1,200 ml , CAPACITY itness |~ APACITY
more air is moved 1,700 ml 6,000 m!
out EXPIRATORY | ) )
RESERVE
VOLUME + FUNCTIONAL
RESIDUAL RESIDUAL CAPACITY
But lungs cannot be .
emptied completely: VOLUME At e':'d [_jf quiet
1,200 ml )} respiration lungs

contain 2,400 ml



MAXIMAL litres
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(after Pappenheimer, J.R., et al (1950) Fed. Proc., 9,602). Not to scale

Values for volumes and capacities are typical values but will vary with the subject’s size
and weight. Values are usually about 25% less in women.

At rest a normal male adult breathes in and out about 12 times per minute. The amount
of air breathed in per minute is therefore 500 ml x 12 i.e. 6000 ml or 6 litres — this is the
respiratory minute volume or pulmonary ventilation. In exercise it may go up to as
much as 200 litres.

In deep breathing the volume of atmospheric air inspired with each inspiration and

4 the amount which reaches the alveoli increase.



Alveolar ventilation and Dead Space

END OF

END OF QUIET

At rest, with each breath, we EexrraTion e kb T
° . a 0 II [
breath in about 500 ml of fresh  Gasinalveoli fresh e
. . . Expiratory air
atmospheric air (the tidal reserve = aop S
. vol. (ERV) = 100 mmHg | e—
volume). Of this volume 350 ml 1200 m | PCO, - 40 mmHg I R <itm!
. . . . + + N2 + H,0O ) .
mix with air already in the lung Residual iy sl Tasl g
. I. (RV) 4
alveoli and 150 ml occupy the 1200 m Ao
air passages (anatomical dead : i RAJLA
d d k . Pulmonary 2Rv|LV
space) and do not take part in artery
H H Expired from alveoli
exchange with gases in the O, - 48 m! (73-25) FRESH AIR l
blood EXPIRATION CO; = 20 ml (from blood)| mixed with 250 ml O, taken up by
’ + N2 + H,0 alveolar blood per min. i.e.
air \ 25 ml/breath if

PO, = 100 mmHg

Tota] ———

PCO; = 40 mmHg |gas in
kept constant alveoli
2,400 ml

Although shown in stages, the process is continuous.

In this case, dead space ventilation = 150 x 10 = 1,500 ml/minute.
Alveolar ventilation 350 x 10 = 3,500 ml/minute.

Total ventilation = 500 x 10 = 5,000 ml/minute.

10 breaths/min.

250 ml CO, given
up to alveoli by
blood per min, i.e.
20 ml/breath at
10 breaths/min.

25 ml 0,

Total gas in
alveoli
2,745 ml

500 ml
TIDAL
VOLUME

For simplicity, the CO, in 350 ml of atmospheric air which would be 0.14 ml has been
called 0 ml and the N, which would be approximately 276 ml has not been quantified, nor
has the water output.
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Composition of respired air

In QUIET BREATHING e o N
Of the PR e BR
500 ml atmospheric air -~ | Of the air
INSPIRED in a single inspiration | | EXPIRED in a single expiration
OXYGEN makes up about 21% y ! OXYGEN makes up 15'70’{‘.’
o NITROGEN 74.5%
NITROGEN about 79%
CARBON DIOXIDE about 0.04% CARBON DIOXIDE  3.6%
) ' WATER VAPOUR 6.2%

[NB: The percentage of nitrogen is
changed because it is diluted by the
addition of other gases, especially
water vapour. Air is saturated with
water vapour by the time it reaches

Y the lungs.]

In most climates, water
vapour in air will reduce
these percentages slightly.
There are also very small

amounts of inert gases. A This represents a mixture of:
I
|
|
I
I
I

‘dead space’ air — air which
has moved out unchanged
from the conducting

150 ml occupy the conducting
passages - ‘dead space’
air. This remains

assages
unchanged in composition P 9
since it is not in contact and
with respiratory surfaces. Y 4
. alveolar air - air which
350 ml reach the respiratory .~ has been in contact with
units and mix with *~ .
. . . respiratory surfaces and has
2.4 litres alveolar air s P Y

given up some oxygen to the
blood and taken up carbon
dioxide from it.
OXYGEN 13.6%
NITROGEN 74.9%
CARBON DIOXIDE 5.3%
WATER VAPOUR 6.2%

(Functional Residual Capacity).
Alveolar air is saturated
with WATER VAPOUR.
It constantly gives up
OXYGEN to the blood,
and constantly takes

up CARBON DIOXIDE
from the blood.

In VOLUNTARY DEEP BREATHING at rest (hyperventilating) more new air
exchanges with the alveolar air. Thus O, content of alveolar air will increase and the CO,
content will decrease.



Movement of respiratory gases

EXPIRED AIR

is saturated with water
H,0 = 47 mmHg (6.2 kPa)
02 = 119.3 mmHg (15.8 kPa)
CO; = 27.4 mmHg (3.6 kPa)
N, = 566 mmHg (74.5 kPa)

INSPIRED AIR

0, = 160 mmHg (21 kPa)
CO, = 0.3 mmHg (0.04 kPa)
N, = 600 mmHg (79 kPa)

EXTERNAL

RESPIRATION

in the ALVEOLI

CQO, pressure is low;

CO; moves from blood to air;

4ml1/100 ml (4 vol. %) given
up by blood

In the ALVEOLI

ALVEOLAR O, pressure is high;
0O, moves from air to blood;
AIR
5 ml/100 ml (5 vol %)

taken up by blood

WATER VAPOUR 47 mmHg (6.2)
0, = 100 mmHg (13.3)
N, = 573 mmHg (76)

COy= 48 Tty (4.9) ARTERIAL BLOOD

VENOUS BLOOD
entering lungs / M \___-/\ leaving lungs
0, 14 mI/100 ml blood: 40 mmHg 100 mmHg: Oz, 19 mlI/100 ml blood
CO, 52 mi/100 ml blood: 46 mmHg 40 mmHg: CO,, 48 ml/100 ml blood
INTERNAL

100 mmHg = 13.3 kPa

40 mmHg = 5.3 kPa

RESPIRATION
46 mmHg = 6.1 kPa

1 mmHg = 0.133 kPa
7.5 mmHg = 1 kPa

In the TISSUES

CO; pressure is high;
CO; moves from tissues
to blood:

4 m|/100 ml (4 vol %)
taken up by blood

In the TISSUES

O, Pressure is low:
0, moves from blood
to tissues:

5 mi/100 ml (5 vol %)
given up by blood

Pressure is the force

per unit area. In

Standard International
Units it is defined in
newtons per square metre.
The unit is the pascal (Pa)
1 kPa = 1000 Pa.

Concentrations of the
gases, and therefore the
pressures exerted by

them, vary in the tissues
depending on the metabolic
activity of the particular
tissue at any one time.

A gas moves from an area
where it is present at higher
pressure to an area where it
is present at lower pressure.
The movement of gas
molecules continues till the
pressure exerted by them is
the same throughout both
areas. Dry atmospheric air
has a pressure of 1
atmosphere = 760 mmHg =
101.3 kilopascals (kPa)



Carriage and transfer of 02 and CO:

When arterial blood is
delivered by systemic
capillaries to the
tissues it is exposed
to-

OXYGEN at very low tensions (less than 40 mmHg
T i.e. 5.3 kPa) decreases with increased metabolism

diffuses out
= of

CARBON DIOXIDE at high tensions
(46 mmHg i.e. 6.1 kPa) increases
diffuses With increased metabolism

PLASMA where O,
tension is higher

O, in solution
A dissolved +
" Chief protein of H20 carbonic
RBC is haemoglobin,
Usually potassium
is attached

Oxygenated Hb ——"*——

diffusion .
»— CO, CO, ==> dissolved - some

anhydrase
speeds up

reaction in
H,CO; red blood cell

- iNto
PLASMA where CO, tension is lower.
About 5% stays

+ combines with water
H,0 but only a small

\ amount in plasma
H,CO,

diffuses from

, H* + HCO4 > B
0 ’ high to low HCO,
0 concentration
2
SO
H* Chloride shift
o o The bulk of CO, carri
exchanges to maintai € bulk 0 , carried
HHbCO €0, e charg:n o is combined with OH as
1 BICA NATE
CO, is not (HHbNHCOOH) balance CARBO

osmatically
active but forms
osmotically active
particles e.g. K* and f
HCO5 inside RBC, hence —~H,0

COo,

A small amount of CO, carried by blood
combines with a free amino group of
haemoglobin molecule to form
CARBAMINO COMPQUND

During its passage through the tissues,
each 100 ml of blood gives up about 5ml of
oxygen, i.e. its Hb is still up to 70% O,
saturated.

The release of O, to tissues is speeded up
by an increase in temperature, acidity or
DPG such as occurs when tissues are
active.

During its passage through the tissues,
each 100 ml of blood takes up about 4 ml
CO,.

CO, is carried, 5% in solution, 5% as
carbamino compounds and 90% as HCO; .

Carbonic anhydrase causes rapid
formation of HCO;™ inside the RBC and
it then diffuses down a concentration
gradient into the plasma.



When venous blood flows through the pulmonary capillaries it

exposed to-

OXYGEN at high pressures

in alveolar air (100 mmHg i.e. 13.3 kPa)

|
diffuses

CARBON DIOXIDE at low pressures
| (40 mmHg i.e. 5.3 kPa)

diffuses out

into
PLASMA where O,
tension is lower

05 in solution

PLASMA where CO, tension is higher

H,0 H;0
Carbonic \
anhydrase
accelerates H,CO;
Oxygenated H reaction in RBC
haemoglobin _ 2903 —
KHBO, + H* HCO; = HCO,;~
Reduced :ﬁ‘_’
Hb H‘;z_ o
HHb {0,
[CI -2 CI]
Chloride shift
HHbCO, co,

H,0

CO;
from CARBAMINO COMPOUND

As blood passes through capillaries
of lungs, 100 ml take up
approximately 5 ml of oxygen. O,
combines with haemoglobin (Hb)
molecule. It becomes about 95-97%
saturated with oxygen.

As blood passes through capillaries of lungs, each
100 ml blood gives up approximately 4 ml of carbon
dioxide. A small amount is released from
combination with the free amino group in
haemoglobin molecule — carbamino compound. Most
comes from bicarbonate in RBC and plasma by
processes indicated in diagram.
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Dissociation of Oxygen from haemoglobin

The amount of O, taken up by haemoglobin in the lungs or given up by
oxyhaemoglobin in the tissues depends on the partial pressure of the O,
in the immediate environment.

[t is also influenced by the partial pressure of CO,, by temperature, by acidity and
by the concentration of 2,3-diphosphoglycerate (DPG) [or 2,3-biphosphoglycerate (BPG)].

e.g.
g PARTIAL PRESSURE of O, in ALVEOLAR AIR
(+]
O, Saturation 0 2.6 53 8 10.6 13.3kPa
of 0 20 40 60 80 100 mmHg
Haemogipbit=y 4gp = " - - 20 Volumes of
‘l If Partial Pressure of CO, 0, per 100 ml
In remained at 40 mmHg : blood
ARTERIAL 0, dissociation from Hb l
' B'LOOID 80 | at any given O, Partial d 16
i n
e fgﬁ;&’;il‘:;‘;‘;h e VT PHYSIOLOGICAL DISSOCIATION CURVE
0O, 100 mmHg (13.3 kPa) In TISSUE/S As blood gains CO, from' Tissues
CO, 40 mmHg (5.3 kPa) 0, 40 mimig (5.3 kPa) CO, pressure gradually rises from
60 L CO) po it ‘(é Ao 4.0 to 46'mmHg and causes Hb to
I 2 g \o. @l liberate its O, more readily.
VENOUS
BLOOD A
returning to 1
lungs from 40 - ,’ 18
tissues !
0, 40 mmHg (5.3 kPa) !
CO, 46 mmHg (6.1 kPa) If Partial Pressure of CO,
0o 1/ remained at 46 mmHg throughout -
0, dissociation from Hb at any
given O, Partial Pressure would
follow this curve
0 1 1 1 1 0




This effect of CO, partial pressure on dissociation of O, from Hb (the Bohr effect) is
advantageous, e.g. an increase in CO, partial pressure locally during tissue activity causes
Hb to part more readily with its O, to the active tissues.

Similarly, an increase in temperature, H  and DPG move the curve to the right. DPG is
formed when glucose is broken down for energy (glycolysis) in RBCs. Its presence favours
the dissociation of oxygen from HbO,. Thyroxine, human growth hormone and
testosterone increase DPG formation. It is higher also in people living at high altitude.

Fetal haemoglobin has a higher affinity for O, than maternal haemoglobin because it binds
DPG less strongly.

Uptake and release of carbon dioxide

CO, is carried by the blood in 3 forms: (a) about 90% is carried as bicarbonate formed
chiefly in the RBCs and carried largely by plasma, (b) about 5% is carried dissolved in
blood water, and (c) about 5% is carried combined to the terminal amino groups of blood
proteins as carbamino compounds. Especially important is the globin of haemoglobin.

The Haldane effect

The presence of reduced Hb in the peripheral blood helps with the loading of CO; into the

blood from the tissues. The oxygenation which occurs in the pulmonary capillaries helps

with the off-loading of CO, from the blood into the alveoli. The fact that the

deoxygenation of the blood increases its ability to carry CO; is known as the Haldane

effect. The explanation for this is that reduced Hb has a better ability to mop up H 4

produced when carbonic acid dissociates in the reaction CO, + H,0 == H,CO3; = H " + HCO5,

hence driving the reaction to the right. In addition, reduced Hb can bind much more CO,
than HbO,.



PARTIAL PRESSURE OF CO,
2.6

4 5.3 6.6 8 9.3 kPa
20 30 40 50 60 70 mmHg
80 y T T T
In mil C02
VENOUS If blood had only reduced Hb - carried
BLOOD when exposed to increased CO; in tissues - by 100 ml blood
returning to 0 | more CO, per mm3 could be carried. 4§ 79
lungs from
tissues !
0, = 40 mmHg
(5.3 kPa) PHYSIOLOGICAL UPTAKE
CO, = 46 mmHg 60 and RELEASE of CO,
(6.1 kPa) In blood, Hb is never completely
In reduced or oxygenated.
ARTERIAL > Therefore as it loses O, to the
BLOOD 50 - 1 tissues HbO, decreases: more HHb
leaving lungs : present — capacity to hold CO, gradually
for tissues ' increases as O, Partial Pressure decreases
0, = 100 mmHg . and CO, Partial Pressure increases.
(13.3 kPa) 40 | !f blood had only oxygenated Hb - 1 40
CO; = 40 mmHg when exposed to increased CO; in tissues
(5.3 kPa) less CO, per mm® could be carried
30 . " 30

i.e the more oxygen the blood holds the less CO; it can hold and vice versa. This facilitates
uptake of CO, in tissues and release of CO; in the lungs.



Nervous control of respiratory movements

Normal respiratory movements are involuntary. They are carried out automatically (i.e.
without conscious control) through the rhythmical discharge of nerve impulses from
controlling centres in the medulla oblongata and pons. Respiratory neurons in the
brainstem are of two types: I neurons discharge during inspiration; E neurons

discharge during expiration.

| neurons send out
streams of impulses
which travel down to
the ANTERIOR HORN
CELLS of the SPINAL '
CORD on the opposite P
side and are relayed NTS ~.
from CERVICAL
SEGMENTS

MEDUL
\ NRA--\~\' ;
3~
4 - \33

by the PHRENIC NERVES T
to the DIAPHRAGM

and from

THORACIC e

SEGMENTS —__

by the INTERCOSTAL
NERVES to the
INTERCOSTAL MUSCLES

These nerve impulses
cause the muscles of
inspiration to contract

In the NRA

E neurons in
the upper end
inhibit the Ny
| neurons during
expiration.

fferents
rom lungs

>

PNEUMOTAXIC CENTRE (PTC)
(nucleus parabrachialis)
Normal function unknown

but may have a role in
switching between inspiration
and expiration.

MEDULLARY GROUPS

The dorsal group in the
nucleus of the tractus
solitarius (NTS) contain

| neurons.

The ventral group in the
nucleus retroambiguus (NRA)
contain both E and | neurons.
Afferent impulses in the
vagus from lung stretch
receptors inhibit | neuron
discharge.

Inspiratory neurons
inhibited
!
The muscles of
inspiration relax
l
Expiration follows
passively in quiet
respiration

are excited in

Expiratory (E) neurons
/ forced expiration

Despite intensive research,
the mechanism responsible
for rhythmic respiratory

discharge remains unsettled.
The main components are in
the medulla where there may
be a group of pacemaker
neurons situated.



Chemical regulation of respiration

The activity of the respiratory centres is regulated by the O,, CO, and H" content of the
blood. Carbon dioxide and H" are the most important. CO, dissolves in cerebrospinal
fluid (CSF) which bathes receptors sensitive to H ' on the ventral aspect of the medulla.
Stimulation of these receptors is responsible for about 70% of the increase in the rate and
depth of respiration in response to increased CO,. Carotid and aortic bodies are
responsible for the other 30% of the response to raised CO,. They also increase ventilation
in response to a rise in H' or a large drop in PaO, (to below 60 mmHg).

:_?,c reass lnnt C?z':q::‘rgass.: & }stimulates H* receptors Stimulates
SonEaRen . RESPIRATORY
(CO, + H,0 in CSF — H,CO3 — HCO3 + H*) CENTRES ——— increases rate and

depth of breathing
Fall in blood CO, slightly depresses — — — -/ _ _ _ — » shallow breathing

Arterial PaO,, normally 100 mmHg,
has to fall to 60 mmHg to
stimulate chemoreceptors.

Severe lack of O, depresses
respiratory centre

Carotid

CHEMO-REFLEXES: body X
In addition to the
effect of CO, and O,
on centre, rise in

H* of blood stimulates

: : . _ Aortic
carotid and aortic bodies. 7

body

I
Lackof 0 ———— — — — — — — stimulates CHEMORECEPTORS |- — reflexiy stimulates
e.g. as at low (‘Oxygen-lack’ receptors) respiration
atmospheric pressure in carotid body
(high altitude) and aortic body

/\

Note~ These reflexes are usually powerful enough to override the direct depressant action of
lack of O, on respiratory centres themselves




The chemical and nervous means of regulating the activity of respiratory centres
act together to adjust rate and depth of breathing to keep the PaCO, close to 40 mmHg.
This automatically sets the PaO, to an appropriate value depending on the partial pressure
of O,. For example, exercise causes increased requirement for O, and the production of
more CO,. Ventilation is increased to get rid of the extra CO, and keep the alveolar PaCO,
at 40 mmHg. More oxygen is used by the tissues. The alveolar PO, and PCO, both remain
constant



Voluntary and reflex factors in the regulation of

respiration

Although fundamentally automatic and regulated by chemical factors in the blood there is a
separate voluntary system for the regulation of ventilation. It originates in the cerebral
cortex and sends impulses to the nerves of the respiratory muscles via the corticospinal
tracts. In addition, ingoing impulses from many parts of the body modify the activity of
the respiratory centres and consequently alter the outgoing impulses to the respiratory
muscles to coordinate rhythm, rate or depth of breathing with other activities of the

body.

Impulses from
HIGHER CENTRES
- PSYCHIC and
EMOTIONAL
INFLUENCES

<

r

Voluntary alterations in breathing.

Interruptions of expiration in speech and singing.

Deep inspiration then short spasmodic expirations in laughter and
weeping.

Prolonged expiration in sighing.

Deep inspiration with mouth open in yawning.

Slow shallow breathing in suspense and concentration.

Rapid breathing in fear and excitement.



SENSORY STIMULI REFLEX alterations in

e.g pungent odours respiratory movements
irritating nerve - - — — — - — — __ _ _ -~ —Short inspirations, forced
endings in expirations with GLOTTIS open
nasal mucosa. in sneezing.

bolus offood - — — — — _ _ _ _ _ _ __ — —»Inhibation of respiration
contacting pharynx. during swallowing.

irritant contacting - - — — _ _ _ __ _ __ _ —— —» Short inspiration; series of forced
larynx, trachea expirations with GLOTTIS closed

painful, hot, cold (high pressure created in air
stimuli to nerve passages): GLOTTIS opens
endings in skin - —_—_ suddenly; blast of air carries

~ out irritant material in coughing.

Stretch-proprioceptors  ~\_ _ _ -»Sharp inspiration after sudden
in INTERCOSTAL pain or cold; increasing rate
muscles. DIAPHRAGM / | and depth of breathing with heat.
ABDOMINAL muscles_ __ _ __ as at| \ Ao . |--=Spasmodic contractions of
Decrease (}) in - - — high | diaphragm with GLOTTIS

blood pressure altitude | closed in hiccoughing.
BARORECEPTORS CHEMORECEPTORS g :
in CAROTID sinus - CAROTID BODY - —» Respiration stimulated.
and AORTIC arch and AORTIC BODY —— == — — — —» Respiration stimulated.

Proprioceptors stimulated during muscle movements send impulses to respiratory centre —
1 rate and depth of breathing. (NB: This occurs with active or passive movements of limbs.)

In normal breathing respiratory rate and rhythm are thought to be influenced
rhythmically by the Hering-Breuer reflex.

Distension of stimulates Stream of ingoing impulses Withdrawal of outgoing
alveoli stretch . basses alopg vagus . tmpl..llm:s to
at end of receptors nerves to inhibit respiratory muscles

inspiration in bronchioles inspiratory centres — expiration



